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AMCC®~ 
PRODUCT SELECTION GUIDES . 

ATM LAN and 100VG AnyLAN Products 

Operating Power 
Products Function Speed Data Path Package Supply 

S3011 
SON ET/ATM/ 139/155 

8:1 bit 80TEP +5V E-4 Tx MbiVs 

S3012 
SON ET/ATM/ 139/155 

1 :8 bit 80TEP +5V 
E-4 Rx MbiVs 

S3020 ATMTx 
155/622 

8:1 bit 52TEP +5V 
MbiVs 

S3021 ATM Rx 
155/622 

1 :8 bit 52TEP +5V 
MbiVs 

S3027 
Clock 155/622 

1 bit 20TSSOP +5V 
Recovery MbiVs 

S3028 
ATM 155/622 

1 :8/8:1 bit 64 PQFP +5V Transceiver MbiVs 

S3029 
Quad 

155 MbiVs 1 bit 64 TQFP +3.3V 
Transceiver 

100VG 
S2100 AnyLAN 120 MbiVs 4:1/1 :4 bit 52 PQFP +5.0V 

Transceiver 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 1-3 



AMCC 

Fibre Channel/Gigabit Ethernet Products 

Operating 
Products Function Speed 

S2036 
Open Fiber 266/531 /1 062 

Control Mbit/s 

10-bit 
266/531 /1 062 

S2042 Compliant 
Mbit/s 

Fibre Channel 

10-bit 
266/531/1062 

S2043 Compliant 
Mbit/s 

Fibre Channel 

GLM 

S2044 
Compliant 266/531 /1 062 

Fibre Channel Mbit/s 
Tranmitter 

GLM 

S2045 
Compliant 266/531 /1 062 

Fibre Channel Mbit/s 
Receiver 

Gigabit 
S2046 Ethernet 1250 Mbit/s 

Transmitter 

Gigabit 
S2047 Ethernet 1250 Mbit/s 

Receiver 

10-bit 
1062/1250 

S2052 Compliant 
Mbit/s 

Fibre Channel 

1-4 

PRODUCT SELECTION GUIDES 

Power 
Data Path Package Supply 

N/A 28 SOIC +5V 

10:1/20:1 
bit 

52 PQFP +5V/+3.3V 

1 :10/1 :20 
bit 

52 PQFP +3.3V 

10:1/20:1 
52 PQFP +3.3V 

bit 

1:10/1 :20 
52 PQFP +3.3V 

bit 

10:1/20:1 
bit 

52 PQFP +3.3V 

1 :10/1 :20 
bit 

52 PQFP +3.3V 

10:1/1:10 
bit 

64 PQFP +3.3V 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 
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PRODUCT SELECTION GUIDES • 

HIPP/ Products 

Operating Power 
Products Function Speed Data Path Package Supply 

S2020 
HIPPI 

800 Mbit/s 32 bit 
225 PGA/ 

-5.2/+5V Source 208 TEP 

S2021 
HIPPI 

800 Mbit/s 32 bit 
225 PGA/ 

-5.2/+5V 
Destination 208TEP 

PC/ Products 

Products Function Description 

S5920 PCI Target Controller General Purpose PCI Interface 

S5933 
PCI Master/Slave 

General Purpose PCI Interface 
Controller 

S5933DK1 Developer's Kit Software/Hardware Developer's Kit 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 1-5 



AMCC 

SONET/SDHIATM Products 

Operating 
Products Function Speed 

53005 
50NET/ATM/ 139/155/622 

E-4Tx Mblt/s 

53006 50NET/E-4 Rx 139/155/622 
Mbit/s 

53014 Clock Recovery 
155/622 
Mbit/s 

53015 
E4/0C-3/STM-1 139/155 

Tx Mbit/s 

53016 
E4/0C-3/5TM-1 139/155 

Rx Mbit/s 

53017 50NET/5DH Tx 622 Mbit/s 

53018 50NET/5DH Rx 622 Mbit/s 

53019 
50NET/5DH 155/622 
XCVRw/CDR Mbit/s 

53025 Clock Recovery 622 Mblt/s 

53026/27 Clock Recovery 155/622 
Mbit/s 

53028 
50NET/5DH 155/622 
Transceiver Mbit/s 

53029 
Quad 

155 Mbit/s 
Transceiver 

53030/31 
E4/0C-3/5TM-1 139/155 

ATM XCVR Mbit/s 

53032 SONET/SDH/ATM 155/622 
XCVRw/CDR Mbit/s 

53033 
SONET/SDH/ATM 155/622 

XCVR Mbit/s 

1-6 

PRODUCT SELECTION GUIDES 

Power 
Data Path Package Supply 

8:1 bit 
68 LDCC 

-4.5/5.0V 
80TEP 

1:8 bit 
68 LDCC 

-4.5/5.0V 
80TEP 

1 bit 44 PLCC -5.2/+5.0V 

1 bit 52TEP +5V 

1 bit 52TEP +5V 

8:1 bit 52TEP +5V 

1:8 bit 52TEP +5V 

8:1/1:8 bit 80 PQFP +3.3V 

1 bit 20T550P +5V 

1 bit 20T550P +5V 

8:1/1 :8 bit 64 PQFP +5V 

1 bit 64 TQFP +3.3V 

1 bit; 
80 PQFP +5V 4:1/1:4 bit 

8:1/1:8 bit 64TQFP +3.3V 

8:1/1:8 bit 64TQFP +3.3V 

Applied Micro Circuits Corporation 
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PRODUCT SELECTION GUIDES • 

SONET/SDHIATM Products (continued) 

Operating Power 
Products Function Speed Data Path Package Supply 

SONET/SDH 
S3040 Clock 2.5 Gbit/s 1 bit 28 LDCC +5.0V 

Recovery Unit 

S3041 
SONET/SDH 

2.5 Gbit/s 8:1 bit 80 PQFP +3.3V 
Transmitter 

S3042 
SONET/SDH 

2.5 Gbit/s 1 :8 bit 80 PQFP +3.3V 
Demux 

S3043 
SONET/SDH 

2.5 Gbit/s 16:1 bit 80 PQFP +3.3V 
Transmitter 

S3044 
SONET/SDH 

2.5 Gbit/s 1:16 bit 80 PQFP +3.3V 
Demux 

S3045 
SONET/SDH 

622 Mbit/s 32:8/8:32bit 208TEP +3.3V 
Transceiver 

Crosspoint Switch Products 

Operating Power 
Products Function Speed Data Path Package Supply 

S2016 
Crosspoint 

1.5 Gbit/s 16 X16 120 TEP +5V 
Switch 

S2024 
Crosspoint 600/800 

32 x 32 196 LDCC -5.2/+5V 
Switch Mbit/s 

S2025 
Crosspoint 

1.5 Gbit/s 32 x 32 196 LDCC +5V 
Switch 

S2028 
Crosspoint 

1.5 Gbit/s 33 x 32 224 LDCC +3.3V 
Switch 

Applied Micro Circuits Corporation 
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AMCC 
PRODUCT SELECTION GUIDES 

Precision Clocking Products 

Output Frequency with Respect to Input Frequency 

Total 
Number of 

PIN Outputs 
Outputs 

Divide-by-1 

SC3506 20 10 

SC3306 20 10 

SC3308 20 20 

SC3318 10 10 

SC3368 14 6 

S3LV308 20 20 

1-8 

Number of 
Outputs 

Divide-by-2 

10 

10 

N/A 

N/A 

8 

N/A 

Power Output 
Package 

Supply Levels 

+5V TTL 52 PQFP 

+5V LVTTL 52 PQFP 

+5V LVTTL 52 PQFP 

+5V LVTTL 28 SOIC 

+5V LVTTL 28 SOIC 

+3.3V LVTTL 52 PQFP 
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PRODUCT SELECTION GUIDES • 

Clock Generator and Synthesizer Products 

Output Frequency 
with Respect to Input Frequency 

Number of 
Minimum Delay Selectable 

Input Maximum Adjust Output 
PIN Description Reference Number Type Frequency Increment Relationships 

S4402 
Multiphase 

TTL 6 TTL 80 3.2ns 21 
Clock 

Generator 

S4403 
Multiphase 

TTL 10 TTL 80 3.2ns 21 
Clock 

Generator 

S4405 
Multiphase 

PECUTTL 6 TTL 80 3.2ns 21 
Clock 

Generator 1 PECL 160 - -

S4406 
Clock 

TTL 12 TTL 66 4 ns@ 7x4 Banks of 
Generator 

66MHz 3 Outputs 
with delay 

Adj.& Invert 

S4403 Clock XTAL 2 TTL 80 N/A Multiply 2-32 
Synthesizer 1 PECL 300 Divide 2-16 

RAMBUS-TM 
Rambus 

S4506 Compatible XTAL 2 
Compatible 

250 N/A 1 
S4507 Clock 300 

Generator 

Applied Micro Circuits Corporation 
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ASIC Standard Cell Products 

Family Operating 
Name Technology Speed 

Micro- 1 Micron Up to 
power Bipolar 2.5GHz 

ASIC Logic Array Products 

Part Number Technology 

020004 
1 Micron 
Bipolar 

020010 
1 Micron 
Bipolar 

020025 
1 Micron 
Bipolar 

020045 1 Micron 
Bipolar 

020080 
1 Micron 
Bipolar 

020120 
1 Micron 
Bipolar 

020P010 
1 Micron 
Bipolar 

020P025 
1 Micron 
Bipolar 

020M100 
1 Micron 
Bipolar 

1-10 

PRODUCT SELECTION GUIDES 

Power 
Equivalent Number of Analog Supplies 

Gates 

Up to 
4000 

Equivalent 
Gates 

(Full Adder 
Method) 

671 

1469 

4032 

6782 

11242 

18777 

973 

3272 

13475 

1/0 Functions Options 

Up to 200 • 2.5 GHz • +5V 
PLL 

• +5V/-5V 
• 1 GHz 

Timing • -5V 
Vernier 

• +3.3V 
•Custom 

Analog 

Stuctured 
Arrayed 

Number of 110 Blocks 

30 None 

68 None 

102 None 

130 None 

164 None 

200 None 

34 1.25 GHz PLL 

51 1.25 GHz PLL 

195 RAM 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 
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VISION 

It is AMCC's vision to be the premier supplier of 
silicon for high bandwidth connectivity solutions for 
the worldwide networking infrastructure. 

COMPANY OVERVIEW 

AMCC defines, develops, manufactures and markets 
application specific standard products (ASSPs) and 
customer specific integrated circuits (CSICs) for high 
speed, high performance network interface applica
tions. Utilizing CMOS, BiCMOS and proprietary 
MicroPower Bipolar technology, AMCC provides pre
cision circuits and interface solutions for Gigabit 
Ethernet, ATM, SONET, Fibre Channel and PCI 
markets. 

Since 1979, AMCC has designed and produced five 
generations of semicustom bipolar ECL logic arrays 
and two generations of BiCMOS logic arrays. AMCC 
expertise includes its mixed ECUTTL interface, 
phase-locked loop (PLL), precision vernier, skew con
trol, high-speed VCO and controlled edge rate TTL 
outputs. 

AMCC Product Development Strategy 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121•(619)450-9333 

AMCC® 
CAPABILITY SUMMARY 

AMCC Product Development Strategy 

AMCC's product development strategy utilizes the • 
company's expertise in the telecommunications, data 
communications, ATE, computer and military mar-
kets. Initially ASSPs are defined based on key 
industry standards. Then, as additional applications 
are identified, derivative products based on the 
"cores" of the original devices are introduced. These 
"cores" are then made available for high volume pro-
prietary customer specific designs. This is all made 
possible by our emphasis on using ASIC techniques 
and methodologies to develop the original products. 

Network Interface Products 

High performance network interface encompasses a 
wide range of applications, all requiring data trans
mission rates from >100 Mbit per second to over 9.6 
Gbit per second. These applications include Local 
Area Networks (LAN), Hubs, Routers and Switches, 
Wide Area Networks (WAN) based on SONET stan
dards, RAID-based storage systems, serial 
backplane for high performance switches and digital 
video broadcasting systems. 

2-3 



AMCC 
CAPABILITY SUMMARY 

AMCC interface circuits, transceiver chips and 
switches are designed to implement emerging net
work technologies such as the ANSI Fibre Channel 
and High Performance Interface (HIPPI) standards, 
the ITU SONET telecommunications standard, the 
ATM Forum LAN standard and IEEE Gigabit 
Ethernet standard. Jitter, speed, power and size are 
critical design issues for all these circuits. AMCC's 
devices are based on its unique Bipolar process 
which has noise isolation characteristics that enable 
best-in-class jitter performances. The inherent physi
cal structure of the company's process makes 1 to 3 
GigaHertz (GHz) data rates possible at low power. 
Consequently, the low device power consumption of 
AMCC's products helps to minimize the cost and 
size of packaging. 

Peripheral Component Interconnect 
(PCI) Bus Controllers 

Increasing bandwidth of high speed networks cre
ates a bottleneck at the desktop. One of the causes 
of this problem is the latency associated with con
nection to high speed peripheral equipment over 
LANs and WANs. The 132 Megabyte per second 
backplane PCI bus helps break the bottleneck. 

AMCC has developed the industry's first line of gen
eral purpose master/slave controllers for the PCI 
bus. These circuits provide a high performance 
single-chip interface for add-on boards and adapter 
cards for industrial, graphics, video and communica
tions markets. 

2-4 

Precision Clock and Timing Products 

AMCC provides a line of high precision clock and 
timing standard products for exacting system de
signs. AMCC has also tailored clock and timing 
devices to specific customer needs for high perfor
mance clock generation and distribution, clock 
synchronization and de-skewing, frequency synthe
sis, and pulse shaping applications. Offerings 
include low EMI, low skew clock drivers and low jitter 
clock generators for high performance server, work
station and RAMBUS™-based applications. 

Manufacturing Excellence 

AMCC manufactures its own Bipolar and BiCMOS 
wafers using proven processes and utilizes foundry 
relationships for access to CMOS capability in its 
world class fab located in San Diego. AMCC is proud 
of its best-in-class status for lowest defect densities 
for like sized fabs. This allows AMCC to provide a 
continuous, predictable supply of product to its cus
tomers. 

The Company follows a "semi-tabbed" manufactur
ing strategy and has CMOS and BiCMOS foundry 
relationships in place with major domestic and inter
national semiconductor partners that provide for 
significant additional production capacity. Wafer pur
chases from strategic foundry partners both expand 
capacity and provide alternate sources. Additional 
high-volume assembly and test facilities are located 
offshore. 

AMCC's "quick turn, semi-tabbed" manufacturing ap
proach blends together the strengths of both the 
"tabbed" and "fabless" semiconductor strategies. 
Fabbed advantages include the security of total in
house control and time to market. Fabless 
advantages include multiple sourcing and allows the 
company to focus investment on new high perfor
mance products. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



AMCC COMMITMENT TO QUALITY 

AMCC is committed to achieving the highest quality 
and reliabili!y level in the integrated circuit products 
we provide. Every year for over a decade we have 
established industry-leading reliability and outgoing 
quality targets and then exceeded them. 

The quality and reliability philosophy at AMCC starts 
with the premise that for AMCC to continue to excel 
and be the premier supplier to our customers, the 
quality expectations of customers must be consis
tently met or exceeded. 

Our team operating philosophy is to: 

1) design in manufacturability and reliability during 
the new product development phase (plan); 

2) build in quality at all manufacturing steps (do); 

3) execute thorough product inspections, internal 
audits and reliability confirmation (check); 

4) incorporate feedback from internal and external 
sources into continuous quality improvement 
programs (act). 

Reliability and Manufacturability
Designed In From The Start 

Reliability and manufacturability is designed in up 
front through a team infrastructure which focuses on 
active participation by Design, Manufacturing and 
Reliability Engineering throughout all phases of the 
design process. This includes extensive design veri
fication through computer modeling and design 
validation by product characterization and applica
tion simulation. Final team design review and 
production readiness approval is required prior to re
lease of products to production. 

Quality Built In During Wafer Fabrication 
and Manufacturing 

AMCC's manufacturing and quality teams employ 
documented operating procedures, work instruc
tions, in-process inspections and SPC methodology 
to provide assurance of continued process control 
and compliance to specification. 

Applied Micro Circuits Corporation 
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QA gates and subsequent feedback ensures quality confirmation of 
AMCC's final product in a continuous improvement program. 

Inspection, Audit and Reliability Confirmation 

AMCC has strategically placed In-Process Quality 
Control (IPQC) gates, internal process/area audits 
and lot/time specific reliability monitors to verify per
formance against customer requirements and 
internal design/manufacturing process capabilities. 
Metrics generated by these activities are intended to 
provide continuous improvement feedback data for 
review and action as driven by senior management. 

• Die visual and precap gate 

• Final outgoing inspection gate 

• Modified MIL-STD-105D sampling program 

• Lot specific group A and B testing 

• Ongoing reliability monitors 

• SPC/Data metric review of key subcontractors 

• Visual/mechanical and electrical outgoing 
indices and PPM goals 

• Cost-of-quality pareto analysis 
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AMCC 
QUALITY SYSTEM OVERVIEW 

Continuous Quality Improvement Program 

• Corporate-wide commitment driven by the 
Executive Staff 

• A program plan that is flexible enough to 
comprehend dynamic customer inputs 

• Statistical tools in place for analysis and action 
planning 

• Weekly and monthly review meetings to share 
performance data 

• Self examination consistent with elements in 
IS09001 and the Malcolm Baldridge National 
Quality Award 

Manufac
turing 
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AMCC QUALITY SYSTEM 

The Quality System had been modeled after the 
stringent military requirements of MIL-1-45208, MIL
Q-9858 and MIL-1-38535 Appendix A. Heading into 
the 21st century, AMCC has now modified its Quality 
System to also align with IS09001. This has 
strengthened the closed loop improvement cycle by 
tying internal audits with corrective/preventative ac
tion though continuous management review. 

AMCC's Quality System has the following compo
nents integrated throughout the factory to meet or 
exceed the above requirements. 

• Quality Organization 
• Quality Planning 
• Management Review 
• Contract Review 
• Design Control 
• Document and Data Control 
• Purchasing 
• Supplier Selection and Control 
• Control of Customer Supplied Materials 
• Product Identification and Traceability 

• Operating Procedures 
• Work Instructions 
• Inspection and Test 
• Inspection, Measurement and Test Equipment 

Calibration 
• Inspection Status System 
• Control of Nonconforming Material 
• Corrective and Preventive Action 
• ESD Safe Handling, Storage, Packaging, 

Preservation and Delivery Methods 
• Records Retention and Maintenance 
• Internal Process/Area Auditing System 
• Training/Certification 
• SPC and Statistical Techniques 
• Failure Analysis 

IS09001 REGISTRATION 

Based on the restructure of the Quality System to 
IS09001 requirements and successful completion of 
internal and third-party audits, AMCC was ISO regis
tered on July 29, 1996. Bi-yearly surveillance audits 
have been successfully passed as well. Please con
tact the factory for further details and schedule 
updates. 

Applied Micro Circuits Corporation 
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PRODUCT QUALIFICATIONS 

A qualification is a sequence of tests in which all 
parameters, including the reliability of the device are 
tested. It is this sequence of tests which initially 
qualifies the part to be released for production. 

Thorough reliability testing is performed on new prod
uct and package families in order to ensure the 
expectations of our customers are met. These tests 
include environmental, mechanical and life testing per
formed in accordance with Military Standards, industrial 
accepted methods and AMCC Test Procedures. Con
tact the factory for specific details regarding your 
selected producVpackage combination. 

AMCC provides MIL-STD-883 Methods 5005 and 5010 
testing for our military customers on contract as well as 
MIL-H-38534 quality conformance screening for hy
brid customers. 

MIL-STD-883 Method 5005 

"Qualification And Quality 
Conformance Procedures" 

Method 5005 establishes qualification and quality-con
formance inspection procedures for semi- conductors 
to ensure that the quality of devices and lot conform 
with the requirements of the applicable procurement 
document. The full requirements of Group A, 8, C, D, 
and E test and inspections are intended for use in initial 
device qualification-or requalification in the event of 
product or process change-and in periodic testing for 
retaining qualification. 

Group A consists of electrical tests performed on an 
inspection lot which has already passed the 100% 
screening requirements. After a lot has passed the 
100% screen tests, a random sample of parts is se
lected from the total population of devices to form 
the inspection lot. The inspection lot is then sub
jected to these Group A electrical tests. 

Group B inspection tests are used to monitor the 
fabrication and assembly processes performed on 
each inspection lot. 

Group C consists of a 1000-hour life test conducted 
to verify die integrity. 

Group D verifies the material integrity and the reli
ability of the package. 

Group E demonstrates the radiation hardness capa
bility of the device. Performed on a generic basis by 
device type or as required for an application. 

Applied Micro Circuits Corporation 
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AMCC 
QUALITY SYSTEM OVERVIEW 

MIL-STD-883 Method 5010 

"Test Procedures For Custom Monolithic 
Microcircuits" 

This method establishes screening and quality con
formance procedures for the testing of custom and 
semicustom monolithic semiconductors to verify Class 
B or Class S quality and reliability levels. Testing is 
performed in conjunction with other documentation 
such as MIL-1-38535 and an applicable detail specifica
tion. It establishes the design, material, performance, 
control, and documentation requirements needed to 
achieve prescribed levels of device quality and reliabil
ity. AMCC can support qualification using this method. 

Until August of 1983, the qualification most commonly 
used was Method 5005. Since that time, the newer 
revision of MIL-STD-883 includes Method 5010, which 
is better suited for semicustom devices {logic arrays 
included}. Either qualification is adequate, but it is de
sirable to use the 5010 qualification procedure in 
qualifying custom or semicustom devices. 

Qualification Method 5005 VS. 501 O 

The primary difference between the two methods is in 
the Group D test. Method 5005 uses electrically-good 
devices, where method 501 O uses electrical rejects 
and package-only parts for environmental tests. In ad
dition, Method 501 O is designed for smaller production 
releases (i.e., 2000 devices/year) while Method 5005 is 
designed for large production releases. 

Generic Data 

Under the provision of MIL-1-38535, a customer can 
elect to qualify using generic data (similar device/ 
family). However, the provisions of the applicable 
contract should be reviewed. In most cases generic 
data will satisfy full qualification requirements. 

Since many of the qualifications at AMCC are on
going, generic data may be available for this purpose. 
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AMCC 
QUALITY SYSTEM OVERVIEW 
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AMCC Product Assurance 
Product Flow Detail 

• Component Selection 

• Definition - Specification 

• Supplier: Selection - Qualification - Approval 

• Qualified Vendors List (QVL) 

• Acceptance Documents and Operating Procedures 

• Purchase Order 

• Component/Material Specifications 

• Product Assurance and General Procedures 

• QVL 

• Sample Inspection of All Direct Materials 

• Class 1 O Clean Room - FED-STD-209 

• Measurements in Adherence with MIL-STD-977 

• SPC: 

• In-process Monitors 

• PCM Electricals 

• SEM Inspection on All Military Lots 

• QA Audits 

• CV Plots - Weekly (minimum) 

• DI Water -Weekly 

• Particle Counts 

• Bacteria Count 

• Airborne Particle Count -Weekly 

Applied Micro Circuits Corporation 
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AMCC Product Assurance 
Product Flow Detail 

• IPQC Audit 

• Manufacturing 
Procedures 

Hermetic 
Military Flow 

• Method 50041 

• IPQC 

• Customer Source 
Inspection (CSI) 

• Assembly Final 
Inspection 

• Methods 5004 & 
50051 

• Methods 5004 & 50051 

• IPQC 

•Group A 

• Method 50051 

• IPQC 

• Final Inspection 

• Method 50051 

• Performed by 
Customer Order 

• Per Order 

• IPQC 

• Outgoing 
Inspection 

Hermetic 
Commercial Flow 

• Method 5004 
(No Centrifuge 

• IPQC 

• Assembly Final 
Inspection 

• 25°C-100% 

• 0°C& 70°C
AOL=0.25% Sample 

• IPQC 

• Final Inspection 

• Coplanatary Check 

• IPQC 

• Outgoing Inspection 

1MIL-H-38534 or MIL·STD-883 method 5010 also available. 

Plastic 
Flow 

• Precap Visual 

• Die Shear SPC 

• Wire Bond SPC 

• Mold/External Visual 

• Lead Trim and Co
planatary Inspection 
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AMCC 
QUALITY SYSTEM OVERVIEW 

AMCC'S RELIABILITY VIGIL 

AMCC's internal reliability vigil consists of three 
phases: 

• New/changed processes and material 
qualifications 

• In-process Quality monitors 

• Periodic operating life and environmental testing 

New/Changed Wafer Processes and Material 
Qualifications 

In order to initially release a device to production a 
standard set of MIL-STD-883 tests must be com
pleted successfully. These tests include: 

Wafer Process and Design 

• Operating Life Method 1005 

• ESD Characterization Method 3015 

• Wire Bond Pull Method 2011 

• Thermal Shock or Method 1011 or 101 O 
Temperature Cycling 

Package and Related Materials 

• Selected Subgroups of MIL-STD-883, Method 
5005, Group B and D 

AMCC adheres to MIL-1-38535 with regards to 
changes. 

If changes to production released devices are deter
mined to be major, the appropriate qualification testing 
must be successfully completed prior to change 
approval. 

In-Process Quality Monitors 

• CV plots 

• Airborne particle count 

• Bacteria, particle count, and resistivity on DI water 

• ESD work stations and procedures 

• In-line testing of process gases 

• Temperature and humidity control 

• SPC in wafer fabrication 

• SEM of all military lots 

2-10 

Periodic Operating Life and 
Environmental Testing 

• Performed on a product from each process family 
quarterly. 

• 1000 hour operating life test (minimum), Method 
5005, Group C. 

• Temperature cycling per Method 1010, 100 cycles, 
condition C: -65°C/150°C 

• Environmental testing per AMCC standard test 
procedures. Consult factory for further details. 

Final Measure and Assurance of Quality 

The cost of defects depends on when the failure oc
curs. For example, costs rise significantly as 
undetected defective ICs are integrated into systems. 
High quality parts cut costs substantially, and the extra 
quality built into every AMCC device means added 
value to our customers. 

To achieve maximum quality, AMCC employs 100% 
testing of all devices, followed by stringent QA 
sampling. 

AMCC performs QA sampling measurements at full 
specification temperature, both DC and AC, to 
achieve the tightest AQLs in the industry. 

RADIATION HARDNESS 

High energy radiation can cause structural changes 
in the silicon and silicon dioxide crystal lattice by 
displacing atoms from their normal crystal sites. 
These changes can be responsible for increased 
junction leakage, degraded transistor current gain 
(b), and increased parasitic SVSi02 interface leak
age currents. The damage is generally induced by 
neutrons, X-rays, and gamma rays. The effects of 
the damage induced by this radiation can change 
both AC and DC parameters, affect functional perfor
mance, and, in severe cases, destroy the device. 

Certain of AMCC's high performance products are 
inherently radiation resistant. The radiation resis
tance of AMCC IC's is the result of the small 
geometries, the structure of the fabrication process 
itself, and the use of ECL logic within the device. 
Contact your AMCC representative regarding radia
tion resistance characteristics associated with a 
specific product. 

Applied Micro Circuits Corporation 
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DEVICE SPECIFICATION 
AMCC® 

SONET/SDH/ATM OC-3 TRANSMITTER AND RECEIVER 53011/53012 

FEATURES 

• Complies with ANSI, Bellcore, and ITU-T 
specifications 

• On-chip high-frequency PLL for clock 
generation and clock recovery 

• Supports 155.52 Mbit/s (OC-3) 
• Reference frequency of 19.44 MHz 
• Interface to both PECL and TTUCMOS logic 
• 8-bit TTUCMOS datapath 
• Compact 80 PQFP package 
• Diagnostic loopback mode 
• Lock detect 
• Low jitter PECL interface 
• < 2.5 Watt per set 

APPLICATIONS 
• SONET/SDH-based transmission systems 
• SONET/SDH modules 
• SONET/SDH test equipment 
• ATM over SONET 
• Section repeaters 
• Add drop multiplexors 
• Broad-band cross-connects 
• Fiber optic terminators 
• Fiber optic test equipment 

Figure 1. System Block Diagram 

Network 
Interface 

Processor 
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GENERAL DESCRIPTION 

The S3011/S3012 SONET/SDH transmitter and re
ceiver chips are fully integrated serialization/ 
deserialization SONET OC-3 (155.52 Mbit/s) interface 
devices. With architecture developed by the Pacific 
Microelectronics Centre (PMC), the chipset performs • 
all necessary serial-to-parallel and parallel-to-serial func-
tions in conformance with SONET/SDH transmission 
standards. The devices are also suitable for ATM appli-
cations. Figure 1 shows a typical network application. 

On-chip clock synthesis is performed by the high-
frequency phase-locked loop on the S3011 transmitter 
chip allowing the use of a slower external transmit clock 
reference. Clock recovery is performed on the S3012 
receiver chip by synchronizing its on-chip VCO directly 
to the incoming data stream. The S3012 also performs 
SON ET /SDH frame detection. The chipset can be used 
with 19.44 MHz reference clocks, in support of existing 
system clocking schemes. 

The low jitter PECL interface guarantees compliance 
with the bit-error rate requirements of the Bellcore, 
ANSI, and ITU-Tstandards. The S3011/S3012 chipset 
is packaged in a 80 PQFP, offering designers a small 
package outline. 

Network 
Interface 

Processor 

3-3 



AMCC 
53011/53012 SONET/SDH/ATM OC-3 TRANSMITTER AND RECEIVER 

SONET OVERVIEW 
Synchronous Optical Network (SONET) is a standard 
for connecting one fiber system to another at the optical 
level. SONET, together with the Synchronous Digital 
Hierarchy (SDH) administered by the ITU-T, forms a 
single international standard for fiber interconnect be
tween telephone networks of different countries. SON ET 
is capable of accommodating a variety of transmission 
rates and applications. 

The SONET standard is a layered protocol with four 
separate layers defined. These are: 

• Photonic 
•Section 
•Line 
•Path 

Figure 2 shows the layers and their functions. Each of 
the layers has overhead bandwidth dedicated to admin
istration and maintenance. The photonic layer simply 
handles the conversion from electrical to optical and 
back with no overhead. It is responsible for transmitting 
the electrical signals in optical form over the physical 
media. The section layer handles the transport of the 
framed electrical signals across the optical cable from 
one end to the next. Key functions of this layer are 
framing, scrambling, and error monitoring. The line 
layer is responsible for the reliable transmission of the 
path layer information stream carrying voice, data, and 
video signals. Its main functions are synchronization, 
multiplexing, and reliable transport. The path layer is 
responsible for the actual transport of services at the 
appropriate signaling rates. 

Data Rates and Signal Hierarchy 

Table 1 contains the data rates and signal designations 
of the SONET hierarchy. The lowest level is the basic 
SON ET signal referred to as the synchronous transport 
signal level-1 (STS-1). An STS-Nsignal is made up of 
Nbyte-interleaved STS-1 signals. The optical counter
part of each STS-N signal is an optical carrier level-N 
signal (OC-N). The S3011 /S3012 chipset supports OC-
3 rates (155.52 Mbit/s). 

Frame and Byte Boundary Detection 

The SONET/SDH fundamental frame format for STS-3 
consists of nine transport overhead bytes followed by 
Synchronous Payload Envelope (SPE) bytes. This pat
tern of 9 overhead and 261 SPE bytes is repeated nine 
times in each frame: Frame and byte boundaries are 
detected using the A 1 and A2 bytes found in the 
transport overhead. (See Figure 3.) 

For more details on SONET operations, refer to the 
ANSI SONET standard document. 
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Figure~SONETStructure 
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Payload to 
SPEmapplng 
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protection, 
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Scrambling, 
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Optical 
transmission 

Path layer 

Unelayer 

Section layer 

"' 
Pholonic layer 1--i 

Layer Overhead 
(Embedded Ops 

Channel) 

Path layer 

Line layer 576 Kbps 

Section layer 192 Kbps 

~ Photonic layer 
Obps 

End Equipment~ End Equipment 

Table 1. SONET Signal Hierarchy 

Elec. ITU-T Optical Data Rate (Mbit/s) 
STS-1 OC-1 51.84 

,. ''· 
STS-9 OC-9 466.56 

STS-12 STM-4 OC-12 622.08 

STS-18 OC-18 933.12 

STS-24 OC·24 1244.16 

STS-36 OC-36 1866.24 

STS-48 STM-16 OC-48 2488.32 

Figure 3. STS-3/0c-3 Frame Format 

L - .•' ,,. 
C1 C1 C1 

\1 
B1 • . E1 • . F1 • . 
01 • . 02 • . 03 • . 

9x261 = 
H1 H1 H1 H2 H2 H2 H3 H3 H3 2349 bytes 

9 B2 B2 B2 K1 • . K2 • . 
Rows 04 •• 05 • . D6 • . 

I 07 • . 08 • . D9. . 
010· . 011. . 012 • . 
Z1 Z1 Z1 Z2Z2Z2E2 • . )L -

Transport Overhead 
//. 

Synchronous Payload 
Envelope 

I 
9Columns 261 Columns 

125 µsec I 
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AMCC 
SONET/SDH/ATM OC-3 TRANSMITTER AND RECEIVER $3011/$3012 

$3011/$3012 OVERVIEW 

The 53011 transmitter and 83012 receiver implement 
SONET/SDH serialization/deserialization, transmission, 
and frame detection/recovery functions. The block dia
grams in Figures 4 and 5 show basic operation of both 
chips. These chips can be used to implement the front 
end of SONET equipment, which consists primarily of 
the serial transmit interface (83011) and the serial 
receive interface (83012). The chipset handles all the 
functions of these two elements, including parallel-to
serial and serial-to-parallel conversion, clock generation 
and recovery, and system timing, which includes man
agement of the datastream, framing, and clock 
distribution throughout the front end. 

Operation of the 83011 /83012 chips is straightforward. 
The sequence of operations is as follows: 

Transmitter 
1 . 8-bit parallel input 
2. Parallel-to-serial conversion 
3. Serial output 

Receiver 
1 . Clock and data recovery from serial input 
2. Frame detection 
3. Serial-to-parallel conversion 
4. 8-bit parallel output 

Figure 4. 53011 Functional Block Diagram 

Internal clocking and control functions are transparent 
to the user. Details of data timing can be seen in Figures 
9 through 14. 

A lock detect feature is provided on the 83012, which 
indicates that the PLL is locked (synchronized) to the 
data stream, and facilitates continuous down-stream 
clocking in the absence of data. 

Suggested Interface Devices 
PMCPM5345 SUNI Saturn User Network Interface 

IGTWAC-013-A SONET LAN A TM Processor 

Fujitsu MBB6683 NTC Network T ermlnatlon Controller 

PMC PM5301 SSTX Section Overhead Transceiver 

Siemens V23806-AB-C1 Fiber Optic Transceiver 

HP HFBR-520X Fiber Optic Transceiver 

CTS ODL-1408 Fiber Optic Transceiver 

Sumitomo SDM4123-XC Fiber Optic Transceiver 

AMP 269039-1 Fiber Optic Transceiver 

Mitsubishi MF-156DS-TR124 Fiber Optic Transceiver 
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AMCC 
$3011/$3012 SONET/SDH/ATM OC-3 TRANSMITTER AND RECEIVER 

Figure 5. 53012 Functional Block Diagram 
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AMCC 
SONET/SDH/ATM OC-3 TRANSMITTER AND RECEIVER S3011/S3012 

S3011 TRANSMITTER 
FUNCTIONAL DESCRIPTION 

The 53011 transmitter chip performs the serializing stage 
in the processing of a transmit SONET STS-3 bit serial 
data stream. It converts the byte serial 19.44 Mbyte/sec 
data stream to bit serial format at 155.52 Mbit/sec. 

A high-frequency bit clock can be generated from a 
19.44 MHz frequency reference by using an integral 
frequency synthesizer consisting of a phase-locked 
loop circuit with a divider in the loop. 

Diagnostic loopback is provided (transmitter to re
ceiver) when used with the compatible S3012. (See 
Other Operating Modes.) 

Clock Synthesizer 

The Clock Synthesizer, shown in the block diagram in 
Figure 4, is a monolithic PLL that generates the serial 
output clock phase synchronized with the input refer
ence clock (REFCLK). 

The REFCLK input must be generated from a TTL 
crystal oscillator which has a frequency accuracy of 
better than 20 ppm in order for the TSCLK frequency to 
have the same accuracy required for operation in a 
SONET system. Lower accuracy crystal oscillators may 
be used in applications less demanding than SONET/SDH. 

The on-chip PLL consists of a phase detector, which 
compares the phase relationship between the VCO 
output and the REFCLK input, a loopfilterwhich converts 
the phase detector output into a smooth DC voltage, 
and a VCO, whose frequency is varied by this voltage. 

The loop filter generates a VCO control voltage based 
on the average DC level of the phase discriminator 
output pulses. A single external clean-up capacitor is 
utilized as part of the loop filter. The loop filter's corner 
frequency is optimized to minimize output phase jitter. 

Timing Generator 

The Timing Generator, seen in Figure 4, provides two 
separate functions. It provides a byte rate version of the 
transmit serial clock, and a mechanism for aligning the 
phase between the incoming byte clock and the clock 
which loads the parallel-to-serial shift register. 

The PCLK output is a byte rate version of transmit serial 
clock at 19.44 MHz. PCLK is intended for use as a byte 
speed clock for upstream multiplexing and overhead 
processing circuits. Using PCLK for upstream circuits will 
ensure a stable frequency and phase relationship be
tween the data coming into and leaving the S3011 device. 

Appliod Micro Circuits Corporation 
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In the parallel-to-serial conversion process, the incom
ing data is passed from the PICLK byte clock timing 
domain to the internally generated byte clock timing 
domain, which is phase aligned to transmit serial clock. 
Although the frequency of PICLK and the internally 
generated byte clock is the same, their phase relation
ship is arbitrary. To prevent errors caused by short 
setup or hold times between the two timing domains, 
the timing generator circuitry monitors the phase rela
tionship between PICLK and the internally generated 
byte clock. Should the magnitude of the phase differ
ence be less than one bit period, and if the SYNC input 
is high, the timing block inverts the internal byte clock. 

Since the inversion of the internal byte clock will corrupt one 
byte of data, SYNC should be held low except when a 
phase correction is desired. When a timing domain phase 
difference of less than one bit period is detected, the 
Phase Alignment Event output (PAE) pulses high for one 
PCLK clock period. If the condition persists, PAE will 
remain high. When PAE conditions occur, SYNC should 
be activated until the condition is no longer present. 

After the S3011 device is reset, two cycles of PICLK are 
required to initialize the internal byte clock. The starting 
point of the internal byte clock is four serial bit times after the 
detected rising edge of PICLK. The relative phase 
betweenPICLKandthePCLKoutputisarbitrary,butitmust 
remain constant with variations within the range of-2 to +3 
bit times (-90" to+ 135°) in order to avoid generating PAE 
pulses. This operating constraint must be observed if 
the SYNC and PAE functions are not used or desired. 

Parallel-to-Serial Converter 

The Parallel-to-Serial converter shown in Figure 4 is 
comprised of two byte-wide registers. The first register 
latches the data from the PIN[7:0] bus on the rising edge 
of PICLK. The second register is a parallel loadable shift 
register which takes its parallel input from the first register. 

An internally generated byte clock, which is phase 
aligned to the transmit serial clock as described in the 
Timing Generator description, activates the parallel 
data transfer between registers. The serial data shifts 
out of the second register and into the output selection 
logic at the transmit serial clock rate. 
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$3012 RECEIVER 
FUNCTIONAL DESCRIPTION 

The S3012 receiver chip provides the first stage of 
digital processing of a receive SONET STS-3 bit-serial 
stream. It converts the bit-serial 155.52 Mbit/sec data 
stream into a 19.44 Mbyte/sec byte-serial data format. 

Clock recovery is performed on the incoming scrambled 
NRZ data stream. A 19.44 MHz reference clock is 
required for phase locked loop start-up and proper 
operation under loss of signal conditions. An integral 
prescaler and phase locked loop circuit is used to 
multiply this reference to the nominal bit rate. 

A loopback mode is provided for diagnostic loopback 
(transmitter to receiver), when used with the compatible 
S3011 device. 

Clock Recovery 

Clock Recovery, as shown in the block diagram in 
Figure 5, generates a clock that is at the same fre
quency as the incoming data bit rate at the RSD or OLD 
inputs. The clock is phase aligned by a PLL so that it 
samples the data in the center of the data eye pattern. 

The phase relationship between the edge transitions of the 
data and those of the generated clock are compared by a 
phase/frequency discriminator. Output pulses from the 
discriminator indicate the required direction of phase 
corrections. These pulses are smoothed byan integral loop 
filter. The output of the loop filter controls the frequency of 
the Voltage Controlled Oscillator (VCO), which generates 
the recovered clock. Frequency stability without incom
ing data is guaranteed by an alternate reference input 
(REFCLK) that the PLL locks onto when data is lost. 

The clock recovery circuit monitors the incoming data 
stream for loss of signal. If the incoming data stream has 
had no transitions for between 96 and 208 bit times 
(depending upon the state of an internal counter at the 
time of lasttransistion), loss of signal is declared and the 
PLL will switch from locking onto the incoming data to 
locking onto the reference clock. Alternatively, the loss
of-signal (LOS) input can be used to force a loss-of-signal 
condition. When set low, LOS squelches the incoming 
data stream, and thus causes the PLL to switch its 
source of reference 64 to 128 bit times afterwards. 
Loss-of-signal condition is removed when LOS is high, 
and good data, with acceptable pulse density and run 
length, returns on the incoming data stream. 

The loop filter transfer function is optimized to enable the 
PLL to track the jitter, yet tolerate the minimum transi
tion density expected in a received SONET data signal. 

3-8 

This transfer function yields a typical capture time of 32 
µs for random incoming NRZ data. A single external 
clean-up capacitor is utilized as part of the loop filter. 

The total loop dynamics of the clock recovery PLL yield 
a jitter tolerance which meets, with ample margin, the 
minimum tolerance proposed for SON ET equipment by 
the T1 X1 .6/91-022 document, shown in Figure 6. 

Figure 6. Clock Recovery Jitter Tolerance 

Jilter 15 
Amplitude 
(Ulpp) 

1.5 

0.15 

Minimum proposed 
tolerance 
(T1X1 .6191-022) 

30 300 6.5k 25k 65k 250k 
Jitter Frequency (Hz) 

Backup Reference Generator 

The Backup Reference Generator seen in Figure 5 
provides backup reference clock signals to the clock 
recovery block when the clock recovery block detects a 
loss of signal condition. It contains a counter that divides 
the clock output from the clock recovery block down to 
the same frequency as the reference clock REFCLK. 

Frame and Byte Boundary Detection 

The Frame and Byte Boundary Detection circuitry 
searches the incoming data for three consecutive A 1 
bytes followed immediately by three consecutive A2 
bytes. Framing pattern detection is enabled and dis
abled by the out-of-frame (OOF) input. Detection is 
enabled by a rising edge on OOF, and remains enabled 
for the duration that OOF is set high. It is disabled when 
a framing pattern is detected and OOF is no longer set 
high. When framing pattern detection is enabled, the 

·framing pattern is used to locate byte and frame bound
aries in the incoming data stream (RSD or OLD). The 
timing generator block takes the located byte boundary 
and uses it to block the incoming data stream into bytes 
for output on the parallel output data bus (POUT[7:0]). 
The frame boundary is reported on the frame pulse (FP) 
output when any 48-bit pattern matching the framing 
pattern is detected on the incoming data stream. When 
framing pattern detection is disabled, the byte boundary is 
frozen to the location found when detection was previously 
enabled. Only framing patterns aligned to the fixed byte 
boundary are indicated on the FP output. 

Applied Micro Circuits Corporarion 
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The probability that random data in an STS-3 stream 
will generate the 48-bit framing pattern is extremely 
small. It is highly improbable that a mimic pattern would 
occur within one frame of data. Therefore, the time to 
match the first frame pattern and to verify it with down
stream circuitry, at the next occurrence of the pattern, 
is expected to be less than the required 250 µs, even for 
extremely high bit error rates. 

Once down-stream overhead circuitry has verified that 
frame and byte synchronization are correct, the OOF 
input can be set low to disable the frame search process 
from trying to synchronize to a mimic frame pattern. 

Serial-to-Parallel Converter 
The Serial-to-Parallel Converter consists of three 8-bit 
registers. The first is a serial-in, parallel-out shift regis
ter, which performs serial to parallel conversion clocked 
by the clock recovery block. The second is an 8-bit 
internal holding register, which transfers data from the 
serial to parallel register on byte boundaries as deter
mined by the frame and byte boundary detection block. 
On the falling edge of the free running POCLK, the data 
in the holding register is transferred to an output holding 
register which drives POUT[7:0]. 

The delay through the Serial-to-Parallel converter can 
vary from 1.5 to 2.5 byte periods (12 to 20 serial bit 
periods) measured from the first bit of an incoming byte 
to the beginning of the parallel output of that byte. The 
variation in the delay is dependent on the alignment of 
the internal parallel load timing, which is synchronized 
to the data byte boundaries, with respect to the falling 

Figure 7. Loopback Diagram 
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edge of POCLK, which is independent of the byte 
boundaries. The advantage of this serial to parallel 
converter is that POCLK is neither truncated nor ex
tended during reframe sequences. 

OTHER OPERATING MODES 

Diagnostic Loopback 

The Diagnostic Loopback consists of alternate serial 
data outputs (in the case of the 83011) and inputs (in the 
case of the S3012). 

On the S3011, the differential PECL output OLD pro
vides Diagnostic Loopback serial data. When the 
Diagnostic Loopback Enable (DLEB) input and 
TSCLKSEL are low, this data output is a replica of TSO. 
When OLD is connected to the S3012, a loopback from 
the transmitter to the receiver at the serial data rate can 
be set up for diagnostic purposes. When DLEB is high 
and TSCLKSEL is low, OLD is held in the inactive state, 
with the positive output high and the negative output 
low. In the inactive state, there will be no interference 
from the transmitter to the receiver. 

On the receiver side, the differential PECL input OLD is 
the Diagnostic Loopback serial data input. When the 
Diagnostic Loopback Enable (DLEB) input is set low, 
the OLD input is routed in place of the normal data 
stream (RSD). 

83012 
r--

j .!.! i5 
:0"' 
i ~ -8. 
!.!!! 8 

[_ ~..-----------, 
83011 

Data Out 
CLK 

Data In 
Control 
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53011 Transmitter Pin Assignment and Descriptions 

Pin Name Level VO 

PIN7 TTL I 
PIN6 
PINS 
PIN4 
PIN3 
PIN2 
PIN1 
PINO 

PICLK TTL I 

TESTEN TTL I 

SYNC TTL I 

REFCLK TTL I 

DLEB TTL I 

RSTB TTL I 

TSCLKSEL TTL I 

TESTRST TTL I 

CAP1 - I 
CAP2 

TSDP Diff. 0 
TSDN PECL 
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Pin # 

36 
35 
31 
30 
28 
26 
25 
17 

16 

6 

45 

75 

50 

15 

46 

51 

3 
78 

73 
71 

Description 

Parallel data input, a 19.44 Mbyte/sec word, aligned to the 
PICLK parallel input clock. PIN7 is the most significant bit 
(corresponding to bit 1 of each PCM word, the first bit 
transmitted). PINO is the least significant bit (corresponding to bit 
8 of each PCM word, the last bit transmitted). PIN(7-0) is 
sampled on the rising edge of PICLK. 

Parallel input clock, .a 19.44 MHz nominally 50% duty cycle input 
clock, to which PIN(7-0) is aligned. PICLK is used to transfer the 
data on the PIN inputs into a holding register in the parallel-to-
serial converter. The rising edge of PICLK samples PIN(7-0). 
After a Master Reset two rising edges of PICLK are required to 
fully initialize the internal datapath. 

Test clock enable signal, set high to provide access to the PLL 
during production tests. 

Active high synchronization enable input that enables the timing 
generator to invert the internal byte transfer clock if transfers 
from the PIN(7-0) input holding register are occurring less than 
one bit period before or after clocking new data into the holding 
register. The SYNC pin is an asynchronous input. 

Input used as the reference for the internal bit clock frequency 
synthesizer. 

Diagnostic loopback enable signal. Enables the OLD output 
when low and TSCLKSEL is low. When DLEB is high, the OLD 
output is held in the inactive state to prevent interference 
between the transmit and receive devices. 

Reset input for the device, active low. 

Active high transmit clock select input which, when enabled, 
directs the transmit serial clock through the DLDP/N output. 

Used to reset portions of the clock recovery PLL during 
production testing. Held low for normal operation. 

The loop filter capacitor is connected to these pins. The 
capacitor value should be 0.01 µf :1:10% tolerance, X7R dielectric. 
50 Vis recommended (16 Vis acceptable). 

Serial data stream signals. Normally connected to an optical 
transmitter module. 

Applied Micro Circuits Corporation 
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53011 Transmitter Pin Assignment and Descriptions (Continued} 

Pin Name Level 110 Pin# Description 

DLDP Diff. 0 69 Serial data stream signals, normally connected to a companion 
DLDN PECL 67 S3012 device for diagnostic loopback purposes. They are held 

inactive when DLEB is high and TSCLKSEL is low. The serial 
data stream is output when DLEB is low and TSCLKSEL is low. 
When enabled by the TSCLKSEL input, the transmit serial clock 
will be output through this pin. The transmit serial clock is a 
buffered version of the internal frequency synthesizer clock, • which is phase-aligned with the TSD output signal. The TSO is 
updated on the falling edge of the transmit serial clock. 

PCLK 0 10 A reference clock generated by dividing the internal bit clock by 
CMOS eight. It is normally used to coordinate byte-wide transfers 

between upstream logic and the S3011 device. 

PAE TTU 0 44 Phase alignment event signal, that pulses high during each 
CMOS PCLK cycle for which there is less than one bit period between 

the internal byte clock and PICLK timing domains. PAE is 
updated on the falling edge of the PCLK outputs. 

+5V +5V - 7, 14, 27, Digital +5V 
34, 47, 

54 

TGND GND - 76 TTL Ground (Digital OV) 

TTLVCC +5V - 23,38 TTL Power Supply (+5V if TTL) 

A+5V +5V - 5, 56, 66, Analog +5V 
74 

AGND GND - 4, 57, 64, Analog OV 
72 

ECLIOVCC +5V - 24,37 Digital +5V 

IOGND GND - 18,43 Digital OV 

GND GND - 1, 2, 8, Digital OV 
13, 19, 
20, 21, 
22, 29, 
32, 39, 
40, 41, 
42, 48, 
53, 59, 
60, 61, 
62, 79, 

80 
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53011 Transmitter Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 

NC - -

3-12 

Pin# 

9, 11, 12, 
33, 49, 
52, 55, 
58, 63, 
65, 68, 
70, 77 

Description 

Not connected 

Applied Micro Circuits Corporation 
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53012 Receiver Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin # Description 

RSDP Diff. I 63 Serial data stream signals normally connected to an optical 
RSDN PECL 65 receiver module. A clock is recovered from transitions on the 

RSD inputs. 

DLDP Diff. I 67 Serial data stream signal, normally connected to a companion 
DLDN PECL 69 S3011 device for diagnostic loopback purposes. Clock is 

recovered from transitions on the DLD inputs while in diagnostic • loopback. 

DLEB TTL I 51 Selects diagnostic loopback. When DLEB is high, the S3012 
device uses the primary data (RSD) input. When low, the S3012 
device uses the diagnostic loopback data (DLD) input, and the 
LOS signal is disabled. 

TESTEN TTL I 6 Test clock enable signal, set high to provide access to the PLL 
during production tests. 

OOF TTL I 10 Out of frame indicator used to enable framing pattern detection 
logic in the S3012. This logic is enabled by a rising edge on 
OOF, and remains enabled until frame boundary is detected or 
when OOF is set low, whichever is longer. OOF is an 
asynchronous signal with a minimum pulse width of one POCLK 
period. (See Figures 13 and 14.) 

LOS PECL I 9 An active-low, single-ended 10K ECL input to be driven by the 
external optical receiver module to indicate a loss of received 
optical power (Loss of Signal). When LOS is low, the data on 
the Serial Data In (RSDP/N) pins will be internally forced to a 
constant zero, LOCKDET will be forced low, and the PLL will 
lock to the REFCKINP/N inputs. When DLEB is low, LOCKDET 
remains high if there are transitions on DLDP/N for either state 
of LOS. This signal must be used to assure correct automatic 
reacquisition to serial data following an interruption and 
subsequent reconnection of the optical path. (This ensures that 
the PLL does not "wander" out of reacquisition range by tracking 
the random phase/frequency content of the optical detector's 
noise floor while monitoring "dark" fiber.) When LOS is high, 
data on the RSDP/N pins will be processed normally. 

REFCLK TTL I 75 Input normally used as the reference for the integral clock 
recovery PLL. 

TESTA ST TTL I 49 Used to reset portions of the clock recovery PLL during 
production testing. Held low for normal operation. 

RSTB TTL I 50 Reset input for the device, active low. Initializes the device to a 
known state and forces the PLL to acquire to the reference 
clock. A reset of at least 16 ms should be applied at power-up 
and whenever the user wishes to force the PLL to re-acquire to 
the reference clock. The S3012 will also re-acquire to the 
reference clock if the serial data input is held quiescent for at 
least 16 ms. 
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53012 Receiver Pin Assignment and Descriptions (Continued} 

Pin Name Level 110 

CAP1 - I 
CAP2 

POUT? TTU 0 
POUT6 CMOS 
POUTS 
POUT4 
POUT3 
POUT2 
POUT1 
POUTO 

FP TTU 0 
CMOS 

POCLK TTU 0 
CMOS 

LOCKDET TTL 0 

+5V +5V -

TGND GND -

TTLVCC +5V -

A+5V +5V -

AGND GND -

ECLIOVCC +5V -

IOGND GND -

3-14 

Pin# 

3 
78 

16 
17 
25 
26 
28 
35 
36 
44 

12 

45 

52 

7,14,27, 
34, 47, 

54 

76 

23,38 

5, 56, 66, 
70 

4, 57, 64, 
68 

24,37 

18,43 

Description 

The loop filter capacitor is connected to these pins. The 
capacitor value should be 0.1 µf ±10% tolerance, X7'R dielectric. 
50 V is recommended (16 V is acceptable). 

Parallel data output, a 19.44 Mbyte/sec word, aligned to the 
POCLK parallel output clock. POUT? is the most significant bit 
(corresponding to bit 1 of each PCM word, the first bit received). 
POUTO is the least significant bit (corresponding to bit 8 of each 
PCM word, the last bit received). POUT(7-0) is updated on the 
falling edge of POCLK. 

Frame pulse. Indicates frame boundaries in the incoming data 
stream (RSD). If framing pattern detection is enabled, as 
controlled by the OOF input, FP pulses high for one POCLK 
cycle when a 48-bit sequence matching the framing pattern is 
detected on the RSD inputs. When framing pattern detection is 
disabled, FP pulses high when the incoming data stream, after 
byte alignment, matches the framing pattern. FP is updated on 
the falling edge of POCLK. 

Parallel output clock, a 19.44 MHz nominally 50% duty cycle, 
byte rate output clock, that is aligned to POUT(7-0) byte serial 
output data. POUT(7-0) and FP are updated on the falling edge 
of POCLK. 

Clock recovery indicator. Set high when the internal clock 
recovery has locked onto the incoming data stream. LOCKDET 
is an asynchronous output. 

Digital +5V 

TTL Ground (Digital OV) 

TTL Power Supply (+5V if TTL) 

Analog +5V 

Analog OV 

Digital +5V 

Digital OV 
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53012 Receiver Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 Pin # Description 

ITPWR +5V - 31,46 Digital +5V 

ITGND GND - 11, 15, Digital OV 
30,33 

GND GND - 1, 2, 8, Digital OV 
13, 19, • 20, 21, 
22, 29, 
32, 39, 
40, 41, 
42, 48, 
53, 59, 
60, 61, 
62, 79, 

80 

NC - - 55, 58, Not connected 
71, 72, 
73, 74, 

77 
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Figure 8. 80 PQFP Package 
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Performance Specifications 

Parameter Min Typ Max Units Condition 

Nominal VCO 
622.08 MHz 

Center Frequency 

PECL Data Output Jitter 
In CSU mode, given 56 ps rms 
jitter on REFCLK in 12KHz to 

64 ps (rms) 
1 MHz band 

Reference Clock Frequency 
Tolerance Required to meet SONET/ATM • lock Synthesis {S3011) -20 +20 ppm output frequency specification 

lock Recovery (S3012) -100 +100 ppm 

OC-3/STS-3 

Capture Range ±200ppm With respect to fixed reference 
Lock Range +8%, -12% frequency 
Clock Output 

Duty Cycle 48 52 o/oofUI Minimum transition density of 
20% 

Acquisition Lock Time 64.0 µsec 
With device already powered up 
and valid REFCLK 

Reference Clock 
30 70 .% of period 

Input Duty Cycle 

Reference Clock Rise & Fall 
5.0 

Times 
ns 10% to 90% of amplitude 

PECL Output Rise & Fall 
600 ps 

20% to 80%, 50 to VCC -2 
Times equivalent load, 5 pf cap 

Applied Micro Circuits Corporation 
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Absolute Maximum Ratin_g_s 
PARAMETER 

case Temperature under Blas 
Junction Temperature under Bias 
Stor~ Temperature 
Voltage on VCC wlth Respect to GND 
Vol~ on~ TTL Input Pin 
Voltage on Any PECL Input Pin 
TTL Output Sink Current 
TTL Output source Current 
High Speed PECL Output Source 

Current 
Static Discharge Voltage 

Recommended Operating 
Conditions 

PARAMETER 

Ambient Temperature under Bias 
Junction Temperature under Bias 
Voltage on VCC with Respect to GND 

Voltage on AnJ'... TTL l~ut Pin 
Voltage on ~PECL Input Pin 
83011 ICC 
83012 ICC 

3-18 

Min Typ Max Unit 
-55 125 •c 
-55 150 •c 
4>5 150 •c 
-0.5 +7.0 v 
-0.5 +5.5 v 
VCc-3 vcc v 

20 mA 
10 mA 

50 mA 
500 v 

Min Typ Max Unit 

0 70 •c 
20 125 •c 
4.75 5.0 5.25 v 
0 vcc v 

VCC-2 vcc v 
210 mA 
270 mA 
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TTUCMOS Input/Output DC Characteristics (T. = 0°C to +70°C, Vee= 5 V ±5%) 

Symbol Parameter Min Typ Max Unit 
V1L1 Input LOW Voltage 0.8 Volts 

V1H1 Input HIGH Voltage 2.0 Volts 

l1L Input LOW Current -400.0 µA 

l1H Input HIGH Current 50.0 µA 

11 Input HIGH Current at 1.0 mA 
MaxVCC 

ios Output Short Circuit Current -100.0 -25.0 mA 

V1K Input Clamp Diode Voltage -1.2 Volts 

VoL Output LOW Voltage 0.5 Volts 

VoH Output HIGH Voltage 2.7 Volts 

1. These input levels provide zero noise immunity and should only be tested in a static, noise-free 
environment. 

Conditions 
Guaranteed Input LOW Voltage 

Guaranteed Input HIGH Voltage 

Vee= MAX, V1N = 0.5V 

Vee= MAX, V1N = 2.7V 

Vee= MAX, V1N = 5.5V 

Vee= MAX, VouT = 0.5V 

Vee= MIN, IJN = -18 ma 

Vee= MIN, loL = 8 ma 

Vee= MIN, loH = -1 ma 

PECL Input/Output DC Characteristics 1•2 (T. = 0°c to +70°C, Vee= 5 V ±5%) 

Symbol Parameter Min Typ Max 

VJL Input LOW Voltage Vcc-2.000 Vee -1.450 

V1H Input HIGH Voltage Vee -1.100 vcc-0.600 

V1L Input LOW Voltage vcc-2.000 Vee -0.100 

VJH Input HIGH Voltage vcc-1.150 vcc ·0.450 

VJD Input Diff. Voltage 0.250 0.500 1.400 

lfH Input High Current -0.500 20.000 

l1L Input Low Current -0.500 20.000 

VOL Output LOW Voltage vcc-2.000 Vee -1.565 

VoH Output HIGH Voltage Vee -1.010 Vcc ·0.695 

VoD Output Diff. Voltage 0.495 1.305 

1. These conditions will be met with no airflow. 
2. When not used, tie the positive differential PECL pin to V cc and the negative 

differential ECL pin to ground via a 3.9K resistor. 

Applied Micro Circuits Corporation 
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Unit Conditions 

Volts Guaranteed Input LOW Voltage 
for single-ended inputs 

Volts Guaranteed Input HIGH Voltage 
for single-ended inputs 

Volts 
Guaranteed Input LOW Voltage 
for differential inputs 

Volts 
Guaranteed Input HIGH Voltage 
for differential inputs 

Volts Differential Input Voltage 

µA Vm=500mV 

µA Vm=500mV 

Volts 50 ohm termination to Vee -2V 

Volts 50 ohm termination to Vee -2V 

Volts Differential Output Voltage 
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Table 2. 53011 AC Timing Characteristics (TA= O'C to +70'C, V cc = 5 V ±5%) 

Symbol 

tSPIN 

tHPIN 

IPPAE1 

3-20 

Descr~ion Min Max 
TSCLK Frequency 156 

TSCLK Duty Cycle 40 60 

PIN [7:0) Set-up Time w.r.t. PICLK 5 

PIN [7:0] Hold Time w.r.t. PICLK 5 

PCLK Low to PAE Valid Propagation Delay 10 

PICLK Duty Cycle 35 65 

Figure 9. PIN AC Input Timing 

PICLK 

PIN[7:0] 

1. When a set-up time is specified on TTL signals between an Input and a clock, 
the set-up time is the time In nanoseccnds from the 50% point of the input to 
the 50% point of the clock. 

2. When a hold time is specified on TTL signals between an input and a clock, 
the hold time is the time in nanoseconds from the 50% point of the clock to 
the 50% point of the input. 

Figure 10. PAE Output Timing 

PCLK 

PAE 

Notes on TTL Output Timing 
1. Output propagation delay time is the time In nanoseccnds from the 50% point 

of the reference signal to the 30% or 70% point of the output. 
2. Maximum output propagation delays are measured with a 15 pF load on the 

outputs. 

Units 
MHz 

% 

ns 

ns 

ns 

% 
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Table 3. 53012 AC Timing Characteristics 
Symbol 

IP POUT 

IP.,. 

Description Min 

POCLK Duty Cycle 40 

POCLK Low to POUT[7:0] Valid Prop. Delay 

POCLK Low to FP Valid Propagation Delay 

RSD Minimum Pulse Width 1.6 

Figure 11. Output Timing Diagram 

POCLK 

POUT[7:0] 

Notes on Output Timing: 
1. Output propagation delay time of TTL outputs Is the time In nanoseconds 

from the 50% point of the reference signal to the 30% or 70% point of the 
output. 

2. Maximum output propagation delays of TTL outputs are measured with a 
15 pf load and 500 ohms to ground on the outputs. 
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Max Units 

60 % 

15 ns 

15 ns 

ns 
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RECEIVER FRAMING 

Figure 12 shows a typical reframe sequence in which a 
byte realignment is made. The frame and byte bound
ary detection is enabled by the rising edge of OOF and 
remains enabled while OOF is high. Both boundaries 
are recognized upon receipt of the third A2 byte which 
is the first data byte to be reported with the correct byte 
alignment on the outgoing data bus (POUT[7:0]). Concur
rently, the frame pulse is set high for one POCLK cycle. 

When interfacing with a section terminating device, the 
OOF input remains high for one full frame after the first 
frame pulse while the section terminating device verifies 
intemally1hat the frame and byte alignment are correct, as 
shown in Figure 13. Since at least one framing pattern 
has been detected since the rising edge of OOF, 
boundary detection is disabled when OOF is set low. 

Figure 12. Frame and Byte Detection 

RECOVERED 
CLOCK/ 
REFCLK 

OOF 

SERDATI 

The frame and byte boundary detection block is activated 
by the rising edge of OOF, and stays active until the first 
FP pulse or until OOF goes low, whichever occurs last. 
Figure 13 shows a typical OOF timing pattern which 
occurs when the 83012 is connected to a down stream 
section terminating device. OOF remains high for one 
full frame after the first FP pulse. The frame and byte 
boundary detection block is active until OOF goes low. 

Figure 14 shows the frame and byte boundary detection 
activation by a rising edge of OOF, and deactivated by 
the first FP pulse. 

A1 I A1 I A1 I A2 A2 A2 I A2 I A2 

·1· r1 NOTE1 

POUT17~~~---'~~-L.~A-1--'~A-1---l.__A_1_,,,~A2~_._~A2~...._-A2~_._l_A2_(28H)~~'~ 
llNWD DA1ll. ~~~~~~~~-~1--· VALID_., 

I DICl'A 

I 

POCLK 

I 

FP ~~~~~~~~~~~~~r-i__ 

Figure 13. OOF Operation Timing with SSTX 

BOUNDARY DETECTION ENABLED __.....; 

OOF ____J;-' --------------,L 
FF 
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NOTE 1: Range of Input to output delay can be 1.5 to 2.5 POCLK cycles 

Figure 14. Alternate OOF Timing 

:.----- BOUNDARY DETECTION ENABLED ---...: 

' ' ' OOF---~~-----------~'~ 
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Ordering Information 

GRADE TRANSMITTER PACKAGE 

S - commercial 3011 A-80 PQFP 

• GRADE RECEIVER PACKAGE 

S - commercial 3012 A-80 PQFP 

I 
x xxxx x 

Grade Part number Package 
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DEVICE SPECIFICATION 
AMCC® 

ATM 622 MBIT/S TRANSMITTER AND RECEIVER S3020/S3021 

FEATURES 
• Complies with ANSI, Bellcore, and ITU-T 

specifications 
• On-chip high-frequency PLL for clock 

generation and clock recovery 
• Supports 622.08 MbiVs (OC-12/STM-4) 
• Reference frequencies of 19.44 and 

77.76 MHz 
• Interface to both PECL and TTL logic 
• 8-bit TTL datapath 
• Compact 52 PQFP TEP package 
• Diagnostic loopback mode 
• Lock detect 
• Low jitter PECL interface 
• < 2.0W per set typically 

APPLICATIONS 
• A TM adapter cards 
• ATM switches, hubs, routers 
• ATM over SONET/SDH 
• ATM test equipment 
• Fiber optic terminators 
• Fiber optic test equipment 

Figure 1. System Block Diagram 

Network 
Interface 

Processor 
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GENERAL DESCRIPTION 

The S3020/S3021 ATM transmitter and receiver chips 
are fully integrated serialization/deserialization ATM 
622 MbiVs interface devices. The chipset performs all 
necessary serial-to-parallel and parallel-to-serial func-
tions in conformance with ATM transmission standards. • 
The devices are suitable for SON ET-based ATM appli-
cations. Figure 1 shows a typical network application. 

On-chip clock synthesis is performed by the high-
frequency phase-locked loop on the S3020 transmitter 
chip allowing the use of a slower external transmit clock 
reference. Clock recovery is performed on the S3021 
receiver chip by synchronizing its on-chip VCO directly 
to the incoming data stream. The S3021 also performs 
ATM frame detection. The chipset can be used with a 
19.44 or 77.76 MHz reference clock, in support of 
existing system clocking schemes. 

The low jitter PECL interface guarantees compliance 
with the bit-error rate requirements of the Bellcore, 
ANSI, a.nd ITU-Tstandards. The S3020 and S3021 are 
packaged in a compact 52 PQFP, offering designers a 
small package outline. 

Network 
Interface 

Processor 
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S3020/S3021 OVERVIEW 

The S3020 transmitter and S3021 receiver implement 
ATM serialization/deserialization, transmission, and 
frame detection/recovery functions. The block diagrams 
in Figures 2 and 3 show basic operation of both chips. 
These chips can be used to implement the front end of 
ATM equipment, which consists primarily of the serial 
transmit interface (S3020) and the serial receive inter
face (S3021 ). The chipset handles all the functions of 
these two elements, including parallel-to-serial and 
serial-to-parallel conversion, clock generation and re
covery, and system timing. The system timing circuitry 
consists of management of the datastream, framing, 
and clock distribution throughout the front end. 

Operation of the S3020/S3021 chips is straightforward. 
The sequence of operations is as follows: 

Transmitter 

1 . 8-bit parallel input 
2. Parallel-to-serial conversion 
3. Serial output 

Receiver 
1 . Clock and data recovery from serial input 
2. Frame detection 
3. Serial-to-parallel conversion 
4. 8-bit parallel output 

Internal clocking and control functions are transparent 
to the user. Details of data timing can be seen in Figures 
7 through 12. 

Figure 2. 53020 Functional Block Diagram 

A lock detect feature is provided on the S3021, which 
indicates that the PLL is locked (synchronized) to the 
data stream, and facilitates continuous down-stream 
clocking in the absence of data. 

Suggested Interface Devices 
PMC PM5312 STTX SONET/SDH Transport Term. Transceiver 

PMC PM5355 SUNl-622 Satum User Network Interface 

AT&T ASTROTEC1227/1230 650 MbiVs Fiber Optic Transmitter 

Mitsubishi MF-622DF-T12-XXX 622 MbiVs Fiber Optic Transmitter 

Sumitomo ES-9304-TD 622 MbiVs Fiber Optic Transmitter 

AT&T ASTROTEC 1310 650 MblVs Fiber Optic Receiver 

Mitsubishi MF-622DS-R1X-XXX 622 MbiVs Fiber Optic Receiver 

Sumitomo ES-9216-RD 622 MbiVs Fiber Optic Receiver 

Finisar 1000 MbiVs Fiber Optic Transceiver 

53020 TRANSMITTER FUNCTIONAL 
DESCRIPTION 

The S3020 transmitter chip performs the serializing stage 
in the processing of a transmit ATM 622 Mbit/s serial 
data stream. It converts the byte serial 77. 76 Mbyte/sec 
data stream to bit serial format at 622.08 Mbit/sec. 

A high-frequency bit clock can be generated from a 
19.44 MHz or a 77.76 MHz frequency reference by 
using an integral frequency synthesizer consisting of a 
phase-locked loop circuit with a divider in the loop. 

Diagnostic loopback is provided (transmitter to receiver) 
when used with the compatible S3021. (See Other 
Operating Modes.) 

TSCLKSEL--------------~ 
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LOCLPEN-------------~ 

PIN[7:0] 

PICLK 

TSTCLKEN 

REFSEL 

REFCKINP/N 

RSTB- CAP1 

TESTRST-

8:1 PARALLEL 
TO SERIAL 

TIMING 
GEN 

CLOCK 
SYNTHESIZER 

CAP2 

LPDATOP/N 

,_...--+-_ _.,.__.SERDATOP/N 

i--+--------PCLK 
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Clock Synthesizer 

The Clock Synthesizer, shown in the block diagram in 
Figure 2, is a monolithic PLL that generates the serial 
output clock phase synchronized with the input refer
ence clock (nEFCKINP/N). 

The REFCKINP/N input must be generated from a 
differential PECL crystal oscillator which has a fre
quency accuracy of better than 20 ppm in order for the 
TSCLK frequency to have the accuracy required for 
operation in an ATM system. 

The on-chip PLL consists of a phase detector, which 
compares the phase relationship between the VCO output 
and the REFCKINP/N input, a loop filter which converts 
the phase detector output into a smooth DC voltage, 
and a VCO, whose frequency is varied by this voltage. 

The loop filter generates a VCO control voltage based 
on the average DC level of the phase discriminator 
output pulses. A single external clean-up capacitor is 
utilized as part of the loop filter. The loop filter's corner 
frequency is optimized to minimize output phase jitter. 

Timing Generator 

The Timing Generation function, seen in Figure 2, 
provides a byte rate version of the transmit serial clock. 
This circuitry also provides an internally generated load 
signal, which transfers the PIN[7:0] data from the paral
lel input register to the serial shift register. 

Figure 3. 53021 Functional Block Diagram 

LOS -------.-

The PCLK output is a byte rate version of transmit serial 
clock at 77.76 MHz. PCLK is intended for use as a byte 
speed clock for upstream multiplexing and overhead 
processing circuits. Using PCLK for upstream circuits will 
ensure a stable frequency and phase relationship between 
the data coming into and leaving the S3020 device. 

Parallel-to-Serial Converter 

The Parallel-to-Serial converter shown in Figure 2 is com- • 
prised of two byte-wide registers. The first register latches 
the data from the PIN[7:0) bus on the rising edge of PICLK. 
The second register is a parallel loadable shift register 
which takes its parallel input from the first register. 

The load signal, which latches the data from the parallel 
to the serial shift register, has a fixed relationship to 
PCLK. If PICLK is tied to PCLK, the PIN[7:0] data 
latched into the parallel register will meet the timing 
specifications with respect to the load signal. If PICLK 
is not tied to PCLK, the delay must meet the timing 
requirements shown in Figure 7, and PICLK must be 
frequency locked to the reference clock input. 

1:8 SERIAL 
TO PARALLEL 

....._...,.__ .... POUT(7:0] 

OOF ------+-++---t 1----- POCLK 

REFSEL ---------i 

FRAME 
BYTE 

DETECT1------- FP 

CLOCK 
RECOVERY >-----+ LOCKDET 

REFCKINP/N --r------"L-~-~-....J 

TSTCLKEN -----------' APl 

RSTB-
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53021 RECEIVER /FUNCTIONAL 
DESCRIPTION 

The S3021 receiver chip provides the first stage of 
digital processing of a receive ATM 622 Mbit/s bit-serial 
stream. It converts the bit-serial 622.08 Mbit/sec data 
stream into a 77.76 Mbyte/sec byte-serial data format. 

Clock recovery is performed on the incoming scrambled 
NRZ data stream. A 77.76 MHz reference clock is 
required for phase locked loop start-up and proper 
operation under loss of signal conditions. An integral 
prescaler and phase locked loop circuit is used to 
multiply this reference to the nominal bit rate. 

A loopback mode is provided for diagnostic loopback 
(transmitter to receiver), when used with the compatible 
S3020 device. 

Clock Recovery 

The Clock Recovery PLL, as shown in the block diagram 
in Figure 3, generates a clock that is atthe same frequency 
as the incoming data bit rate atthe SERDA Tl or LPDATI 
inputs. The clock is phase aligned by a PLL so that it 
samples the data in the center of the data eye pattern. 

The phase relationship between the edge transitions of the 
data and those of the generated clock are compared by a 
phase/frequency discriminator. Output pulses from the 
discriminator indicate the required direction of phase 
corrections. These pulses are smoothed by an integral loop 
filter. The output of the loop filter controls the frequency 
of the Voltage Controlled Oscillator (VCO), which gen
erates the recovered clock. Frequency stability without 
incoming data is guaranteed by an alternate reference 
input (REFCKIN) thatthe PLL locks onto when data is lost. 

The clock recovery circuit monitors the incoming data 
stream for loss of signal. If the incoming data stream has 
had no transitions for between 96 and 224 bit times 
(depending upon the state of an internal counter at the 
time of last transistion), loss of signal is declared and the 
PLL will switch from locking onto the incoming data to 
locking onto the reference clock. Alternatively, the loss-of
signal (LOS) input can be used to force a loss-of-signal 
condition. When set low, LOS squelches the incoming 
data stream, and thus causes the PLL to switch its 
source of reference within 128 bit times afterwards. 
Loss-of-signal condition is removed when LOS is high, 
and good data, with acceptable pulse density and run 
length, returns on the incoming data stream. 

3-28 

The loop filter transfer function is optimized to enable the 
PLL to track the jitter, yet tolerate the minimum transi
tion density expected in a received ATM data signal. 
This transfer function yields a typical capture time of 16 
µs for random incoming NRZ data. A single external 
clean-up capacitor is utilized as part of the loop filter. 

The total loop dynamics of the clock recovery PLL yield 
a jitter tolerance which meets, with ample margin, the 
minimum tolerance proposed by the Bellcore TA-NWT-
000253 standard, shown in Figure 4. 

Figure 4. Clock Recovery Jitter Tolerance 

Jitter 15 
Amplitude 
(UI p-p) 

1.5 

0.15 

Minimum proposed\ 
tolerance 
(TA-NWT-000253) 

ATM 
622 Mbit/s 

30 300 6.Sk 25k 65k 250k 
Jitter Frequency (Hz) 

Backup Reference Generator 

The Backup Reference Generator seen in Figure 3 
provides backup reference clock signals to the clock 
recovery block when the clock recovery block detects a 
loss of signal condition. It contains a counter that 
divides the clock output from the clock recovery block 
down to the same frequency as the reference clock 
REFCKINP/N. 

Frame and Byte Boundary Detection 

The Frame and Byte Boundary Detection circuitry 
searches the incoming data for three consecutive A 1 
bytes followed immediately by three consecutive A2 
bytes. Framing pattern detection is enabled and dis
abled by the out-of-frame (OOF) input. Detection is 
enabled by a rising edge on OOF, and remains enabled for 
the duration that OOF is set high. It is disabled when a 
framing pattern is detected and OOF is no longer set 
high. When framing pattern detection is enabled, the 
framing pattern is used to locate byte and frame bound
aries in the incoming data stream (SERDATl or LPDATI). 
The timing generator block takes the located byte 
boundary and uses it to block the incoming data stream 
into bytes for output on the parallel output data bus 
(POUT[7:0]). The frame boundary is reported on the 
frame pulse (FP) output when any 48-bit pattern match
ing the framing pattern is detected on the incoming data 
stream. When framing pattern detection is disabled, the 
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byte boundary is frozen to the location found when 
detection was previously enabled. Only framing pat
terns aligned to the fixed byte boundary are indicated on 
the FP output. 

The probability that random data in an ATM 622 Mbit/s 
stream will generate the 48-bit framing pattern is ex
tremely small. It is highly improbable that a mimic 
pattern would occur within one frame of data. There
fore, the time to match the first frame pattern and to 
verify it with down-stream circuitry, at the next occur
rence of the pattern, is expected to be less than the 
required 250 µs, even for extremely high bit error rates. 

Once down-stream overhead circuitry has verified 
that frame and byte synchronization are correct, the OOF 
input can be set low to disable the frame search process 
from trying to synchronize to a mimic frame pattern. 

Serial-to-Parallel Converter 

The Serial-to-Parallel Converter consists of three 8-bit 
registers. The first is a serial-in, parallel-out shift reg
ister, which performs serial to parallel conversion 
clocked by the clock recovery block. The second is 
an 8-bit internal holding register, which transfers data 
from the serial-to-parallel register on byte boundaries 
as determined by the frame and byte boundary de
tection block. On the falling edge of the free running 
POCLK, the data in the holding register is transferred 
to an output holding register which drives POUT[7:0]. 

The delay through the Serial-to-Parallel converter can 
vary from 1.5 to 2.5 byte periods (12 to 20 serial bit 
periods) measured from the first bit of an incoming 
byte to the beginning of the parallel output of that 

Figure 5. Interface Diagram 

Data In 
Control 

Data Out 
CLK 
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byte. The variation in the delay is dependent on the 
alignment of the internal parallel load timing, which is 
synchronized to the data byte boundaries, with re
spect to the falling edge of POCLK, which is indepen
dent of the byte boundaries. The advantage of this 
serial to parallel converter is that POCLK is neither 
truncated nor extended during reframe sequences. 

OTHER OPERATING MODES 

Diagnostic Loopback 

The Diagnostic Loopback consists of alternate serial 
data outputs (in the case of the S3020) and inputs (in 
the case of the S3021 ). 

On the S3020, the differential PECL output LPDATO 
provides Diagnostic Loopback serial data. When the 
Local Loopback Enable (LOCLPEI\) input and 
TSCLKSEL are low, this data output is a replica of 
SERDATO. When LPDATO is connected to the S3021, 
a loopback from the transmitter to the receiver at the 
serial data rate can be set up for diagnostic purposes. 
When LOCLPEN is high and TSCLKSEL is low, 
LPDATO is held in the inactive state, with the positive 
output high and the negative output low. In the inac
tive state, there will be no interference from the trans
mitter to the receiver. 

On the receiver side, the differential PECL input 
LPDATI is the Diagnostic Loopback serial data input. 
When the Local Loopback Enable (LOCLPEN) input 
is set low, the LPDATI input is routed in place of the 
normal data stream (SERDATI). 

,---
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53020 Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin # 

PIN7 TTL I 33 
PIN6 31 
PINS 30 
PIN4 29 
PIN3 23 
PIN2 22 
PIN1 20 
PINO 19 

PICLK TTL I 12 

TSTCLKEN TTL I 4 

REFCKINP Diff. I 49 
REFCKINN PECL 48 

LOCLPEN TTL I 8 

RSTB TTL I 9 

TSCLKSEL TTL I 35 

TESTRST TTL I 11 

REFS EL TTL I 7 

CAP1 - I 1 
CAP2 52 

SERDATOP Diff. 0 47 
SERDATON PECL 45 
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Description 

Parallel data input, a 77.76 Mbyte/sec word, aligned to the 
PICLK parallel input clock. PIN7 is the most significant bit 
(corresponding to the first bit transmitted). PINO is the least 
significant bit (corresponding to the last bit transmitted). PIN(7-0) 
is sampled on the rising edge of PICLK. 

Parallel input clock, a 77.76 MHz nominally 50% duty cycle input 
clock, to which PIN(7-0) is aligned. PICLK is used to transfer the 
data on the PIN inputs into a holding register in the parallel-to-
serial converter. The rising edge of PICLK samples PIN(7-0). 

Test clock enable signal, active high, that enables the reference 
clock to be used in place of the VCO for testing. Allows a means 
of testing the functions of the chip without the use of the PLL. 
Set low for normal operation. 

Input used as the reference for the internal bit clock frequency 
synthesizer. 

Local loopback enable signal. Enables the LPDATO output 
when low and TSCLKSEL is low. When LOCLPEN is high, the 
LPDATO output is held in the inactive state to prevent 
interference between the transmit and receive devices. 

Reset input for the device, active low. During reset, PCLK does 
not toggle. 

Active high input which, when enabled, directs the transmit 
serial clock through the LPDATOP/N output. 

Used to reset portions of the clock recovery PLL during 
production testing. Held low for normal operation. 

Used to select the reference clock frequency. Set low to select 
77.76 MHz. Set high to select 19.44 MHz. 

The loop filter capacitor is connected to these pins. The 
capacitor value should be 0.01µf ±10% tolerance, X7'R 
dielectric. 50 Vis recommended (16 Vis acceptable). 

High-speed, source-terminated differential PECL serial data 
stream signals. Normally connected to an optical transmitter 
module. 
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53020 Pin Assignment and Descriptions (Continued) 

Pin Name Level VO Pin # Description 

LPDATOP Diff. 0 44 Serial data stream signals, normally connected to a companion 
LPDATON PECL 43 S3021 device for diagnostic loopback purposes. They are held 

inactive when LOCLPEN is high and TSCLKSEL is low. The 
serial data stream is output when LOCLPEN is low and 
TSCLKSEL is low. When enabled by the TSCLKSEL input, the 
transmit serial clock will be output through this pin. The transmit 
serial clock is a buffered version of the internal frequency • synthesizer clock, which is phase-aligned with the SERDATO 
output signal. The SERDATO is updated on the falling edge of 
the transmit serial clock. 

PCLK TTL 0 16 A reference clock generated by dividing the internal bit clock by 
eight. It is normally used to coordinate byte-wide transfers 
between upstream logic and the S3020 device. 

ECLVCC - - 5, 15, 25, Digital +5V 
28, 37 

TTLGND - - 13, 17, TTL Ground (Digital OV) 
27 

TTLVCC - - 14, 24, TTL Power Supply (+5V if TTL) 
26 

AVCC - - 3, 38, 40, Analog +SV 
46,50 

AVEE - - 2, 39, 41, Analog OV 
42,51 

ECLVEE - - 6, 10, 18, Digital OV 
21, 32, 

36 

NC - - 34 Not connected 
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53021 Pin Assignment and Descriptions 

Pin Name Level 110 Pin# 

SERDATIP Diff. I 45 
SERDATIN PECL 46 

LPDATIP Diff. I 42 
LPDATIN PECL 44 

LOCLPEN TTL I 8 

TSTCLKEN TTL I 4 

OOF TTL I 31 

LOS PECL I 34 

REFCLKINP Diff. I 49 
REFCLKINN PECL 48 

RSTB TTL I 33 

REFS EL TTL I 7 
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Description 

Serial data stream siPcnals normally connected to an optical 
receiver module. A cock is recovered from transitions on the 
SERDATI inputs. 

Serial data stream signal, normally connected to a companion 
S3020 device for diagnostic loopback purposes. Clock is 
recovered from transitions on the LPDATI inputs while in 
diagnostic loopback. 

Selects diagnostic loopback. When LOCLPEN is high, the 
S3021 device uses the primary data (SERDATI) input. When 
low, the S3021 device uses the diagnostic loopback data 
(LPDATI) input. 

Test clock enable signal, active high, that enables the reference 
clock to be used in place of the VCO for testing. Allows a means 
of testing the functions of the chip without the use of the PLL. 
Set low for normal operation. 

Indicator used to enable framing pattern detection logic in the 
S3021. This logic is enabled by a rising edge on OOF, and 
remains enabled until frame boundary is detected or when OOF 
is set low, whichever is longer. OOF is an asynchronous signal 
with a minimum pulse width of one POCLK period. (See Figures 
11 and 12.) 

An active-low, single-ended 10K ECL input to be driven by the 
external optical receiver module to indicate a loss of received 
optical power (Loss of Signal). When LOS is low, the data on 
the Serial Data In (SERDATIP/N) pins will be internally forced to 
a constant zero, LOCKDET will be forced low, and the PLL will 
lock to the REFCKINP/N inputs. This signal must be used to 
assure correct automatic reacquisition to serial data following an 
interruption and subsequent reconnection of the optical path. 
(This ensures that the PLL does not "wander" out of 
reacquisition range by tracking the random phase/frequency 
content of the optical detector's noise floor while monitoring 
"dark" fiber.) 

Input normally used as the reference for the integral clock 
recovery PLL. 

Reset input for the device, active low. Initializes the device to a 
known state and forces the PLL to acquire to the reference 
clock. A reset of at least 16 ms should be applied at power-up 
and whenever the user wishes to force the PLL to re-acquire to 
the reference clock. The S2031 will also re-acquire·to the 
reference clock if the serial data input is held quiescent for at 
least 16 ms. 

Used to select the reference clock frequency. Set low to select 
77.76 MHz. Set high to select 19.44 MHz. 
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53021 Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 Pin # Description 

CAP1 - I 1 The loop filter capacitor is connected to these pins. The 
CAP2 52 capacitor value should be 0.1 µf ±10% tolerance, X7'R dielectric. 

50 Vis recommended (16 Vis acceptable). 

POUT? TTL 0 30 Parallel data output, a 77.76 Mbyte/sec word, aligned to the 
POUT6 29 POCLK parallel output clock. POUT? is the most significant bit 
POUTS 23 (corresponding to bit 1 of each PCM word, the first bit received). 
POUT4 22 POUTO is the least significant bit (corresponding to bit 8 of each • POUT3 20 PCM word, the last bit received). POUT(7-0) is updated on the 
POUT2 19 falling edge of POCLK. 
POUT1 16 
POUTO 12 

FP TTL 0 11 Frame pulse. Indicates frame boundaries in the incoming data 
stream (SERDATI). If framing pattern detection is enabled, as 
controlled by the OOF input, FP pulses high for one POCLK 
cycle when a 48-bit sequence matching the framing pattern is 
detected on the serial data inputs. When framing pattern 
detection is disabled, FP pulses high when the incoming data 
stream, after byte alignment, matches the framing pattern. FP is 
updated on the falling edge of POCLK. 

POCLK TTL 0 9 Parallel output clock, a 77.76 MHz nominally 50% duty cycle, 
byte rate output clock, that is aligned to POUT(7-0) byte serial 
output data. POUT(7-0) and FP are updated on the falling edge 
of POCLK. 

LOCKDET TTL 0 35 Clock recovery indicator. Set high when the internal clock 
recovery has locked onto the incoming data stream. LOCKDET 
is an asynchronous output. 

ECLVCC - - 5, 15, 25, Digital +5V 
28, 37, 

50 

TTLGND - - 13, 17, TTL Ground (Digital OV) 
27 

TTLVCC - - 14, 24, TTL Power Supply (+5V if TTL) 
26 

AVCC - - 3, 38, 40, Analog +5V 
47 

AVEE - - 2, 39, 41, Analog OV 
43 

ECLVEE - - 6, 10, 18, Digital OV 
21, 32, 

36 

NC - - 51 Not connected 

Applied Micro Circuits Corporation 
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Figure 6. 52-PQFP Package 
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All dimensions nominal in mm. 
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AMCC 
ATM 622 MBIT/S TRANSMITTER AND RECEIVER S3020/S3021 

Performance Specifications 

Parameter Min Typ Max Units Condition 

Nominal VCO 
622.08 MHz 

Center Frequency 

PECL Data In CSU mode, given 14 ps rms 
Output Jitter jitter on REFCKIN in 12KHz to 

OC-12/STS-121 16 ps (rms) 5 MHz band. REFCLK = 
77.76 MHz • Reference Clock 

Frequency Tolerance Required to meet SONET/ATM 
Clock Synthesis -20 +20 ppm output frequency specification 
Clock Recovery -100 +100 ppm 

OC-12/STS-12 

Capture Range ±200ppm With respect to fixed reference 
frequency 

Lock Range +2,-8% 
Minimum transition density of 
20% 

Acquisition Lock Time 16 µsec 
With device already powered up 
and valid reference clock 

Reference Clock 
30 70 % of period 

Input Duty Cycle 

Reference Clock Rise & 
2.0 1 0% to 90% of amplitude 

Fall Times 
ns 

PECL Output Rise & 
20% to 80%, 50 n to Vee -2V 

Fall Times 600 ps 
equivalent load, 5pF cap 

(S3020 LPDATOP/N) 

Source Terminated Diff. 
PECL Compatible 
Output Rise & Fall 450 ps 20% to 80%, 100 n line to line 
Times (S3020 
SERDATOP/N) 

1. For REFCLK = 19.44 MHz, multiply the specified value by three. 

Applied Micro Circuits Corporation 
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AMCC 
$3020/$3021 ATM 622 MBIT/S TRANSMITTER AND RECEIVER 

Absolute Maximum Ratings 
PARAMETER Min Typ Max Unit 

Case Temperature under Bias -55 125 oc 

Junction Temperature under Bias -55 150 oc 

Stor~e Temperature -65 150 •c 

Vott~ge on VCC with Respect to GND --0.5 +7.0 v 

Voltl!a.e on A~ TIL Input Pin --0.5 +5.5 v 

Voltage on Any PECL h:!f~_ut Pin vcc~ vcc v 

TIL Output Sink Current 20 mA 

TIL Output Source Current 10 mA 

High Speed PECL Output Source 

Current 50 mA 

Static Discharge Voltage 500 v 

Recommended Operating Conditions 
PARAMETER Min Typ Max Unit 

Ambient Temperature under Bias 0 70 ·c 

Junction Temperature under Bias 20 125 ·c 

Vottage on VCC with Respect to GND 4.75 5.0 5.25 v 

Voltl!a.e on Any TIL Input Pin 0 vcc v 

Voltage on Any PECL Input Pin vcc~ vcc v 

S3020 ICC 178 238 mA 

S3021 ICC 216 270 mA 

TTL /npuVOutput DC Characteristics 
CT.= 0°c to +10°c, Vee= 5 v ±5%) 

Symbol Parameter Min Typ Max Unit Conditions 
V1L1 Input LOW Voltage 0.8 Volts Guaranteed Input LOW Voltage 

V1H1 Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Voltage 

l1L Input LOW Current -400.0 µA Vee= MAX, V1N = 0.5V 

l1H Input HIGH Current 50.0 µA Vee= MAX, V1N = 2.7V 

11 Input HIGH current at 1.0 mA Vee= MAX, V1N = 5.25V 
Max. VCC 

las Output Short Circuit Current -100.0 -25.0 mA Vee= MAX, VouT = 0.5V 

V1K Input Clamp Diode Voltage -1.2 Volts Vee= MIN, l1N = -18 ma 

VOL Output LOW Voltage 0.5 Volts Vee= MIN, IQL = 8 ma 

VQH Output HIGH Voltage 2.7 Votts Vee= MIN, IQH = -1 ma 

1. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 

3-36 
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AMCC 
ATM 622 MBIT/S TRANSMITTER AND RECEIVER . S3020/S3021 

PECL Input/Output Characteristics1.2 

(T. = 0°C to +70°C, Vee= 5 V ±5%) 

Symbol Parameter 

V1L Input LOW Voltage 

V1H Input HIGH Voltage 

V1L Input LOW Voltage 

V1H Input HIGH Voltage 

V1D Input Diff. Voltage 

l1H Input High Current 

l1L Input Low Current 

VoL Output LOW Voltage 

VoH Output HIGH Voltage 

VoD Output Diff. Voltage 

1. These conditions will be met with no airflow. 

Min 

vcc-2.000 

vcc-1.225 

Vcc-2.000 

vcc-1.750 

0.250 

-0.500 

-0.500 

vcc-2.000 

vcc-1.110 

0.390 

Typ Max Unit Conditions 

vcc ·1.441 Volts Guaranteed Input LOW Voltage 
for single-ended inputs 

vcc·0.570 Volts Guaranteed Input HIGH Voltage 
for single-ended inputs 

vcc-o.7oo Volts 
Guaranteed Input LOW Voltage 
for differential inputs 

Vcc·0.450 Volts 
Guaranteed Input HIGH Voltage 
for differential inputs 

0.500 1.400 Volts Differential Input Voltage 

20.000 µA V1D=500mV 

20.000 µA V1D=5DOmV 

vcc-1.500 Volts 50 ohm tennination to Vee -2V 

Vcc ·0.670 Volts 50 ohm tennination to Vee -2V 

1.330 Volts Differential Output Voltage 

2. When not used, tie the positive differential PECL pin to V cc and the negative differential ECL pin to ground via a 3.9K resistor. 

Differential ECL Input and Output Applications 

1000 
Electrical to 
optical 

53020 SERDATOP/N to Fiber Optic Transmitter 

[:;> 1=0 U=0 
VEE 

t> 

Applied Micro Circuits Corporation 

Reference Clock Crystal Oscillator Source 
(EGL Driver) to REFCKINP/N Inputs. 
53020 LPDATOP/N to 53021 LPDATIP/N. 
Fiber Optic Receiver to 53021 SERDATIP/N. 

6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 3-37 

• 



AMCC 
S3020/S3021 ATM 622 MBIT/S TRANSMITTER AND RECEIVER 

3-38 

Table 1. S3020AC Timing Characteristics (T. = 0°C to +70°C, Vee= 5 V±5%) 

~mbol Description Min T~ Max Units 
1Dp1CLK 

tSp1N 

tHPIN 

IDs ER 

tDRP 

PICLK Delay from PCLK 0 

PIN (7.0] Set-up Time w.r.t. PICLK 1.5 

PIN [7.0] Hold Time w.r.t. PICLK 1 

Serial Clock (LPDATOP) low to SERDATOP/N 
Valid Prop Delay 0 

Serial Clock (LPDATOP) Duty Cycle 40 

REFCKINP High to PCLK High Valid Prop Delay 7.0 

Figure 7. PIN AC Input Timing 

PCLK tDp1CLK 

PICLK 

PIN[7:0] 

Notes on TTL Output Timing: 

1. When a set-up time is specified on TTL signals between an input and a clock, the set
up time is the time in nanoseconds from the 50% point of the Input to the 50% point of 
the clock. 

2. When a hold time is specified on TTL signals between an input and a clock, the hold time 
is the time in nanoseconds from the 50% point of the clock to the 50% point of the input. 

5.5 

500 

60 

11.0 

Figure Ba. Clock and Data Output 
Timing with TSCLKSEL Asserted 

Figure Sb. REFCKIP High to PCLK 
High Valid Prop Delay 

LPDATOP 

SERDATOP/N 

Notes on PECL Output Timing: 

1. Output propagation delay lime of high speed PECL 
outputs Is the time In nano seconds from the cross-over 
point of the reference signal to the cross-over point of the 
output. 

REFCKINP 

tr:>i,p 

PCLK 

ns 

ns 

ns 

ps 

% 

ns 

Applied Micro Circuits Corporation 
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AMCC 
ATM 622 MBIT/S TRANSMITTER AND RECEIVER S3020/S3021 

Table 2. 53021 AC Timing Characteristics <T. = o•c to +70°C, Vee= 5 v ±5o/o) 

S_ymbol 

!SPOUT 

IHPOUT 

Descr~ion Min .!le.. 
POCLK Duty Cycle 40 

POUT[7:0] and FP Set-up Time w.r.t. POCLK 4 

POUT[7:0] and FP Hold Time w.r.t. POCLK 2 

SERDATIP/N Minimum Pulse Width 400 

Figure 9. Output Timing Diagram 

POCLK 

POUT[7:0], FP 

Notes on TTL Output Timing: 

1. Output propagation delay time of TTL outputs Is the Ume In nanoseconds from the 
50% point of the reference signal to the 30% or 70% point of the output. 

2. Maximum output propagation delays and duty cycles of TTL outputs are measured 
with a 15 pF load and 500 ohms to ground on the outputs. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

Max 

60 

Units 

o/o 

ns 

ns 

ps 
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AMCC 
S3020/S3021 ATM 622 MBIT/S TRANSMITTER AND RECEIVER 

RECEIVER FRAMING 

Figure 10 shows a typical reframe sequence in which 
a byte realignment is made. The frame and byte 
boundary detection is enabled by the rising edge of 
OOF and remains enabled while OOF is high. Re
alignment occurs upon receipt of the first A 1 byte. 
The frame boundary is recognized upon receipt of 
the third A2 byte, which is the first data byte to be 
reported with the correct byte alignment on the out
going data bus (POUT[7:0]). Concurrently, the frame 
pulse is set high for one POCLK cycle. 

When interfacing with a section terminating device, 
the OOF input remains high for one full frame after the 
first frame pulse while the section terminating device 
verifies internally that the frame and byte alignment 
are correct, as shown in Figure 11 . Since at least one 
framing pattern has been detected since the rising 
edge of OOF, boundary detection is disabled when 
OOF is set low. 

Figure 10. Frame and Byte Detection 

RECOVERED 
CLOCK/ 
REFCLK 

OOF 

SERDATI 

The frame and byte boundary detection block is ac
tivated by the rising edge of OOF, and stays active 
until the first FP pulse or until OOF goes low, which
ever occurs last. Figure 11 shows a typical OOF tim
ing pattern which occurs when the 83021 is connected 
to a down stream section terminating device. OOF 
remains high for one full frame after the first FP pulse. 
The frame and byte boundary detection block is ac
tive until OOF goes low. 

Figure 12 shows the frame and byte boundary detec
tion activation by a rising edge of OOF, and deacti
vated by the first FP pulse. least one framing pattern 
has been detected since the rising edge of OOF, 
boundary detection is disabled when OOF is set low. 

I A1 I A1 I Al I A2 

POCLK 

I 

FP ~~~~~~~~!l_ 

NOTE 1: Range of Input to output delay can be 1.5 to 2.5 POCLK cycles. 

Figure 11. OOF Operation Timing with 
PM5312 STTX or PM5355 SUN/-622 

BOUNDARY DETECTION ENABLED ~ 

OOF 

FP 
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Figure 12. Alternate OOF Timing 

:.- BOUNDARY DETECTION ENABLED _____...: 

OOF 
' : 

' ---~ 

I l' 
FP ___ .J..~-------------
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APPLICATION NOTE AMCC 
S3020 WITH DATA CLOCK SYNCHRONOUS TO REFERENCE CLOCK 

INTRODUCTION 

In some applications it is necessary to ''forward clock" 
the data in an ATM system. In this application the 
reference clock from which the high speed serial clock 
is synthesized and the parallel data clock both originate 
from the same (usually TTUCMOS) clock source. This 
application note explains how the AMCC S3020 can be 
configured to operate in this mode. 

Clock Control Logic Description 

The timing control logic in the S3020 automatically 
generates an internal load signal which has a fixed 
relationship to the reference clock. The logic takes into 
account the variation of the reference clock to the 
internal load signal over temperature and voltage. 

The connections required to implement the design are 
shown in Figure 13, and the timing specifications are 
shown in Figure 14. The setup and hold times for the 
PICLK to the data must be met by the controller ASIC. 
We recommend latching the data on the falling edge of 
the output reference clock in order to meet the required 
specifications. 

Figure 13. 53020 with Data Clocked by Reference Clock 

rl TTUPECL 
Converter 

tpd <3.5 ns 

ASIC 

Output 
Reference 

Clock 

Output 8 
Data L 

Data / 

Figure 14. Data Timing with Respect to PICLK 

PICLK__j 

Applied Micro Circuits Corporation 

tsu = 2 ns 
th = 1 ns 

6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

1 PECL 

J 2 

,( 
REFCLK 

~ PICLK 

53020 Serial Data 

DATAIN[7:0] 
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AMCC 
S3020/S3021 ATM 622 MBIT/S TRANSMITTER AND RECEIVER 

Figure 15. System Block Diagram 

Reference Clock 

Toun1:01 

PMC 
PM5355 
SUNl-622 

TCLK 

RIN[7:0] 

RIFP 

RICLK 

13.t_ 
I 

13.t_ , 

i 2'1 

1--- REFCKINP/N 

PIN[7:0] 

t PCLK 

PICLK 

~ REFCKINP/N 

POUT[7:0) 

FP 

POCLK 

Ordering Information 

GRADE TRANSMITTER 
S - commercial 3020 

GRADE RECEIVER 
S - commercial 3021 

S3020 

SERDATOP/N ~ 
7 

LPDATOP/N t----1 

'1 2 

S3021 

LPDATIP/N l._.J 

SERDATIP/N ~ , 
LOS 

PACKAGE 
A - 52 PQFP TEP 

PACKAGE 
A - 52 PQFP TEP 

I 
x xxxx x 

Grade Part number Package 

E/O 

O/E 

Applied Micro Circuits Corporation 
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PRELIMINARY 
SPECIFICATION 

For complete data sheet, see 
Section 7: SONET/SDH/ATM 
Products. AMCC® 

SONET/SDH/ATM 155 MBIT/S QUAD TRANSCEIVER $3029 

FEATURES 

• Complies with ANSI, Bellcore, and ITU-T 
specifications for jitter tolerance, jitter generation 
Five on-chip high frequency PLLs with 
internal loop filters for clock recovery 
Supports clock recovery for STS-3/STM-1 
(155.52 MbiVs) NRZ data 
Clock Multiplier PLL for transmit clock 
generation 
19.44 or 51.84 MHz reference frequency 
Lock detect-monitors run length and 
frequency 
Low-jitter differential interface 

• 3.3V supply 
• Available in a 64-pin TQFP package 

Compatible with lgT WAC-413 ATM Quad
UNI processor 

Figure 1. System Block Diagram 

155 Mbp/s 
Network 

Interface Processor ~-""'""1i+_, 

155 Mbp/s 
Network 

Interface Processor ~-""'""1ih 

155 Mbp/s 
Network 

Interface Processor ~-""'"""--!--J 

155 Mbp/s 
Network 

Interface Processor !---""~~ 

Applied Micro Circuits Corporation 

Optical 
Transceiver 

Optical 
Transceiver 

Optical 
Transceiver 

Optical 
Transceiver 
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GENERAL DESCRIPTION 

The function of the S3029 clock synthesis and recov
ery unit is to derive high speed timing signals for 
SONET/SDH-based equipment. The S3029 is imple
mented using AMCC's proven Phase Locked Loop 
(PLL) technology. 

The S3029 receives four STS-3/STM-1 scrambled NRZ 
signals and recovers the clock from the data and 
generates a 155 MHz transmit clock. The chip out
puts a differential PECL bit clock and retimed data. 
Figure 1 shows a typical network application. 

The S3029 utilizes five on-chip PLLs which consist of 
a phase detector, a loop filter, and a voltage con
trolled oscillator (VCO). The phase detector 
compares the phase relationship between the VCO 
output and the serial data input. A loop filter converts 
the phase detector output into a smooth DC voltage, 
and the DC voltage is input to the VCO whose fre
quency is varied by this voltage. A block diagram is 
shown in Figure 2. There is a single clock multiplier 
PLL which generates a 155 MHz transmit clock from 
a 19.44 or 51.84 MHz input. 

155 Mbp/s 
Network 

-+-~~--.. Interface Processor 

155 Mbp/s 
Network 

-+-~~--.. Interface Processor 

155 Mbp/s 
Network 

-+-"""""'--+! Interface Processor 

155 Mbp/s 
Network 

-""""'""'--+! Interface Processor 
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Figure 2. Functional Block Diagram 

REFS EL .-----------.! ~~t~~~~ l--'-15;;.;5..;.M"'"H-"z'-'C"'L"°'K...., 

REFCKINP 
REFCKINN 

TSTCLKEN ------

SDO -----------. 

LCKREFNO--------......., 

SERDATIPO 
SERDATINO 

SD1 

LCKREFN1 

REFCLK 

SERDATIP1 
SERDATIN1 

SD2 

LCKREFN2 

REFCLK 

SERDATIP2 
SERDATIN2 

$03-----------. 

LCKREFN3----------. 

REFCLK---------. 

SERDATIP3 
SERDATIN3 

TXCLKOP 
TXCLKON 

SERDATOPO 
SERDATONO 

SERCLKOPO 
SERCLKONO 

LOCKDET1 

SERDATOP1 
SERDATON1 

SERCLKOP1 
SERCLKON1 

LOCKDET2 

SERDATOP2 
SERDATON2 

SERCLKOP2 
SERCLKON2 

...----------- LOCKDET3 

SERDATOP3 
SERDATON3 

SERCLKOP3 
SERCLKON3 
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PRELIMINARY 
DEVICE SPECIFICATION AMCC® 
1 OOVG-AnyLAN STP/FIBER OPTIC TRANSCEIVER S2100 

FEATURES 

• IEEE 802.12 compliant 

• Full Duplex Capability 

• Single +5 V supply 

• STP or Fiber support 

• Fixed receiver based equalization 

• Transmit clock generation 

• Receive data/clock recovery 

• Transmit Control State generation 

• Receive Control State detection 

APPLICATIONS 

• High-speed Local Area Networks 

• The S2100 can be used in all 100VG-AnyLAN 
network applications that require Fiber or STP 
cabling in either the HUB or END-NODE end. 

Figure 1. Functional Block Diagram 

FIBER ._ 
(RCS) {RCS[0:2) -- 1---.i Tone decoder 

GRANT 
/R.CSRBN Preamble detect ~ .., 

_ftl DEi" _11!.Jll!T 

:::!: I I 
~ ::.ilL 

L (RDF) 
( RDATA(0:31 i..._ 

~ Clock divider 
RXC:UC -- --
/RXEN 

Demultiplexer 
~ ...... 

TDATA(0:31 u. (TDF) 

D\TA 

llCIC 

PU. 

llCIC 

D\TA 

DESCRIPTION 

The S2100 1 OOVG-AnyLAN STP/Fiber-optic Trans
ceiver chip contains all of the functionality required 
to implement the IEEE 802.12 PMD specifications 
for transmission onto (or reception from) 150 ohm 
STP cable. The differential transmit and receive cir
cuits are PECL compatible which makes them 
suitable for direct connection to a filter module, or to 
a Fiber-optic transceiver like the HFBR-5103. 

The TCS machine indicates a node's status to the 
network and the RCS machine decodes the network 
status. The TDF circuit formats and multiplexes the 
nibble wide data into a single 120Mbit/s data stream, 
and the RDF de-multiplexes then re-formats the data 
into a 30M nibble/s bus. For STP applications, car
rier detect and equalization are also performed. 

_... 
Carrier. 

SD VAL ~ Sense 
'""l r--' 

'--i... RP+ 
A LOL 

RMux RP-

• i::t_ Equalizer 
"---IU>_.., 

• Jd!Slrr IOU ID .U al 
... __ 

8 
1Pl1.. ..... 

IDIHZ 

TlUll>Y :i 
'IP+ 

TXCLK ~ 120Mhz Clock Generator 
DATA...OUL .=iL.. ~ 

fl"XEN Multiplexer " . 1--
IDIHZ TMux ~ Transmit TP-

~ (TCS) 1'-1 TONI! _... • Buffer 

~ ':r Tranamit Control IWANC8 
TCS[0:2J -;. :-r OUTJ!N .... 

trCSWBN State Machine 

UIP 
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AMCC 
S2100 1 OOVG-AnyLAN STP/FIBER OPTIC TRANSCEIVER 

Figure 2. 52-Pin PQFP (14mm x 14mm) 

INDICATOR 

POST TO PIN INTERCONNECTtON 
POST PIN POST PIN POST PIN POST 

1 1 14 14 27 27 40 
2 2 15 15 28 28 41 
3 3 18 16 29 29 42 
4 4 17 17 30 30 43 
5 5 18 18 31 31 44 

• 8 19 19 32 32 45 
7 7 20 20 33 33 46 
8 8 21 21 34 34 47 

• 9 22 22 35 35 .. 
10 10 23 23 38 36 49 
11 11 24 24 37 37 50 
12 12 25 25 JS 38 51 
13 13 28 28 39 39 52 

All dimensions are in mm. 

3-46 

17.20 
±.25 

PIN 
40 
41 
42 
43 
44 
45 
46 
47 .. 
49 
50 
51 
52 

6'±4. 

2.45L 
MAX 

2.00 ±.25 

_[1.00 

i--.920 
±.10 

.,, "" J .30 
±.15 
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DEVICE SPECIFICATION 
AMCC® 

OPEN FIBER CONTROL 52036 

FEATURES 
• Implements redundant safety interlock for laser

based fiber optic systems 
• Functionally compliant with ANSI XT311 Fibre 

Channel physical standard 
• Enables Class 1 safety compliance for FDA, 

ANSI, and IEC guidelines 
• Operates with the AMCC S2042/S2043, and 

S2044/S2045 Fibre Channel Chipsets at 265.625, 
531.25, and 1062.5 MbiVs 

• On-chip ring oscillator 
• Ultra low power operation 
• 28-pin SOIC package 
• PECL Interface 

APPLICATIONS 
• Laser-based fiber optic systems 
• Medical and laboratory instrumentation 
• High-speed data and telecommunications 

- Supercomputer - Frame buffer 
- Mainframe - Switched networks 
- Broadcast - Mass storage/RAID 
- Environments - Workstation 

Figure 1. System Block Diagram 

82042 
or S2044 

TX 

$2043 
orS2045 

RX 
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GENERAL DESCRIPTION 

The S2036 is designed specifically to implement the 
Fibre Channel Open Fiber Control (OFC) system, a 
redundant safety interlock feature for laser-based fi
ber optic systems. It is functionally compliant with 
the ANSI XT311 Fibre Channel physical standard 
and implements the OFC system defined by that 
standard, to detect when the optical link has been 
disrupted and shut down the laser or reduce the opti
cal power level. The S2036 employs effectively 
redundant paths, each of which can independently 
turn off the laser. 

The chip meets the requirements of Class 1 safety 
limits defined by FDA, ANSI, and IEC. It is fully com
patible with AMCC's S2042/S2043 and S2044/ 
S2045 Fibre Channel chipsets at 265.625, 531.25, 
and 1062.5 MbiVs operation. It features low-power 
operation and a 28-pin SOIC package. Figure 1 shows 
the S2036 used in a typical network configuration. 

82043 
or 82045 

RX 

$2042 
or82044 

TX 

4-3 

• 



AMCC 
S2036 OPEN FIBER CONTROL 

OVERVIEW 

The OFC system is an open fiber link detection and 
laser control system specified in ANSI XT311 Fibre 
Channel physical standard. It is used as a safety 
interlock for point-to-point optical fiber links that use 
semiconductor laser diodes as the optical source. 
The major reason for implementing OFC is that the 
optical power levels required to obtain the desired 
level of system performance in Fibre Channel ex
ceeds the Class 1 limits defined by national and 
international laser safety standards, if the optical fi
ber link between two optical ports is disconnected, 
such as would occur with an opened connector or a 
cut fiber. It is extremely important that requirements 
for Class 1 classification are met, due to the poten
tial for customer exposure to laser radiation. 

Since it is only when an optical link is opened that a 
user can be exposed to laser radiation, implement
ing OFC allows Class 1 classification requirements 
to be met, since it can detect when the link has been 
disrupted and can shut down the laser or reduce the 
optical power level. The S2036 complies fully with 
the OFC specifications and Class 1 requirements. 

Refer to the ANSI Fibre Channel standard document 
for details of OFC operation. 
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Figure 2. Functional Block Diagram 
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CIRCUIT OPERATION 

Whenever the fiber data link is disrupted (by a cut fiber 
or a disconnected cQnnector), the S2036 .detects the 
disruption and forces the transceiver into a repetitive 
pulsing mode of operation with a very low duty cycle. 
The link returns to normal operation only when the 
device detects that the disruption has been repaired 
and the proper reconnection handshake has taken 
place between the two transceivers in the link. 

As seen in the module block diagram in Figure 2, 
two loss-of-light control paths are provided and both 
must be satisfied before the laser can be activated. 
Each path has a separate digital filter, state ma
chine, and a counter. Two loss-of-light detectors 
each feed a digital filter. The output of each filter is 
"OR/EQUALed" to produce an interval Loss-of-Light 
(LOL) signal. If the REFCKIN is too fast or too slow, 
the clock detector causes the laser to be deacti
vated. Two laser driver control outputs are 
independently capable of disabling the laser drive 
circuitry. They are of opposite polarity to prevent 
voltage control problems from accidentally activating 
the laser. The link status output signals the user 
system when the link is inactive. 

A power-on-reset signal is used to synchronize the 
counters and state machines. Three user system 
control lines, Laser Fault, Link Control and 
Loopback Enable, force the S2036 to disable the 
laser drive circuitry and turn off the laser. 

LDENP 

1--1-+----+3 --- PRT(2:0) 

LDENN 
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The two state machines are independent and identi
cal, and contain the logic to detect when the optical 
link becomes open due to a disconnection or break. 
They also preside over the link reconnection hand
shake when it detects that the link is reconnected. 

OFC Time Periods 

The OFC system uses a repetitive pulsing technique 
(i.e., laser activated fort microseconds every T sec
onds) during the time that a link is open in order to 
reduce the maximum possible exposure to a value 
which allows for classification as a Class 1 laser 
product. The maximum average power level per 
pulse is a function of the wavelength, pulse duration 
(t), and pulse repetition frequency (PRF = 1fT). 

To function correctly, each short-wavelength optical 
link port must contain a transmitter/receiver unit that 
has implemented the OFC system with compatible 
OFC interface timings. The timing values that are 
consistent with the stated maximum transmitter re
ceptacle power and current (1990) IEC laser safety 
restrictions for a Class 1 system are shown in Table 1. 

These time periods, when used according to the 
OFC interface specification described in this section, 
should result in a laser product which conforms to 
current (1990) emission requirements for Class 1 
classification worldwide. Note, however, that classifi
cation of a laser product must always be verified with 
measurements and calculations and not assumed. 

Table 1. Selectable OFC Time Periods 

Symbol Description 

CNTRLO/OB Counter Control O 

t Pulse duration time 

T Pulse repetition time 

Is Stop time 

1 LDENon LOL 1 & LOL2 inactive to LDENP/N 

t LDENoff LOL 1 or LOL2 active to LDENP/N 

11don Laser tum-on time 

t ldoff Laser turn-off time 

The connection and disconnection handshake timing 
is shown in Figures 5 and 6. The connection hand
shake is performed at link initialization or at the 
automatic recovery from intentional or accidental in
terruption of the optical path. The Pulse duration, t, is 
chosen to meet the maximum average power level 
while allowing for the propagation delay through both 
fibers and the light detection and laser turn-on delay 
of the complete transceiver system. This margin is 
shown as tsetH· Similarly, the Stop time ts is set at 
either 2t or 4t to assure that the detected pulse origi
nates from a properly functioning OFC node. This is 
accomplished by the detection of loss of light for a 
time tsetL prior to the end of the Stop time. In Figure • 
5, the Master node is the one whose 10.1 second 
timer expires first after the reconnection is complete. 

Figure 6 illustrates the reaction of the system to the 
disruption of one fiber (the one between the Master 
transmitter and the Slave receiver). Since the other 
fiber is still intact in this example, the Master trans-
mitter is shown as again having its 10.1 second 
timer expire first, but then resynchronizing to the re-
ceived pulse from the Slave transmitter. 

Safety Documentation/Usage Restrictions 

Shortwave laser transceiver products incorporating 
the OFC system in order to assure Class 1 compli
ance shall include the following two usage 
restrictions as part of the product's user, mainte
nance, and safety documentation: 

25 Mbyte/s 50/100 Mbyte/s Units 

Low High -

617 154 µsec 

10.1 10.1 sec 

1234 617 µsec 

2-4 2-4 µsec 

20-40 20-40 µsec 

LDENon + Laser activation time -
LDENoff + Laser deactivation time -

t pdf1 Propagation delay, fiber 1 -
lpdf2 Propagation delay, fiber 2 -

Applied Micro Circuits Corporation 
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a)The laser product shall be used in point-to-point 
optical links only. The OFC safety system is 
incompatible with other types of link connections 
(i.e., multiple input or output links). Failure to 
comply with this usage restriction may result in 
incorrect operation of the link and points of access 
that may emit laser radiation above the limit for 
Safety Class 1 systems established by one or 
more national or international laser safety standards. 

b)Normal operation of the point-to-point optical link 
requires that the laser product shall be connected 
only to another Fibre Channel compatible laser 
product that includes the OFC safety system. In 
addition, each of these products must be certified 
as Safety Class 1 laser products according to the 
laser safety regulations and/or standards in existence 
at the time of manufacture. 

The certification ensures that each of the products 
will function correctly in the event of a fault in one of 
the safety control systems. 

It is the responsibility of the interface designer tassure 
that the redundancy and freedom from single point 
failure sensitivity incorporated in the Fibre Channel 
standard and the design of the S2036 are fully 
implemented in the final laser product. These imple
mentation criteria shall include but are not limited to: 

4-6 

Figure 3. OFC Connections 

+ Laser Enable 

- Laser Enable 

S2044 
Fiber 

Channel 
Transmitter 

TCLKt--~R=E~FC~K~IN-....i 

a)Biasing of the LDENP/N signal lines with 1 OKn 
resistors external to the S2036 assures that the 
non-operating state of the laser is forced if the 
S2036 is removed or destroyed while the system is 
operating. 

b)Use of the redundant control signals (CNTRLOB 
and CNTRL 1 B) to assure safe operation or no operation 
in the event of a single point failure of any control signal. 

WARNING! IMPORTANT! 

The S2036 is equipped with an overrride func
tion to permit activation of the attached laser 
during module level testing. This function is op
erable with the TESTEN held in the active high 
state and OFCDEF held High and OFCDEFB 
held Low only. It is the responsibility of the 
manufacturer to isolate these inputs from acci
dental activation by the end user. Failure to do 
so may void the certification of the module or 
the OEM system for Laser Safety Class 1 op
eration. 

Digital Filter 

The digital filters integrate the incoming signals to 
improve their reliability. The filters sample at a faster 
rate when acquiring a light-present signal and at a 
slower rate when dropping a light-present signal, 
while maintaining the correct handshake timing. 

SD+:1 =Light, O=No Light 
SD-:1=No Light, O=Llght 

Loss of Signal (PECL) 

SD-

S2045 
Fiber 

Channel 
Receiver 

~=-----ILOCKDETN 
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State Machine 

The state machine is implemented per the Fibre 
Channel FC-PH document, Paragraph 6.2.3 and an
nex I. The OFC time periods are user-selectable to 
comply with the operating frequency of the serial 
link. The selectable OFC time periods are seen in 
Table 1. The pulse repetition time is fixed for both 
25, 50, and 100 Mbyte applications to 10.1 seconds. 

The inputs to the state machine are the loss of light 
indicators (DC and AC) and the power-on reset. The 
timing of the state machine transitions is controlled 
by the decode times. The timing of the laser control 
signals will not necessarily be synchronous to the 
system clock because of the long counter times involved. 

Link Initialization 

Following a power-on-reset cycle, the OFC device 
will be in the Stop State as defined in the Fibre 
Channel Standard. The default state for the internal 
loopback control is loopback active. A Control/Status 
Write cycle is required together with a logic high on 
the LOOPEN input in order to place the OFC in the 
Reconnect State allowing the repetitive pulsed out
put operation. The required timing for this write cycle 
is shown in Figure 5. 

Reference Clock Select 

The reference clock is user-selectable to be 53 MHz 
or 26 MHz. The reference clock input is divided by 
four if a 53-MHz clock is used, or by two for a 26-

Figure 4. Loopback Enable Write Access 

MHz clock so that all state machine and counter 
clocks operate at 13 MHz. Refer to Figure 3 and 
Figures 7 through 1 O for suggested connections. 

Clock Detect 

The clock detect circuitry compares the reference 
clock input and the ring oscillator. If the ring oscilla
tor and the reference clock frequencies do not 
compare as selected by CTRL2, CTRL 1/18, and 
CTRL0/08, the laser is disabled to prevent it from 
staying on or increasing the laser duty cycle. 

De-Glitch Logic 

The de-glitch logic debounces the power-on reset 
and the link control pin to eliminate potential glitching 
of the laser control lines. 

Counter 

The two counter blocks are redundant functions 
which generate the selected decode timing used by 
the state machines. (See Table 1 for OFC time peri
ods.) One of the counters is used as the lower part 
of the 10.1 sec pulse repetition timer. 

Pulse Repetition Timer 

The pulse repetition timer generates the 10.1 sec 
decode timer used by the state machines. In test 
mode it is broken up into three counter stages which 
is output on the PAT <0> pin. 

LOOP EN KO-; OFC ENABLED' 1--> LASER OFF'¥ 

CSRW ~ ~ 
Tcsu Tc~ 

"I / 
CS STROBE 

-.Tcsmpw Trwh --Trwsu --
Symbol Description Min Max Units 

Trwsu CSRW setup time before CSSTROBE rising edge 5 ns 

Trwh CSRW hold time after CSSTROBE rising edge 5 ns 

Tcsu LOOPEN setup time before CSSTROBE rising edge 5 ns 

Tch LOOPEN hold time after CSSTROBE rising edge 5 ns 

Tcsmpw CSSTROBE minimum pulse width 15 ns 

Applied Micro Circuits Corporation 
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Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin # 

POR TIL I 4 

CSRW TIL I 6 

REFCLKIN TIL I 2 

CNTRLO TIL I 23 

CNTRLOB TIL I 10 

CNTRL1 TIL I 22 

CNTRL1B TIL I 9 

CNTRL2 TIL I 25 

TESTCK TIL I 28 

LOL1 PECL I 11 
LOL1B 12 

LOL2 TIL I 13 

4-8 

Description 

Active low power-on reset signal, which is sampled by the 
deglitching circuitry. 

Control/status read/write input. Must be low to enable the 
clocking of the Loopback Enable signal. 

53-MHz or 26-MHz clock used as the master clock for the state 
machine and the counters. This clock is monitored by the ring 
oscillator for correct frequency. This pin should be tied to TCLK 
of the S2044. 

Counter control 0. Controls the counter values that determine 
the decode time periods. It should be set to low for 617 µs laser 
pulses and high for 154 µs laser pulses. (See Table 1.) It is also 
used during device testing to verify the ring oscillator circuitry. 

Counter control OB. A backup for CNTRLO. Should be 
independently driven to the same logic state. The full use of this 
pin prevents the unwanted generation of a 617-µs pulse due to 
a single-point failure of CNTRLO to logic low. A false low on 
CNTRLO or a false high on CNTRLOB will result in a reset of the 
S2036 and selects the ring oscillator to TESTOUT when 
TESTEN is low. A false high on CNTRLO will result in 154 µs 
pulses. 

Counter control 1. This pin, together with the CNTRL2 pin, 
selects the reference clock frequency. If the reference clock is 
53 MHz, this pin must be high, and CNTRL2 must be low. if the 
reference clock is 26 MHz, this pin and CNTRL2 must both be 
low. 

Counter control 1 B. This pin is a backup for CNTRL 1 and should 
be independently driven to the same logic state. 

Counter control 2. This pin is used with CNTRL 1 to select the 
reference clock frequency and should be set to Low. 

This clock input is used in test to replace the ring oscillator when 
OFCDEF and OFCDEFB are both High or Low. 

Loss of Light 1. Active low. When low, indicates that an optical 
signal is not present at the input to the fiber optic receiver. 
These pins must be tied to the Loss of Signal pin of the fiber 
optic receiver for a DC loss of signal function. (See Figure 3.) 

Loss of Light 2. Active high. When high, indicates that an optical 
signal is not present at the input to the fiber optic receiver. This 
pin must be tied to the S2044 LOCKDETN signal for an AC loss 
of signal function. (See Figure 3.) 
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Pin Assignment and Descriptions (Continued) 

Pin Name Level VO Pin# Description 

LOOP EN TTL I 8 Loopback enable, active High. When high, deactivates the laser 
diode enable pins (both LDENP and LDENN) regardless of the 
state of the state machine. It is enabled by the CSRW and 
clocked by the TCLK of the S2044/45 devices. Once the laser is 
turned off, only the OFC system can turn it back on by 
performing a link reconnection handshake. 

LASERFLT TTL I 24 Laser fault signal, active High. When high, this pin will 
deactivate the laser diode enable pins (both LDENP and 
LDENN) regardless of the state of the state machine. Asserts 
LNKSTAT. Once the laser is turned off, only the OFC system 
can turn it back on by performing a link reconnection 
handshake. • LNKCTRL TTL I 3 Link control input, active High. When high, this pin will 
deactivate the laser diode enable pins (both LDENP and 
LDENN) regardless of the state of the state machine. It is 
deglitched to filter spurious transitions of the laser diode enabled 
signals. Once the laser is turned off, only the OFC system can 
turn it back on by performing a link reconnection handshake. 

CSSTROBE TTL I 7 Control/Status strobe input, used to clock the Loopback Enable 
signal. It is intended to be tied to the TCLK pin of the S2044. 
The Loopback Enable signal is clocked on the rising edge of 
CSSTROBE. 

TESTEN TTL I 14 Active high Test Enable input. Internal pull-down resistor 
attached. This pin forces the pulse repetition counter to be 
broken up into five individual counters for test purposes and 
disables the LDENN output and selects TESTCK to TESTOUT 
when OFCDEF and OFCDEFB are both High or Low. 

OFCDEF TTL I 5 Positive laser diode enable forced input. Active High. Internal 
pull-down resistor attached. Overrides the OFC control of the 
positive laser diode enable and forces the laser to be enabled 
for test, when TESTEN is High. 

OFCDEFB TTL I 26 Negative laser diode enable forced input. Active Low. Internal 
pull-up resistor attached. Overrides the OFC control of the 
negative laser diode enable and forces the laser to be enabled 
for test, when TESTEN is High. 

LNKSTAT TTL 0 21 Link status output. High = Link inactive. Indicates to the system 
when the link is inactive due to a loss of signal condition 
detected by the OFC system. Active during LOOPBACK mode. 
Asserted when LASER FLT signal is asserted. 

TESTOUT TTL 0 27 Test output signal. Outputs TESTCK input when TESTEN is 
high and OFCDEF and OFCDEFB are both high or low, or 
outputs ring oscillator divided by 4 when TESTEN is low and 
CNTRLO is low and CNTRLOB is high. Otherwise, outputs high 
impedance. 

Applied Micro Circuits Corporation 
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Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 

LDENP TIL 0 

LDENN TIL 0 

PRT2 TIL 0 
PRT1 
PRTO 

VDD +5V -

GND ov -

4-10 

Pin # 

16 

17 

18 
19 
20 

1 

15 

Description 

Positive laser diode enable output, active High. Output of the 
state machine and should be tied to the positive enable pin of 
the laser diode transmitter. Each of the laser diode enable pins 
are independently capable of disabling the laser drive circuitry 
(via separate control paths). The enable pins are of opposite 
polarity to prevent voltage control problems from accidentally 
activating the laser. 

Negative laser diode enable output, active Low. Output of the 
state machine and should be tied to the negative enable pin of 
the laser diode transmitter. Each of the laser diode enable pins 
are independently capable of disabling the laser drive circuitry 
(via separate control paths). The enable pins are of opposite 
polarity to prevent voltage control problems from accidentally 
activating the laser. 

Pulse repetition time outputs. In normal operating mode, this bus 
monitors the output of the LOL2 and LOL 1 digital filters (on 
PRT2 and PRT1, respectively). Logic high represents loss of 
light. PRTO monitors the internal reset of the 82036. In TESTEN 
mode, PRT2 and PRT1 monitor the laser on output of state 
machines 2 and 1, while PRTO monitors the end of the counter 
chain (REFCLK/4096 or REFCLK/9192). 

Power supply (+5V) 

Ground 

Applied Micro Circuits Corporation 
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Figure 5. OFC Transceiver Connection Handshake Timing 
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Figure 6. OFC Transceiver Disconnect Handshake Timing 
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Figure 7. Suggested Circuit for 531.25 Mbitls Operation with S2044 in 10-Bit Mode 

53.125 MHz 
TIL 

REFCLK 

S2044 
XMIT 

LDENN ..._____.~,,.. 

S2036 

LDENP ..._____.~,.,. 

TCLK 1--------------t REFCKIN 

DATA 
10 

Suggested Circuit for 531.25 Mbit/s, 10 bit Data Path 
S2036 REFCKIN driven by S2044 TCLK 

APPLICATIONS SUGGESTIONS 

REFCKIN Connection Options 

The $2036 can be used with the $2044 or $2045 
with only the addition of attenuating resistors for the 
reference clock source. Figure 7 shows the connection 

53.125 MHz 

"O" 
"1" 
"1" 

CNTRL2 
CNTRL1/1B 
CNTRLO/OB 

of the reference clock with the $2044 operating in 
the 10 bit mode at 531 Mbit/s data rate. The clock 
trace lengths should be minimized. 

Figures 8-10 illustrate representative (but not ex
haustive) combinations of CNTRL inputs and 
REFCLKIN drive sources. 

Figure 8. Suggested Circuit for 1062.5 Mbitls Operation with S2044 in 20-Bit Mode 

4-12 

53.125 MHz 
TIL 

REFCLK 

S2044 
XMIT 

S2036 

LDENPl----4-~ 

TCLK 1-5- 3-.1-2-5-M-H-z-------< REFCLKIN 

DATA - 2+0--

Suggested Circuit for 1062.5 Mbit/s Operation 
S2036 REFCKIN driven by S2044 TCLK 

"O" 
"1" 

"1" 

CNTRL2 
CNTRL1/1B 
CNTRLO/OB 
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Figure 9. Suggested Circuit for 531.25 Mbitls Operation with S2044 in 20-Bit Mode 

53.125 MHz 
TTL 

REFCLK 

S2042 
XMIT 

S2036 

+5V 

LDENP,___..._~ 

TCLK t-----------tREFCLKIN 

DATA-2+0-~ 

Suggested Circuit for 531.25 Mbit/s Operation 
S2036 REFCKIN driven by S2044 TCLK 

26.5625 MHz 

"O" 
"O" 
"O" 

CNTRL2 
CNTRL1/1B 
CNTRL0/08 

Figure 10. Suggested Circuit for 265.625 Mbitls Operation with S2044 in 10-Bit Mode 

26.5625 MHz 
TTL 

REFCLK 

+5V 

S2044 
XMIT 

LDENN I----<-...:;,.. 

S2036 

LDENP I----<-...:;,.. 

TCLK 1--2-6-.5-6_2_5_M_H_z-----1 REFCKIN 

DATA -2...,0~-~ 

Suggested Circuit for 265.625 Mbit/s Operation 
S2036 REFCKIN driven by S2044 TCLK 
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LOL 1/1 B Single-Ended Application Figure 11. LOL1/1B Single-Ended TTL Input 

The LOL1/LOL1 B inputs are defined as PECL differ
ential inputs. The macro design allows either input to 
be set to a fixed voltage in a range from 1.25V to 
3.75V, and thus used as a threshold voltage for the 
other input. If the LOL 1 B input were connected to a 
resistor voltage divider providing -1.5V, the LOL1 
input can then be considered a single-ended TTL 
input. A suitable divider can be formed with a 33KW 
resistor and a 13KW resistor. For a Vee of 5.0V, this 
would provide a threshold of 1.4V. If the TTL input 
levels of VIHmin = 2.0V and VILmax = O.BV are as
sumed, the 1.4V threshold gives a minimum of 
600mV of margin. The macro requires 300mV for 
reliable switching, so this threshold gives a 2x mar
gin at worst case TTL input levels. 

Figure 12. 28-Pin Package and Pinout 

+5V 

VDD 
REFCKIN 

TOP 
VIEW .704 ± .005 

LI 
LNKCTRL 

POR 
OFCDEF 

CSRW 
CSSTROBE 

LOOPEN 
CNTRL1B 
CNTRLOB 

LOL1 
LOL1B 

LOL2 
TESTEN 

13KQ 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

LOL1 LOL (TTL) 
52036 

LOL1B 

28 TESTCK 
27 TESTOUT 
26 OFCDEFB 
25 CNTRL2 
24 LASERFLT 

TOP 
23 CNTRLO 
22 CNTRL1 

VIEW 21 LNKSTAT 
20 PRTO 
19 PRT1 
18 PRT2 
17 LDENN 
16 LDENP 
15 GND !->--~-.289 ±-.005 ---1--'! • I 

1----.406 ± .010 

.101 {010~.0921 .005 
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.018 TYP .050 PITCH TYP 

All dimensions are nominal in inches 
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Absolute Maximum Ratings 
Supply Voltage V0o 7.0V 

TTL Input Voltage Voo + 0.3V 

Operating Junction Temperature TJ +150°C 

Storage Temperature -55° to + 150°C 

Input Pin Current -10mA to 10mA 25°C 

Lead Temperature 300°C 10 sec. 

Recommended Operating Conditions 

Parameter MIN NOM MAX Unit 

Supply Voltage (Vool 4.75 5.0 5.25 v 
Operating Temperature 0 70 oc 

ambient ambient 

Junction Temperature 130 oc 
Supply Current (loo) 14 19 mA 

PECL Input DC Characteristics V00 = 4.75V to 5.25V 
~mbol Conditions MIN TYP MAX Unit 

V1H Voo-600 mV 

V1L Voo-2000 mV 

V10 2505 500 1400 mV 

l1H 20 µA 

l1L -1 µA 

TTL Input/Output DC Characteristics 
Symbol Parameter Test Conditions COMM. 0° TO 70°C Unit 

MIN TYP' MAX 
V1H2 Input voltage HIGH Guaranteed input HIGH 2.0 v 

voltage for all inputs 

V1L2 Input voltage LOW Guaranteed input LOW 0.8 v 
voltage for all inputs 

VoH Output voltage HIGH Voo = Min, loH = 2.4 v 
-4mA for TESTOUT 
-BmA for all other outputs 

Vol Output voltage LOW Voo = Min, loL = 0.4 v 
4 mA for TESTOUT 
8 mA for all other outputs 

lozH Output "otr current HIGH Voo =Max, VoUT = 2.4V -10 10 µA 

lozL Output "off' current LOW Voo =Max, VoUT = 0.4V -10 10 µA 

l1H Input current HIGH Voo = Max, V1N = Voo MAX see note 3 µA 

l1L Input current LOW Voo =Max, V1N = OV see note 4 µA 

1. Typical limits are at 25°C. V00 = 5.0V. 
2a. These input levels provide a zero noise immunity and should only be tested in a static, noise-free environment. 
2b. Use extreme care in defining input levels for dynamic testing. Many outputs may be changed at once, so there will be 

significant noise at the device pins and they may not actually reach V1L or V1H until the noise has settled. AMCC recom
mends using V1L,; 0.4V and V1H<: 2.4V for dynamic ITL testing and V1LMIN and V1HMAxfor PECL testing. 

3a. l1H (min)= 36µA; l1H (max)= 142µA for OFCDEF, TESTEN. 
3b. l1H (max)= 1 µA for all other inputs. 
4a. 11L = -1µA for REFCKIN. LNKCTRL, POR, CSRW, CSSTROBE, LOOPEN, CNTRL18, CNTRLOB, LOL2, CNTRL1, CNTRLO, 

LASERFLT, CNTRL2, TESTCK. 
4b. l1L (min) = -115µA; liL (max)= -33µA for OFCDEFB. 
5. Not production tested. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 4-15 

• 



AMCC 
$2036 OPEN FIBER CONTROL 

4-16 

Ordering Information 

AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: • Device Number 

S2036 A IT 

L 

Example: S2036A 

• Package Type 
• Optional Shipping Configuration 

Optional Shipping Configuration 
Blank = 25-unit tube 
ID =dry pack 
!TD= tape, reel and dry pack 

Package Option 
A = 28-pin Small Outline Integrated Circuit (SOIC) 

Device Number 

28-pin SOIC package, shipped in the standard tube, dry packed. 
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PRELIMINARY 
DEVICE SPECIFICATION 

AMCC® 
HIGH PERFORMANCE SERIAL INTERFACE CIRCUITS S2042/S2043 

FEATURES 
• Functionally compliant with ANSI X3T11 Fibre 

Channel physical and transmission protocol 
standards 

• S2042 transmitter incorporates phase-locked loop 
(PLL} providing clock synthesis from low-speed 
reference 

• S2043 receiver PLL configured for clock and 
data recovery 

• 1062, 531 and 266 Mb/s operation 
• 10- or 20-bit parallel TTL compatible interface 
• 1 watt typical power dissipation for chipset 
• +3.3/+5V power supply 
• Low-jitter serial PECL compatible interface 
• Lock detect 
• Local loopback 
• 1 Omm x 1 Omm 52 PQFP package 
• Fibre Channel framing performed by receiver 
• Continuous downstream clocking from receiver 
• TTL compatible outputs possible with +5V 1/0 

power supply 

APPLICATIONS 
High-speed data communications 

• Supercomputer/Mainframe 
• Workstation 
• Switched networks 
• Proprietary extended backplanes 
• Mass storage devices/RAID drives 

Figure 1. System Block Diagram 
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GENERAL DESCRIPTION 

The S2042 and S2043 transmitter and receiver pair 
are designed to perform high-speed serial data trans
mission over fiber optic or coaxial cable interfaces 
conforming to the requirements of the ANSI X3T11 
Fibre Channel specification. The chipset is select
able to 1062, 531 or 266 Mbit/s data rates with 
associated 10- or 20-bit data word. 

The chipset performs parallel-to-serial and serial-to
parallel conversion and framing for block-encoded 
data. The S2042 on-chip PLL synthesizes the high
speed clock from a low-speed reference. The S2043 
on-chip PLL synchronizes directly to incoming digital 
signals to receive the data stream. The transmitter 
and receiver each support differential PECL-compat
ible 1/0 for fiber optic component interfaces, to 
minimize crosstalk and maximize data integrity. Lo
cal loopback allows for system diagnostics. The TTL 
1/0 section can operate from either a +3.3V or a +5V 
power supply. With a 3.3V power supply the chipset 
dissipates only 1 W typically. 

Figure 1 shows a typical network configuration incor
porating the chipset. The chipset is compatible with 
AMCC's S2036 Open Fiber Control (OFC) device. 
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AMCC 
S2042/S2043 HIGH PERFORMANCE SERIAL INTERFACE CIRCUITS 

OVERVIEW 

The S2042 transmitter and S2043 receiver provide 
serialization and deserialization functions for block
encoded data to implement a Fibre Channel interface. 
Operation of the S2042/S2043 chips is straightfor
ward, as depicted in Figure 2. The sequence of 
operations is as follows: 

Transmitter 
1 . 10/20-bit parallel input 
2. Parallel-to-serial conversion 
3. Serial output 

Receiver 
1. Clock and data recovery from serial input 
2. Serial-to-parallel conversion 
3. Frame detection 
4. 1 0/20-bit parallel output 

The 10/20-bit parallel data handled by the S2042 and 
S2043 devices should be from a DC-balanced encod
ing scheme, such as the 88/1 OB transmission code, 
in which information to be transmitted is encoded 8 
bits at a time into 10-bit transmission characters. 

Internal clocking and control functions are transparent to 
the user. Details of data timing can be seen in Figure 5. 

A lock detect feature is provided on the receiver, 
which indicates that the PLL is locked (synchronized) 
to the reference clock or the data stream. 

Figure 3. 52042 Functional Block Diagram 

Loop back 

Local loopback is supported by the chipset, and pro
vides a capability for performing offline testing of the 
interface to ensure the integrity of the serial channel 
before enabling the transmission medium. It also al
lows for system diagnostics. 

Fi ure 2. Fibre Channel Interface Dia ram 
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S2042 TRANSMITTER FUNCTIONAL 
DESCRIPTION 

The S2042 transmitter accepts parallel input data 
and serializes it for transmission over fiber optic or 
coaxial cable media. The chip is fully compatible with 
the ANSI X3T11 Fibre Channel standard, and sup
ports the Fibre Channel standard's data rates of 1 062, 
531 and 266 Mbit/sec. 

The parallel input data word can be either 10 bits or 
20 bits wide, depending upon DWS pin selection. A 
block diagram showing the basic chip operation is 
shown in Figure 3. 

OEO ------------------
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AMCC 
HIGH PERFORMANCE SERIAL INTERFACE CIRCUITS S2042/S2043 

Parallel/Serial Conversion 

The parallel-to-serial converter takes in 10-bit or 20-
bit wide data from the input latch and converts it to a 
serial data stream. Parallel data is latched into the 
transmitter on the positive going edge of REFCLK. 
The data is then clocked synchronous to the clock 
synthesis unit serial clock into the serial output shift 
register. The shift register is clocked by the internally 
generated bit clock which is 10 times the REFCLK 
input frequency. The state of the serial outputs is 
controlled by the output enable pins, OEO and OE1. 
D 10 is transmitted first in 10-bit mode. DO is trans
mitted first in 20-bit mode. Table 2 shows the mapping 
of the parallel data to the 88/1 OB codes. 

1 O-Bit/20-Bit Mode 

The S2042 operates with either 10-bit or 20-bit par
allel data inputs. Word width is selectable via the 
DWS pin. In 10-bit mode, 010-019 are used and 
00-09 are ignored. 

Reference Clock Input 

The reference clock input (REFCLK) must be sup
plied with a single-ended AC coupled crystal clock 
source with 100 PPM tolerance to assure that the 
transmitted data meets the Fibre Channel frequency 
limits. The internal serial clock is frequency locked to 
the reference clock. The word rate clock (TCLK, TCLKN) 
output frequency is determined by the selected oper
ating speed and word width. Refer to Table 1 for 
TCLK/TCLKN clock frequencies. 

Table 1. Transmitter Operating Modes 

Reference 
Word Clock TCLK/TCLKN 

Data Rate Lt;:;:& Frequency Frequency 
RATES~ DWS REFS~ Mblts/sec;l_ _iMH& _iMH& 

0 1 1 1062.5 10 106.25 53.125 
0 0 0 1062.5 20 53.125 53.125 

1 1 1 531.25 10 53.125 53.125 
1 0 0 531.25 20 26.5625 26.5625 

Open 1 1 265.625 10 26.5625 26.5625 

Table 2. Data Mapping to Bb/10b Alphabetic Representation 
First Data Byte 

0 1 2 3 4 5 6 

a b c d e 

+ First bit transmitted in 20-bit mode 

Figure 4. 52043 Functional Block Diagram 
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AMCC 
S2042/S2043 HIGH PERFORMANCE SERIAL INTERFACE CIRCUITS 

Figure 5. Functional Waveform 
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S2043 RECEIVER FUNCTIONAL 
DESCRIPTION 

The S2043 receiver is designed to implement the 
ANSI X3T11 Fibre Channel specification receiver 
functions. A block diagram showing the basic chip 
function is provided in Figure 4. 

Whenever a signal is present, the S2043 attempts to 
achieve synchronization on both bit and transmis
sion-word boundaries of the received encoded bit 
stream. Received data from the incoming bit stream 
is provided on the device's parallel data outputs. 

The S2043 accepts serial encoded data from a fiber 
optic or coaxial cable interface. The serial input stream 
is the result of the serialization of 88/1 OB encoded 
data by an FC compatible transmitter. Clock recov
ery is performed on-chip, with the output data 
presented to the Fibre Channel transmission layer 
as 10- or 20-bit parallel data. The chip is program
mable to operate at the Fibre Channel specified 
operating frequencies of 1062, 531 and 266 Mbit/s. 

Serial/Parallel Conversion 

Serial data is received on the RX, RY pins. The PLL 
clock recovery circuit will lock to the data stream if the 
clock to be recovered is within ±100 PPM of the inter
nally generated bit rate clock. The recovered clock is 

4-20 

Second Data Byte 
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h abcde fgh 

+ First bit received in 10-bit mode 

used to retime the input data stream. The data is 
then clocked into the serial to parallel output regis
ters on the low going edge of RCLK. In 1 062 Mbit/ 
sec, 10-bit mode, data is clocked out on the falling 
edge of RCLK and RCLKN.The parallel data out can 
be either 1 O or 20 bits wide determined by the state 
of the OWS pin. The word clock (RCLK) is synchro
nized to the incoming data stream word boundary by 
the detection of the fiber channel K28.5 synchroniza
tion pattern (0011111010, positive running disparity). 

1 O·Bit/20-Bit Mode 

The S2043 will operate with either 10-bit or 20-bit 
parallel data outputs. This option is selectable via 
the OWS pin. See Table 4. In 10-bit mode, 010-019 
are used and 00-09 are driven to the logic high state. 

Reference Clock Input 

The reference clock input must be supplied with a single
ended AC coupled crystal clock source at ±100 PPM 
tolerance. See Table 4 for reference clock frequencies. 

Framing 

The S2043 provides SYNC character recognition and 
data word alignment of the TTL level compatible output 
data bus. In systems where the SYNC detect function 
is undesired, a LOW on the SYNCEN input disables 
the SYNC function and the data will be "un-framed". 

Applied Micro Circuits Corporation 
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AMCC 
HIGH PERFORMANCE SERIAL INTERFACE CIRCUITS S2042/S2043 

Figure 6. Loopback Interface Diagram 
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When framing is disabled by low SYNCEN, the S2043 
simply achieves bit synchronization within 250 bit times 
and begins to deliver parallel output data words whenever 
it has received full transmission words. No attempt is made 
to synchronize on any particular incoming character. The 
SYNCEN input should be static during operation (i.e. 
connected to VCC or GND). The S2043 will not main
tain the existing byte synchronization when SYNCEN 
transitions from the active to inactive state. 

The SYNC output signal will go high whenever a 
K28.5 character (positive disparity) is present on the 
parallel data outputs. The SYNC output signal will be 
low at all other times. This is true whether the S2043 
is operating in 10-bit mode or in 20-bit mode. In 20-
bit mode, the K28.5 byte will always be placed in the 
MSB (D0-09). In 10-bit mode, the K28.5 will be 
clocked with the RCLKN output. 

Lock Detect 

The S2043 Jock detect function indicates the state of 
the phase-Jocked loop (PLL) clock recovery unit. The 
PLL will indicate lock within 250 bit times after the 
start of receiving serial data inputs. If the serial data 
inputs have an instantaneous phase jump (from a 
serial switch, for example) the PLL will not indicate 
an out-of-lock state, but will recover the correct phase 
alignment within 250 bit times. If a run length of 64 
bits is exceeded, or if the transition density is Jess 
than 12%, the loop will be declared out of lock and 
will attempt to re-acquire bit synchronization. When 
lock is lost, the PLL will shift from the serial input 
data to the reference clock, so that correct frequency 
downstream clocking will be maintained. 

In any transfer of PLL control from the serial data to 
the reference clock, the RCLK/RCLKN output remains 
phase continuous and glitch free, assuring the integ
rity of downstream clocking. 

Applied Micro Circuits Corporation 
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Table 4. Receiver Operating Modes 

Reference 
Word Clock RCLK/RCLKN 

RATESEL DWS Lff;~ It~~~~~~ REFS~ F1~':i~y F~':t"&cy 
0 1 1 1062.5 10 106.25 53.125 
0 0 0 1062.5 20 53.125 53.125 

1 1 1 531.25 10 53.125 53.125 
1 0 0 531.25 20 26.5625 26.5625 

Open 1 1 265.625 10 26.5625 26.5625 

Start-Up Procedure 

The clock recovery PLL requires an initilization proce
dure to correctly achieve Jock on the serial data inputs. 
At power-up or Joss of Jock, the PLL must first acquire 
frequency lock to the local reference clock. This can be 
accomplished in three ways: 1) The -LOCK_REF pin 
can be connected to a 10 ms reset signal to initialize 
the PLL. 2) By guaranteeing that no data is seen at the 
serial data inputs for a minimum of 10 ms upon power
up. 3) The S2043 can be put into the Joopback mode 
and the loopback outputs of the S2042 must be quies
cent for a minimum of 10 ms after power-up. 

Other Operating Modes 

Loopback 

Local Joopback requires a S2042 and a S2043 as shown 
in the Figure 6. When enabled, serial data from the 
S2042 transmitter is sent to the S2043 receiver, where 
the clock is extracted and the data is deserialized. The 
parallel data is then sent to the subsystem for verifica
tion. This Joopback mode provides the capability to 
perform offline testing of the interface to guarantee the 
integrity of the serial channel before enabling the trans
mission medium. It also allows system diagnostics. 

Operating Frequency Range 

The S2042 and S2043 are optimized for operation at 
the Fibre Channel rates of 266, 531 and 1062 Mbit/s. 
Operation at other than Fibre channel rates is pos
sible if the rate falls within ±10% of the nominal rate. 
REFCLK must be selected to be within 100 ppm of 
the desired byte or word clock rate. 

Test Modes 

The TEST pin on the S2042 and the SYNCEN pin on 
the S2043 provide a PLL bypass mode that can be 
used for operating the digital area of the chip. In this 
mode, clock signals are input through the reference 
clock pins. This can be used for testing the device 
during the manufacturing process or during an off
line self-test. Sync detection is always enabled in 
test mode. 
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AMCC 
$2042/$2043 HIGH PERFORMANCE SERIAL INTERFACE CIRCUITS 

52042 Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin # 

D19 TTL I 50 
D18 49 
D17 48 
D16 47 
D15 44 
D14 43 
D13 42 
D12 41 
D11 38 
D10 37 
09 36 
DB 35 
D7 31 
D6 30 
05 29 
D4 28 
D3 25 
02 24 
01 23 
DO 22 

TEST Static I 20 
Multi-
Level 
TTL 

DWS I 19 
TTL 

REFCLK PECL I 16 

TCLK Diff. 0 12 
TCLKN TTL 11 

TY Diff. 0 9 
TX PECL 8 

TLX Diff. 0 5 
TLY PECL 4 

4-22 

Description 

Accepts parallel input data. Data is clocked in on the rising edge 
of REFCLK. In 20-bit mode, DO is transmitted first. In 10-bit 
mode, D10-19 are used, DO-D9 are ignored, and D1 O is 
transmitted first. 

Multilevel input used for factory testing. When not connected, 
REFCLK replaces the internal bit clock to facilitate factory 
testing. In normal use, this input is wired to ground. 

The level on this pin selects the parallel data bus width. When 
LOW, a 20-bit parallel bus width is selected, and D(0-19) are 
active. When HIGH, a 10-bit parallel data bus is selected, D(10-
19) are active and D(0-9) are not used. (See Table 1.) A rising 
edge will reset the part (used for test). 

(Externally capacitively coupled.) A crystal-controlled reference 
clock for the PLL clock multiplier. The frequency of REFCLK is 
set by the REFSEL pin. (See Table 1.) 

Differential TTL word rate clock true and complement. See 
Table 1 for frequency. 

Differential PECL outputs that transmit the serial data and drive 
75W or SOW termination to Vcc-2V. Enabled by OEO. TX is the 
positive output, and TY is the negative output. 

Differential PECL outputs that are functionally equivalent to TX 
and TY. They are intended to be used for loopback testing. 
Enabled by OE1. 

Applied Micro Circuits Corporation 
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AMCC 
HIGH PERFORMANCE SERIAL INTERFACE CIRCUITS S2042/S2043 

52042 Pin Assignment and Descriptions (Continued) 

Pin Name Level 110 Pin # Description 

OEO Static I 2 Active low output-enable control for n<rrY outputs. TX!fY will 
TTL go to the logic low state when disabled. 

OE1 I 1 Active low output-enable control for TLXITL Y outputs. TLXITL Y 
TTL will go to the logic low state when disabled. 

REFS EL Static I 18 Multilevel input used to select the reference clock frequency. 
Multi- (See Table 1.) 

TTL 

RATESEL I 15 Multilevel input used to select the operating speed of the 
transmitter. (See Table 1.) • TTL 

ECLVCC +3.3V - 21, 39, Core +3.3V 
45 

TTLGND GND - 14 TTL Ground 

TTLVCC +3.3V/ - 17 TTL Power Supply (+5V if TTL) 
+5V 

ECLIOVCC +3.3V - 3, 10 PECL 1/0 Power Supply 

ECLIOVEE GND - 6, 7 PECL 1/0 Power Supply 

AVCC +3.3V - 27,32 Analog Power Supply 

AVEE GND - 26,33 Analog Ground 

ECLVEE GND - 13, 34, Core Ground 
40, 46, 
51, 52 

Applied Micro Circuits Corporation 
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AMCC 
S2042/S2043 HIGH PERFORMANCE SERIAL INTERFACE CIRCUITS 

52043 Pin Assignment and Descriptions 

Pin Name Level 110 Pin # 

D19 TIL 0 45 
D18 43 
D17 42 
D16 40 
015 38 
014 37 
013 35 
012 34 
011 32 
010 31 
D9 29 
DB 28 
D7 25 
06 24 
05 22 
D4 21 
03 18 
02 17 
D1 15 
DO 14 

LOCKDETN TIL 0 52 

LPEN TIL I 8 

DWS Static I 4 
TIL 

RCLK Diff. 0 49 
RCLKN TIL 48 

REFCLK Analog I 2 

SYNC TIL 0 51 

RLX Diff. I 11 
ALY PECL 12 

RX Diff. I 9 
RY PECL 10 

4-24 

Description 

Parallel data outputs. The width of the parallel data bus is 
selected by the state of the DWS pin. Parallel data on this bus is 
clocked out on the falling edge of RCLK in 20-bit mode and on 
both the falling edges of RCLK and RCLKN in 1062.5 Mbit/sec, 
10-bit mode. In 20-bit mode, DO is the first bit received. In 10-bit 
mode, 010-D19 are used and DO-D9 are driven to the high 
state. In 10-bit mode, 01 O is the first bit received. 

When LOW, LOCKDETN indicates that the PLL is locked to the 
incoming data stream. When HIGH, it provides a system flag 
indicating that the PLL is locked to the local reference clock. 

When HIGH, LPEN selects the loopback differential serial input 
pins. When LOW, LPEN selects RX and RY (normal operation). 

The level on this pin selects the parallel data bus width. When 
LOW, a 20-bit parallel bus width is selected, and D(0-19) are 
active. When HIGH, a 10-bit parallel data bus is selected, 0(10-
19) are active and D(0-9) will go HIGH. (See Table 4.) A rising 
edge will reset the internal counters (used for test). 

Parallel data is clocked out on the falling edge of RCLK/RCLKN 
(see Timing Diagrams in Figures 15-18). After a sync word is 
detected, the period of the current RCLK and RCLKN is 
stretched to align with the word boundary. (See Table 4 for 
frequency.) 

(Externally capacitively coupled.) A free-running crystal-
controlled reference clock for the PLL clock multiplier. The 
frequency of REFCLK is set by the REFSEL pin. (See Table 4.) 

Upon detection of a valid sync symbol, this output goes high for 
one RCLK period. When sync is active, the sync symbol shall be 
present on the parallel data bus bits D0-09 in 20-bit mode and 
D1O-D19 in 10-bit mode. 

(Externally capacitively coupled.) The serial loopback data 
inputs. RLX is the positive input, and RL Y is the negative input. 

(Externally capacitively coupled.) The received serial data 
inputs. RX is the positive input, and RY is the negative input. 
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AMCC 
HIGH PERFORMANCE SERIAL INTERFACE CIRCUITS S2042/S2043 

52043 Pin Assignment and Descriptions (Continued) 

Pin Name Level 110 Pin# Description 

SYNC EN Static I 3 (Multilevel.) When HIGH, enables sync detection. Detection of 
Multi- the sync pattern (K28.5:0011111010, positive running disparity) 
Level will enable the word boundary for the data to follow. When open 
TTL (not connected), REFCLK replaces internal bit clock to facilitate 

factory testing. In this mode of operation, sync detection is 
always enabled. When LOW, data is treated as unframed data. 

REFSEL Static I 30 (Multilevel.) Input used to select the reference clock frequency. 
Multi- (See Table 4.) 
Level 
TTL 

RATESEL Static I 20 (Multilevel.) Input used to select the operating speed of the • Multi- receiver. (See Table 4.) 
Level 
TTL 

LOCK_REF TTL I 50 When LOW, forces the PLL to lock to the REFCLK input and 
ignore the serial data inputs. 

ECLVCC +3.3V - 13, 27, Core Power Supply 
39 

TTLGND GND - 16, 33, TTL Ground 
41, 46 

TTLVCC +3.3V/ - 19, 23, TTL Power Supply (+5V if TTL) 
+5V 36, 44 

AVCC +3.3V - 7 Analog Power Supply 

AVEE GND - 5,6 Analog Ground 

ECLVEE GND - 1,26,47 Core Ground 
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AMCC 
$2042/$2043 HIGH PERFORMANCE SERIAL INTERFACE CIRCUITS 

Figure 7. 52 PQFP Pinouts 
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AMCC 
HIGH PERFORMANCE SERIAL INTERFACE CIRCUITS S2042/S2043 

Figure 8. 52 PQFP Package 
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AMCC 
S2042/S2043 HIGH PERFORMANCE SERIAL INTERFACE CIRCUITS 

Absolute Maximum Ratings 
PARAMETER MIN 

Case Temperature under Bias ·55 

Junction Temperature under Bias ·55 

Storage Temperature ·65 

Voltage on VCC with Repect to GND ·0.5 

Voltage on any TTL Input Pin ·0.5 

Voltage on any PECL Input Pin 0 

TTL Output Sink Current 

TTL Output Source Current 

High Speed PECL Output Source 
Current 

Static Discharge Voltage 

Recommended Operating Conditions 
PARAMETER MIN 

Ambient Temperature under Bias 0 

Junction Temperature under Bias 

Voltage on TTLVCC with Respect to 
GND 

4.75 
5V Operation 

3.13 
3.3V Operation 

Voltage on any TTL Input Pin 0 

Voltage on ECLVCC with respect to 
3.13 

GND 

Voltage on any PECL Input Pin 
ECLVCC 

·2.0V 

Reference Clock Requirements 

Parameters Description Min Max 

FT Frequency Tolerance S2042 ·100 +100 

FT Frequency Tolerance S2043 ·100 +100 

TD1.2 Symmetry 40 60 

TRCR• TRCF REFCLK Rise and Fall Time - 2 

- Random Jitter 

4-28 

TYP MAX UNIT 
125 'C 

150 'C 

150 'C 

+7.0 v 
+5.5V v 
VCC v 

8 mA 

8 mA 

50 mA 

500 v 

TYP MAX UNIT 

70 'C 

130 'C 

5.0 5.25 v 
3.3 3.47 v 

TTLVCC v 

3.3 3.47 v 

ECLVCC v 

Units Conditions 

ppm -
ppm -
% Duty Cycle at 50% pt. 

ns 20-80% 

ps Peak-to-Peak 
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52042 DC Characteristics 

Parameters Description Min Typ Max Units Conditions 

VoH Output HIGH Voltage (TIL) 
- 3.3V Power Supply 2.1 v Vee= min, loH = -2.4mA 
- 3.3V Power Supply 2.2 v Vee= min, 10 H = -.1mA 
- SV Power Supply 2.7 v Vee= min, loH = -1mA 

Vol Output LOW Voltage (TIL) 
- 3.3V Power Supply .5 v Vee =min, loL = 2.4mA 
- SV Power Supply .5 v Vee= min, loL = 4mA 

V1H Input HIGH Voltage (TIL) 2.0 - 5.5 v IH :S 1mA at V1H = 5.SV 

VIL Input LOW Voltage (TIL) 0 - 0.8 v -

11H Input HIGH Current (TIL) - - 50 µA V1N =2.4V 

11L Input LOW Current (TIL) -500 - -50 µA VIN =0.SV 

1cc Supply Current 123 160 mA Outputs open, V CC = V cc max • Po Power Dissipation .406 .554 w Outputs open, V CC = V CC max 

Ll.VINCLK Single-ended REFCLK input swing 440 - 1300 mV AC coupled 

Ll.Vour Serial Output Voltage Swing 600 - 1600 mV son to Vee -2.ov 

52043 DC Characteristics 

Parameters Description Min Typ Max Units Conditions 

VoH Output HIGH Voltage (TIL) 
- 3.3V Power Supply 2.1 v Vee= min, loH = -2.4mA 
- 3.3V Power Supply 2.2 v Vee= min, 10 H = -.1mA 
- SV Power Supply 2.7 v Vee= min, loH = -1mA 

Vol Output LOW Voltage (TIL) 
- 3.3V Power Supply .5 v Vee= min, loL = 2.4mA 
- SV Power Supply .5 v Vee= min, loL = 8mA 

V1H Input HIGH Voltage (TIL) 2.0 - 5.5 v IH;; 1mA at VIH = 5.SV 

VIL Input LOW Voltage (TIL) 0 - 0.8 v -

11H Input HIGH Current (TIL) - - 50 µA VIN= 2.4V 

11L Input LOW Current (TIL) -500 - -50 µA VIN= 0.SV 

1cc Supply Current 
- 10-Bit Mode 187 256 mA Outputs open, V cc = V CC max 
- 20-Bit Mode 194 267 mA Outputs open, V cc = V cc max 

Po Power Dissipation 
- 3.3V Supply, 10-Bit Mode .617 .887 w Outputs open, Vee= Vee max 
- 3.3V Supply, 20-Blt Mode .640 .925 w Outputs open, Vee= Vee max 
- 5V Supply, 10-Bit Mode .728 1.08 w Outputs open, Vee= Vee max 
- 5V Supply, 20-Bit Mode .778 1.142 w Outputs open, Vee= Vee max 

Ll.VINCLK Single-ended REFCLK input swing 440 - 1300 mV AC coupled 

VDIFF Min. differential input voltage 100 1300 mV 
swing for differential PECL 
inputs 

Applied Micro Circuits Corporation 
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Table 5. AC Characteristics 

Parameters Description Min Max Units Conditions 

T1 REFCLK to TCLK 1.0 4.0 ns -

T2 Data setup w.r.t. REFCLK 1.0 - ns -

T3 Data hold w.r.t. REFCLK 2.0 - ns -
T4 Data setup w.r.t. TCLK 5 ns 

Ts Data hold w.r.t. TCLK 1 ns 

TCR•TCF TCLK rise and fall time - 5.0 ns 10% to 90%, tested on a sample basis. 

TsoR·TsoF Serial data rise and fall - 300 ps 20% to 80%, tested on a sample basis. 

T5 TCLK to TCLKN Skew - 1 ns Tested on a sample basis. 

Toe TCLK, TCLKN Duty Cycle 40 60 % -
Transmitter Output Jitter Allocation 

TJRMS Serial data output random - 20 ps RMS, tested on a sample basis. 
jitter(RMS) Measured with 1010 pattern. 

ToJ Serial data output - 100 ps Peak-to-peak, tested.on a sample basis. 
deterministic jitter (p-p) Measured with IDLE pattern. 

Note: All AC measurements are made from the reference voltage level of the clock (1.4V) to the valid input or output 
data levels (.BV or 2.0V). All TTL AC measurements are assumed to have the output load of 1 OpF. 

Table 6. 52043 Receiver Timing 

Parameters Description Min Max Units Conditions 

T3 RCLK to RCLKN skew - 1 ns Tested on a sample basis. 

T4 Data set-up time 3.0 - ns 1062 Mbit/sec, 10-bit mode. 

Ts Data hold time 1.5 - ns 1062 Mbitlsec, 10-bit mode. 

Ts Data set-up time 2.5 - ns 1062, 531 Mbitfsec, 20-bit mode. 
531, 266 Mbitlsec, 20-bit mode. 

T1 Data hold time 7.5 - ns 1062, 531 Mbitfsec, 20-bit mode. 
531, 266 Mbitlsec, 20-bit mode. 

TRCR•TRCF RCLK rise and fall time - 5.0 ns 10% to 90%, tested on a sample basis. 

TDR•TDF Data Output rise and fall time - 5.0 ns 10% to 90%, tested on a sample basis. 

TsDR•TSDF Serial data input rise and fall - 300 ps 20%to 80%. 

TLOCK Data acquisition lock time @ - 2.4 µs 
BB/1 OB IDLE pattern sample basis 

<1.0625Gb/s 

Duty Cycle RCLK/RCLKN Duty Cycle 40% 60% 

Input Jitter 
Input data eye opening 

30% - bit time As specified in Fibre Channel FC-PH 

Tolerance allocation at receiver input standard eye diagram jitter mask. 
for BER :;;1E-12 

Note: All AC measurements are made from the reference voltage level of the clock (1.4V) to the valid input or output data levels (.BV or 
2.0V). All TTL AC measurements are assumed to have the output load of 10pF. 
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Figure 9. Transmitter Timing Diagram (531, 266 Mbitslsec, 10-bit mode) 

REFCLK 

10 BIT DATA (D10-D19) 

TCLKN 

TCLK 

SERIAL 
DATA OUT 

Figure 10. Transmitter Timing Diagram (531, 266 Mbits/sec, 20-bit mode} 

REFCLK 

20 BIT DATA 

TCLKN 

TCLK 
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DATA OUT 
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4-32 

Figure 11. Transmitter Timing Diagram (1062 Mbits/sec, 10-bit mode) 

REFCLK (106.25 MHz) 

10 BIT DATA 

TCLKN (53.125 MHz) 
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SERIAL 
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Figure 12. Transmitter Timing Diagram (1062 Mbitslsec, 20-bit mode) 
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20 BIT DATA 
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Figure 13. Receiver Timing Diagram (531, 266 Mbitslsec, 10-bit mode) 
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Figure 14. Receiver Timing Diagram (531 Mbits/sec, 20-bit mode} 
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Figure 15. Receiver Timing Diagram (1062 Mbitslsec, 10-bit mode) 
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Figure 16. Receiver Timing Diagram (1062 Mbits/sec, 20-bit mode) 
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Figure 17. Serial Input Rise and Fall Time ACQUISITION TIME 

With the input eye diagram shown in Figure 21, the 
S2043 will recover data with a 10-9 BER within 50 bit 
times after an instantaneous phase shift of the in
coming data. 

Figure 18. Serial Output Load Figure 21. Acquisition Time Eye Diagram 

Figure 19. TTL Input and Output Rise and Fall Time 

Figure 20. Receiver Input Eye Diagram Jitter Mask 

Bit Time 

30 
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Ordering Information 

GRADE TRANSMITTER PACKAGE SPEED GRADE 

S - commercial 2042 8-52 PQFP 10 - 1062, 531, 266 Mbit/s 

GRADE RECEIVER PACKAGE SPEED GRADE 

S - commercial 2043 8-52 PQFP 10 - 1062, 531, 266 Mbit/s 

~ \ I / 
x xxxx x xx 

Grade P"iii1"miiiiber Package Speed Grade 

Example: 820428-05 - S2042 in a 52 PQFP package operating at 
531 or 266 Mbit/sec rates. 

Applied Micro Circuits Corporation 
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PRELIMINARY 
DEVICE SPECIFICATION 

AMCC® 
GLM COMPLIANT SERIAL INTERFACE CIRCUITS S2044/S2045 

FEATURES 
• Complies with the electrical and link levels of 

the Gigabaud Link Module (GLM) specification 
• Functionally compliant with ANSI X3T11 Fibre 

Channel physical and transmission protocol 
standards 

• S2044 transmitter incorporates phase-locked 
loop (PLL) providing clock synthesis from low
speed reference 

• S2045 receiver PLL configured for clock and 
data recovery 

• 1062 Mb/s (GLM), 531 Mb/s (HGLM) and 
266 Mb/s (QGLM) operation 

• 10- or 20-bit parallel TTL compatible interface 
• 1 watt typical power dissipation for chipset 
• +3.3/+5V power supply 
• Low-jitter serial PECL compatible interface 
• Lock detect 
• Local loopback 
• Compact 52 PQFP package 
• Fibre Channel framing performed by receiver 
• Continuous downstream clocking from receiver 
• TTL compatible outputs possible with +5V 110 

power supply 

APPLICATIONS 
High-speed data communications 
• Mainframe/Workstation 
• Switched networks 
• Proprietary extended backplanes 
• Mass storage devices/RAID drives 

Figure 1. System Block Diagram 

Fibre 
Channel 

Controller 

Applied Micro Circuits Corporation 
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Fiber 
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GENERAL DESCRIPTION 

The S2044 and S2045 transmitter and receiver pair 
are designed to perform high-speed serial data trans
mission over fiber optic or coaxial cable interfaces 
conforming to the requirements of the ANSI X3T11 
Fibre Channel specification. The chipset is Gigabaud 
Link Module (GLM) compliant and supports 1062 Mb/s 
(GLM) and 531 Mb/s Half-GLM (HGLM) and 266 Mb/s 
Quarter-GLM (QGLM) modes with associated 10 or 
20-bit data word. 

The chipset performs parallel-to-serial and serial-to
parallel conversion and framing for block-encoded 
data. The S2044 on-chip PLL synthesizes the high
speed clock from a low-speed reference. The S2045 
on-chip PLL synchronizes directly to incoming digital 
signals, to receive the data stream. The transmitter 
and receiver each support differential PECL-compat
ible 1/0 for fiber optic component interfaces, to 
minimize crosstalk and maximize data integrity. Local 
loopback allows for system diagnostics. The 1/0 sec
tion can operate from either a +3.3V or a +5V power 
supply. With a 3.3V power supply the chipset dissi
pates only 1 W typically. 

Figure 1 shows a typical network configuration incor
porating the chipset. The chipset is compatible with 
AMCC's S2036 Open Fiber Control (OFC) device. 

82036 
Open 
Fiber 

Control 
(OFC) 

Fibre 
Channel 

Controller 
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OVERVIEW 

The S2044 transmitter and S2045 receiver provide 
serialization and deserialization functions for block
encoded data to implement a Fibre Channel interface. 
Operation of the S2044/S2045 chips is straightfor
ward, as depicted in Figure 2. The sequence of 
operations is as follows: 

Transmitter 
1 . 1 0/20-bit parallel input 
2. Parallel-to-serial conversion 
3. Serial output 

Receiver 
1 . Clock and data recovery from serial input 
2. Serial-to-parallel conversion 
3. Frame detection 
4. 10/20-bit parallel output 

The 10/20-bit parallel data handled by the S2044 and 
S2045 devices should be from a DC-balanced en
coding scheme, such as the 88/1 OB transmission 
code, in which information to be transmitted is en
coded 8 bits at a time into 10-bit transmission characters1• 

Internal clocking and control functions are transparent to 
the user. Details of data timing can be seen in Figure 5. 

A lock detect feature is provided on the receiver, which 
indicates that the PLL is locked (synchronized) to the 
data stream. 

Figure 3. 52044 Functional Block Diagram 

[TX_SI] 
[] OEO 

OE1 

[Tx{00:19)] 0(19 .. 0) 

[+SI] 
[-SI] -

TEST 

DWS 

REFS EL 

RATESEL 

[TBC] REFCLK 

[ ] = GLM Interface Pins 

Loop back 

Local loopback is supported by the chipset, and pro
vides a capability for performing offline testing of the 
interface to ensure the integrity of the serial channel 
before enabling the transmission medium. It also al
lows for system diagnostics. 

Figure 2. Fibre Channel Interface Diagram 

Parallel Parallel 
Data In 

Serial 
Data Out 

TCLK S2044 
Data 

S2045 
RCLK 

Transmitter Receiver 

L opback 
Sync 

RefClk RefClk 
Loop back 

Lock 
Detect 

Table 1. Transmitter Operating Modes 

Reference 
Word Clock TCLK!fCLKN 

RATES~ REFS~ 
Data Rate ;~ Frequency F1~~&cy DWS k_Mbits/se~ ~H& 

0 1 1 1062.5 10 106.25 53.125 
0 0 0 1062.5 20 53.125 53.125 

1 1 1 531.25 10 53.125 53.125 
1 0 0 531.25 20 26.5625 26.5625 

Open 1 1 265.625 10 26.5625 26.5625 

1. A.X. Widmer and P.A. Franaszek, "A Byte-Oriented DC Balanced (0,4) 8B/10B Transmission Code," IBM Research Report RC 9391, May 1982. 

4-38 
Applied Micro Circuits Corporation 

6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



AMCC 
GLM COMPLIANT SERIAL INTERFACE CIRCUITS S2044/S2045 

S2044 TRANSMITTER FUNCTIONAL 
DESCRIPTION 
The 52044 transmitter accepts parallel input data 
and serializes it for transmission over fiber optic or 
coaxial cable media. The chip is fully compatible with 
the ANSI X3T11 Fibre Channel standard, and sup
ports the Fibre Channel standard's data rates of 1062, 
531 and 266 Mbit/sec. 

The parallel input data word can be either 1 O bits or 
20 bits wide, depending upon DWS pin selection. A 
block diagram showing the basic chip function is 
shown in Figure 3. 

Parallel/Serial Conversion 

The parallel-to-serial converter takes in 10-bit or 20-
bit wide data from the input latch and converts it to a 
serial data stream. Parallel data is latched into the 
transmitter on the positive going edge of REFCLK. 
The data is then clocked synchronous to the clock 
synthesis unit serial clock into the serial output shift 
register. The shift register is clocked by the internally 

generated bit clock which is 1 O times the REFCLK 
input frequency. The state of the serial outputs is 
controlled by the output enable pins, OEO and OE1. 
01 O is transmitted first in 10-bit mode. DO is transmit
ted first in 20-bit mode. Table 2 shows the mapping 
of the parallel data to the 88/1 OB codes. 

10-Bit/20-Bit Mode 

The 52044 operates with either 10-bit or 20-bit parallel 
data inputs. Word width is selectable via the DWS pin. In 
10-bit mode, 010--019 are used and D0-09 are ignored. 

Reference Clock Input 

The reference clock input (REFCLK) must be sup
plied with a PECL single-ended AC coupled crystal 
clock source with 100 PPM tolerance to assure that 
the transmitted data meets the Fibre Channel fre
quency limits. The internal serial clock is frequency 
locked to the reference clock. The word rate clock 
(TCLK, TCLKN) output frequency is determined by 
the selected operating speed and word width. Refer 
to Table 1 for TCLK/TCLKN clock frequencies. 

Table 2. Data Mapping to Bb/10b Alphabetic Representation 
First Data Byte 

0 1 2 3 4 5 6 7 

a b c d e g 

t First bit transmitted in 20·bit mode 

Figure 4. 52045 Functional Block Diagram 
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Figure 5. Functional Waveform 
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Table 3. Data Mapping to Bbl10b Alphabetic Representation 
First Data Byte 

0123456 

a b c d e f 

t First bit received In 20-blt mode 

S2045 RECEIVER FUNCTIONAL 
DESCRIPTION 

The S2045 receiver is designed to implement the 
ANSI X3T11 Fibre Channel specification receiver func
tions. A block diagram showing the basic chip function 
is provided in Figure 5. 

Whenever a signal is present, the S2045 attempts to 
achieve synchronization on both bit and transmission
word boundaries of the received encoded bit stream. 
Received data from the incoming bit stream is pro
vided on the device's parallel data outputs. 

The S2045 accepts serial encoded data from a fiber 
optic or coaxial cable interface. The serial input stream 
is the result of the serialization of 88/1 OB encoded 
data by an FC compatible transmitter. Clock recovery 
is performed on-chip, with the output data presented 
to the Fibre Channel transmission layer as 10- or 20-
bit parallel data. The chip is programmable to operate 
at the Fibre Channel specified operating frequencies 
of 1062, 531 and 266 Mbit/s. 

4-40 
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Second Data Byte 

8 9 10 11 12 13 14 15 16 17 18 19 

h a b c d e f g h 

t First bit received In 10-bit mode 

Serial/Parallel Conversion 

Serial data is received on the RX, RY pins. The PLL 
clock recovery circuit will lock to the data stream if 
the clock to be recovered is within ±100 PPM of the 
internally generated bit rate clock. The recovered clock 
is used to retime the input data stream. The data is 
then clocked into the serial to parallel output regis
ters. The parallel data out can be either 1 O or 20 bits 
wide determined by the state of the OWS pin. The 
word clock (RCLK) is synchronized to the incoming 
data stream word boundary by the detection of the 
fiber channel K28.5 synchronization pattern 
(0011111010, positive running disparity). 

10-Bit/20-Bit Mode 

The S2045 will operate with either 10-bit or 20-bit 
parallel data outputs. This option is selectable via the 
OWS pin. See Tables 3 and 4. In 10-bit mode, 010-
019 are used and 00-09 are driven to the logic high state. 

Applied Micro Circuits Corporation 
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Figure 6. Loopback Diagram 

Data In 

OED, OE1 

Data Ou1 

CLK 

82044 
Fibre 

Channel 
Transmitter 

82045 
Fibre 

Channel 
Receiver 

--· I 
I 

ti I 

gi: 
-' I 

-'I 

Reference Clock Input 

I 
I 
I 

:]t 
, .... 8 
I -' 
I 
I 

82045 
Fibre 

Channel 
Receiver 

82044 
Fibre 

Channel 
Transmitter 

Data Out 

CLK 

Data In 

OEO,OE1 

The reference clock input must be supplied with a 
PECL single-ended AC coupled crystal clock source 
at ±100 PPM tolerance. See Table 4 for reference 
clock frequencies. 

Framing 

The S2045 provides SYNC character recognition and 
data word alignment of the TTL level compatible out
put data bus. During the data realignment process, 
the RCLK phase will be adjusted. No glitches will 
occur in the RCLK signal due to the realignment. In 
systems where the SYNC detect function is undes
ired, a LOW on the SYNCEN input disables the SYNC 
function and the data will be "un-framed". 

When framing is disabled by low SYNCEN, the S2045 
simply achieves bit synchronization within 250 bit times 
and begins to deliver parallel output data words when
ever it has received full transmission words. No 
attempt is made to synchronize on any particular in
coming character. 

The SYNC output signal will go high whenever a K28.5 
character (positive disparity) is present on the parallel 
data outputs. The SYNC output signal will be low at 
all other times. This is true whether the S2045 is 
operating in 10-bit mode or in 20-bit mode. 

Lock Detect 

The S2045 lock detect function indicates the state of 
the phase-locked loop (PLL) clock recovery unit. The 
PLL will indicate lock within 250 bit times after the 
start of receiving serial data inputs. If the serial data 
inputs have an instantaneous phase jump (from a 

Applied Micro Circuits Corporation 
6195LuskBlvd.,SanDiego,CA92121 • (619)450-9333 

Table 4. Receiver Operating Modes 

Reference 
Word Clock RCLK/RCLKN 

RATES~ REFS!§!, 
Data Rate U:::::iJ Fj_:~';i_cy F1~~&cy DWS Mbitafse~ 

0 1 1 1062.5 10 106.25 53.125 
0 0 0 1062.5 20 53.125 53.125 

1 1 1 531.25 10 53.125 53.125 
1 0 0 531.25 20 26.5625 26.5625 

Open 1 1 265.625 10 26.5625 26.5625 

serial switch, for example) the PLL will not indicate 
an out-of-lock state, but will recover the correct phase 
alignment within 250 bit times. If a run length of 64 
bits is exceeded, or if the transition density is less 
than 12%, the loop will be declared out of lock and 
will attempt to re-acquire bit synchronization. When 
lock is lost, the PLL will shift from the serial input data 
to the reference clock, so that correct frequency down
stream clocking will be maintained. 

In any transfer of PLL control from the serial data to 
the reference clock, the RCLK/RCLKN output remains 
phase continuous and glitch free, assuring the integ
rity of downstream clocking. 

Start-Up Procedure 

The clock recovery PLL requires an initilization pro
cedure to correctly achieve lock on the serial data 
inputs. At power-up or loss of lock, the PLL must first 
acquire frequency lock to the local reference clock. 
This can be accomplished connecting the -LOCK_REF 
pin to a 1 O ms reset signal. If this is not possible, the 
PLL can also be initialized by guaranteeing that no 
data is seen at the serial data inputs for a minimum 
of 1 O ms upon power-up. If the serial data inputs 
cannot be controlled, then the S2045 can be put into 
the loopback mode and the loopback outputs of the 
S2044 must be quiescent for a minimum of 1 O ms 
after power-up. 
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OTHER OPERATING MODES 

Loopback 

Local loopback requires a S2044 and a S2045 as 
shown in Figure 6. When enabled, serial data from 
the S2044 transmitter is sent to the S2045 receiver, 
where the clock is extracted and the data is 
deserialized. The parallel data is then sent to the 
subsystem for verification. This loopback mode pro
vides the capability to perform ottline testing of the 
interface to guarantee the integrity of the serial chan
nel before enabling the transmission medium. It also 
allows system diagnostics. 

Operating Frequency Range 

The S2044 and S2045 are optimized for operation at 
the Fibre Channel rates of 265.625, 531.25, and 
1062.5 MbiVs. Operation in other than Fibre channel 

. rates is possible if the rate falls within ±10% of the 
nominal rate. REFCLK must be selected to be within 
100 ppm of the desired byte or word clock rate. 

Test Modes 

The TEST pin on the S2044 and the SYNCEN pin on 
the S2045 provide a PLL bypass mode that can be 
used for operating the digital area of the chip. In this 
mode, clock signals are input through the reference 
clock pins. This can be used tor testing the device 
during the manufacturing process or during an off-line 
self-test. Sync detection is always enabled in test mode. 
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52044 Pin Assignment and Descriptions 

Pin Name Level VO Pin # Description 

D19 TTL I 50 Accepts parallel input data. Data is clocked in on the rising edge 
D18 49 of REFCLK. In 20-bit mode, DO is transmitted first. In 10-bit 
D17 48 mode, D10-19 are used, DO-D9 are ignored, and D10 is 
D16 47 transmitted first. 
D15 44 
D14 43 
D13 42 
D12 41 
D11 38 
D10 37 
D9 36 
D8 35 
D7 31 • D6 30 
D5 29 
D4 28 
D3 25 
D2 24 
D1 23 
DO 22 

TEST Static I 20 Multilevel input used for factory testing. When not connected, 
TTL REFCLK replaces the internal bit clock to facilitate factory 

testing. In normal use, this input is wired to ground. 

DWS Static I 19 The level on this pin selects the parallel data bus width. When 
TTL LOW, a 20-bit parallel bus width is selected, and D(0-19) are 

active. When HIGH, a 10-bit parallel data bus is selected, D(10-
19) are active and D(0-9) are not used. (See Table 1.) A rising 
edge will reset the part (used for test). 

REFCLK PECL I 16 (Externally capacitively coupled.} A crystal-controlled reference 
clock for the PLL clock multiplier. The frequency of REFCLK is 
set by the REFSEL pin. (See Table 1.) 

TCLK Diff. 0 12 Differential TTL word rate clock true and complement. See 
TCLKN TTL 11 Table 1 for frequency. 

TY Diff. 0 9 Differential PECL outputs that transmit the serial data and drive 
TX PECL 8 75 or 50 termination to Vee- 2V. Enabled by OEO. TX is the 

positive output, and TY is the negative output. 

TLX Diff. 0 5 Differential PECL outputs that are functionally equivalent to TX 
TLY PECL 4 and TY. They are intended to be used for loopback testing. 

Enabled by OE1. 
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52044 Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 

OEO Static I 
TTL 

OE1 I 
TTL 

REFS EL Static I 
TTL 

RATESEL Static I 
TTL 

ECLVCC +3.3V -

TTLGND GND -

TTLVCC +3.3V/ -
+5V 

ECLIOVCC +3.3V -
ECLIOVEE +3.3V -

AVCC +3.3V -

AVEE GND -

ECLVEE GND -

TX_SI Multi- I 
level 

+SI Diff. I 
-SI PECL 

4-44 

Pin# 

2 

1 

18 

15 

21,39 

14 

17 

3, 10 

6, 7 

27,32 

26,33 

13, 40, 
51,52 

34 

45 
46 

Description 

Active low output-enable control for TX!TY outputs. TX!TY will 
go to the logic low state when disabled. 

Active low output-enable control for TLX/TL Y outputs. TLX/TL Y 
will go to the logic low state when disabled. 

Multilevel input used to select the reference clock frequency. 
(See Table 1.) 

Multilevel input used to select the operating speed of the 
transmitter. (See Table 1.) 

Core +3.3V 

TTL Ground 

TTL Power Supply (+5V if TTL) 

PECL 1/0 Power Supply 

PECL 1/0 Power Supply 

Analog Power Supply 

Analog Ground 

Core Ground 

Multilevel signal that determines where the data which is 
presented to the link comes from and whether the ±SO signals 
are enabled. When this input is low, the TX!TY outputs transmit 
the serialized data from the parallel transmit data lines. When 
this input is high, the TX/TY outputs transmit the data from the 
±SI inputs. 

These inputs are a serial data stream (1.0625 Gb/s, 531.25 
Mb/s, 265.625) which shall control the link modulation (TX!TY) if 
the TX_SI input is high. 
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52045 Pin Assignment and Descriptions 

Pin Name Level VO Pin # Description 

D19 TTL 0 45 Outputs parallel data. The width of the parallel data bus is 
D18 43 selected by the state of the DWS pin. Parallel data on this bus is 
D17 42 clocked out on the falling edge of RCLK. In 20-bit mode, DO is 
D16 40 the first bit received. In 10-bit mode, D10-D19 are used and DO-
D15 38 D9 are driven to the high state. In 10-bit mode, D10 is the first 
D14 37 bit received. 
D13 35 
D12 34 
D11 32 
D10 31 
D9 29 
DB 28 
D7 25 • D6 24 
D5 22 
D4 21 
D3 18 
D2 17 
D1 15 
DO 14 

LOCKDETN TTL 0 52 When LOW, LOCKDETN indicates that the PLL is locked to the 
incoming data stream. When HIGH, it provides a system flag 
indicating that the PLL is locked to the local reference clock. 

LPEN TTL I 8 When HIGH, LPEN selects the loopback differential serial input 
pins. When LOW, LPEN selects RX and RY (normal operation). 

DWS Static I 4 The level on this pin selects the parallel data bus width. When 
TTL LOW, a 20-bit parallel bus width is selected, and D(0-19) are 

active. When HIGH, a 10-bit parallel data bus is selected, D(10-
19) are active and D(0-9) will go HIGH. (See Table 4.) A rising 
edge will reset the internal counters (used for test). 

RCLK Diff. 0 49 The falling edge of RCLK outputs a new word on the data bus. 
RCLKN TTL 48 After a sync word is detected, the period of the current RCLK 

and RCLKN is stretched to align with the word boundary. (See 
Table 4 for frequency.) 

REFCLK PECL I 2 (Externally capacitively coupled.) A free-running crystal-
controlled reference clock for the PLL clock multiplier. The 
frequency of REFCLK is set by the REFSEL pin. (See Table 4.) 

SYNC TTL 0 51 Upon detection of a valid sync symbol, this output goes high for 
one RCLK period. When sync is active, the sync symbol shall be 
present on the parallel data bus bits DO-D9 in 20-bit mode or 
D10-D19 in 10-bit mode. 

RLX Diff. I 11 (Externally capacitively coupled.) The serial loopback data 
ALY PECL 12 inputs. RLX is the positive input, and ALY is the negative input. 

RX Diff. I 9 (Externally capacitively coupled.) The received serial data 
RY PECL 10 inputs. RX is the positive input, and RY is the negative input. 
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52045 Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 

SYNCEN Static I 
TTL 

REFSEL Static I 
TTL 

RATESEL Static I 
TTL 

LOCK_REF TTL I 

ECLVCC +3.3V -

TTLGND GND -

TTLVCC +5Vor -
+3.3V 

AVCC +3.3V -
AVEE GND -
ECLVEE GND -

4-46 

Pin # 

3 

30 

20 

50 

13, 27, 
39 

16, 33, 
41,46 

19, 23, 
36,44 

7 

5,6 

1,26,47 

Description 

(Multilevel.) When HIGH, enables sync detection. Detection of 
the sync pattern (1<28.5:001111101 o, positive running disparity) 
will determine the word boundary for the data to follow. When 
open (not connected), REFCLK replaces internal bit clock to 
facilitate factory testing. In this mode of operation, sync 
detection is always enabled. When LOW, data is treated as 
unframed data. 

(Multilevel.) Input used to select the reference clock frequency. 
(See Table 4.) 

(Multilevel.) Input used to select the operating speed of the 
receiver. (See Table 4.) 

When LOW, forces the PLL to lock to the REFCLK input and 
ignore the serial data inputs. 

Core Power Supply 

TTL Ground (OV) 

TTL Power Supply (+5V or +3.3V) 

Analog Power Supply (+3.3V) 

Analog Ground (OV) 

Core Ground (OV) 
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Figure 7. 52044 and 52045 52 PQFP Pinouts 
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Figure 8. 52 PQFP-(10mm x 10mm) Plastic Quad Flat Pack 

:i:.05 
A MAX 

A1 :i:.10 
A2 :i:.10 
A ±.10 
D :i:.25 
01 :i:.10 
E :i:.25 
E1 :i:.10 
L ±.15 

4-48 

-l'UIC 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



AMCC 
GLM COMPLIANT SERIAL INTERFACE CIRCUITS S2044/S2045 

Absolute Maximum Ratings 
PARAMETER MIN TYP MAX UNIT 

Case Temperature under Bias -55 125 oc 

Junction Temperature under Blas -55 150 oc 

Storage Temperature -65 150 oc 

Voltage on VCC with Repect to GND -0.5 +7.0 v 

Voltage on any TIL Input Pin -0.7 
vcc v 
+.6V 

Voltage on any PECL Input Pin 0 
ECU v vcc 

TIL Output Sink Current 8 mA 

TIL Output Source Current 8 mA 

High Speed PECL Output Source 
50 mA 

Current • 
Static Discharge Voltage 500 v 

Recommended Operating Conditions 
PARAMETER MIN TYP MAX UNIT 

Ambient Temperature under Bias 0 70 oc 

Junction Temperature under Bias 130 oc 

Voltage on TILVCC with Respect to GND 
5V Operation 4.75 5.0 5.25 v 
3.3V Operation 3.13 3.3 3.47 v 

Voltage on any TTL Input Pin 0 5.25 v 

Voltage on ECLVCC with respect to GND 3.13 3.3 3.47 v 

Voltage on any PECL Input Pin 
ECUVCC 

ECUVCC v 
-2.0 
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52044 DC Characteristics 

Parameters Description Min 

VoH Output HIGH Voltage (ffi) 
- 3.3V Power Supply 2.1 
- 3.3V Power Supply 2.2 
- 5V Power Supply 2.7 

Vol Output LOW Voltage (TTL) 
- 3.3V Power Supply 
- 5V Power Supply 

VIH Input HIGH Voltage (TTL) 2.0 

VIL Input LOW Voltage (TIL) 0 

llH Input HIGH Current (TTL) -
Ill Input LOW Current (TTL) -500 

1cc Supply Current 

Po Power Dissipation 

AVINCLK Single-ended REFCLK input swing 440 

AVour Serial Output Voltage Swing 600 

52045 DC Characteristics 

Parameters Description Min 

VoH Output HIGH Voltage (TTL) 
- 3.3V Power Supply 2.1 
- 3.3V Power Supply 2.2 
- 5V Power Supply 2.7 

Vol Output LOW Voltage (TTL) 
- 3.3V Power Supply 
- 5V Power Supply 

VIH Input HIGH Voltage (TTL) 2.0 

VIL Input LOW Voltage (TTL) 0 

l1H Input HIGH Current (TTL) -
Ill Input LOW Current (TTL) -500 

1cc Supply Current 
-10-BltMode 
-20-BltMode 

Po Power Dissipation 
- 3.3V Supply, 10-Blt Mode 
- 3.3V Supply, 20-Blt Mode 
- 5V Supply, 10-Blt Mode 
- 5V Supply, 20-Blt Mode 

aVINCLK Single-ended REFCLK input swing 440 

VDIFF Min. differential input voltage 100 
swing for differential PECL 
inputs 

4-50 

Typ Max 

.5 

.5 

- 5.5 

- 0.8 

- 50 

- -50 

123 160 

.406 .554 

- 1300 

- 1600 

Typ Max 

.5 

.5 

- 5.5 

- 0.8 

- 50 

- -50 

187 256 
194 267 

.617 .887 

.640 .925 

.728 1.08 

.778 1.142 

- 1300 

1300 

Units Conditions 

v Vee= min, loH = -2.4mA 
v Vee= min, loH = -.1mA 
v Vee= min, loH = -1mA 

v Vee= min, loL = 2.4mA 
v Vee= min, 'oL = 4mA 

v 'HS 1mA at v,H = 5.5V 

v -
µA VIN =2.4V 

µA VIN =0.5V 

mA Outputs open, Vee= Vee max 

w Outputs open, Vee= Vee max 

mV AC coupled 

mV son to Vcc ·2.0V 

Units Conditions 

v Vee= min, loH = -2.4mA 
v Vee= min, loH = -.1mA 
v Vee= min, loH = -1mA 

v Vee= min, loL = 2.4mA 
v Vee= min, loL = 8mA 

v IH :s 1mA at V1H = 5.5V 

v -

µA VIN= 2.4V 

µA VIN =0.5V 

mA Outputs open, Vee= Vee max 
mA Outputs open, Vee= Vee max 

w Outputs open, Vee= Vee max 
w Outputs open, Vee= Vee max 
w Outputs open, Vee= Vee max 
w Outputs open, Vee= Vee max 

mV AC coupled 

mV 
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Timing 

The data on the TX[00:09] {TX[OO: 19]) data bus will 
be sampled on every rising edge of REFCLK. The 
data will be serialized and transmitted onto the serial 
link if EWRAP is low and TX_SI is low. The figure 
below illustrates the timing requirements of REFCLK 
with respect to the TX[10: 19] {TX[0:9]) signals, mini
mum high and low durations, and the rising and falling 
slew rate magnitudes. In addition, this system sup
plied clock must not have more jitter than ±20% of a 
baud interval. 

REFCLK Timing Diagram 

lp 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

•• - •• - 90% REFCLK 
- - - - - -50% 

- - - - -10% ,, 
TXl10:19J (TX[0:9D 
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REFCLK Timing Table 

Parameter Symbol Min. Max. Units Comments1 

Frequency 26.5625 MHz f 25.5598 26.5652 MHz This is dependent on 
53.125 MHz 53.119 53.131 the link rate and the 

data path width. 

Jitter 265.625 MBaud 753 ps This is the maximum 
531.25 MBaud 376 pk-pk total jitter allowed by 
1062.5 MBaud 188 the Fiber Channel 

standard. 

Period (f=26.5625 MHz) Ip 37.64 37.66 ns 

Period (f=53.125 MHz) Ip 18.82 18.83 ns 

REFCLK Low Time I low 6 ns 

REFCLK High Time lhigh 6 ns 

TX Setup to REFCLK Is 2 ns 
(GLM, HGLM) 

TX Setup to REFCLK 
Is 6 ns 

(QGLM, EGLM) 

TX Hold From REFCLK lh 3.3 ns 

REFCLK Rise Time Ir 0.5 3.2 ns This applies to the 
REFCLK input. 

REFCLK Fall Time If 0.5 3.2 ns 
This applies to the 
REFCLK input. 

1. All parameters are for outputs driven into a 35pF lumped capacitive load. 

Serial Data Timing Table {TLX, TL Y; TX, TY) 

Parameters Description Min 

TJRMS Serial data output random -
jitter(RMS) 

ToJ Serial data output -
deterministic jitter (p-p) 

TsoR,TSDF Serial data rise and fall -
Tested per Figure 10. 

Max 

20 

100 

300 

Units Conditions 

ps RMS, tested on a sample basis. 
Measured with 1010 pattern. 

ps Peak-to-peak, tested on a sample basis. 
Measured with IDLE pattern. 

ps 20% to 80%, tested on a sample basis. 
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Timing 

This section will detail the timing requirements of all 
of the signals on the GLM interface. All timing is mea
sured into a lumped 35pf capacitive load. 

RBC(O] Timing 

When -LCK_REF is pulled low, RCLKN should be in 
local phase lock with TBC within 500µs. -LCK_REF, 
when activated, shall stay low for a duration of at 
least 500µs if receiver frequency lock is to be ex
pected. After local phase lock has been acquired, 
and when EWRAP is high, 2500 baud times after -
LCK_REF is driven high, RCLKN shall be in phase 
lock with REFCLK. After local phase lock has been 
acquired, and when EWRAP is low, 250 baud times 
after -LCK_REF is driven high, RCLKN shall be in 
phase lock with the incoming serial data stream. 

RCLKN Timing Diagram 

Serial Data Input Timing Table (RLX, RL Y; RX, RY) 

Parameters Description Min 

RsoR • RsoF Serial data input rise and fall -
TLOCK Data acquisition lock time @ -

<1.0625Gb/s 

Input Jitter Input data eye opening 
30% 

Tolerance allocation at receiver input 
for BER $1E-12 

Applied Micro Circuits Corporation 
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When a 53 MHz GLM family module is in frequency 
lock (either with REFCLK or a serial data stream) 
RCLKN shall never have a high level duration (>2.0v) 
which is less than 6.5 ns, nor a low level duration 
(<0.8v) which is less than 5.8 ns (no clock shivering 
shall occur). At byte realignment, RCLKN clock states 
are to be extended rather than truncated). When the 
GLM family module is in frequency lock (either with 
REFCLK or a serial data stream) and -LCK_REF has 
been inactive for at least 2500 baud times the mini
mum instantaneous period shall always be greater 
that 18.36 ns. When the PLL in the GLM is adjusting 
to a new phase or a new frequency, where both the 
old and new frequencies are valid Fibre Channel fre- • 
quencies, RCLKN shall never have a period less than 
18.36 ns. In response to an input data phase jump, 
the GLM shall meet the requirements of FC-PH clause 
5.3 transparent to the host. 

Max 

300 

2.4 

-

______ 2.0V 

- - ____ 1.sv RCLKN _____ o.sv 

If 

Units 

ps 

µs 

bittime 

RX(O:l9) (RXl19:0)) 
and 

SYNC 

Conditions 

20%to80%. 

88/108 IDLE pattern sample basis 

As specified in Fibre Channel FC-PH 
standard eye diagram jitter mask. 
(See Figure 12.) 
For BER$ IE-9 see Figure 13. 
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RCLKN Timing Table 

Parameter Symbol Min. Max. Units Comments2 

Frequency 26.5625 MHz f 25.5598 25.5652 MHz This is dependent on 
53.125 MHz 53.119 53.131 the link rate and the 

data path width. 

Period in Lock tp 18.36 ns In frequency lock3. 

Out of Lock Period 
loolp 

(f=26.5625 MHz) 
18.83 ns Not in frequency lock. 

Out of Lock Period 
toolp 9.412 ns Not in frequency lock. 

(f=53.125 MHz) 

RCLKN Low Time 
t1ow 5.8 ns 

(f=53.125 MHz) 

RCLKN High Time lhigh 6.5 ns 
(f=53.125 MHz) 

RCLKN Duty Cycle 
40% 60% period In frequency lock. 

(f=26.5625 MHz) 

RX Setup to RCLKN 
ts 2.5 ns 

(f=53.125 MHz) 

RX Setup to RCLKN 
Is 6.0 ns 

(f=26.5625 MHz) 

RX Hold From RCLKN th 7.5 ns 

RCLK/RCLKN Rise Time Ir .75 2.4 ns This applies to the 
RCLKN output. 

RCLKN Fall Time If 0.7 3.0 ns 
This applies to the 
RCLKN output. 

2. All parameters are for outputs driven into a 35pf lumped capacitive load. 
3. This is the absolute minimum RCLKN period while in frequency lock and must account for any 

adjustments to the clock to allow for a change in phase or frequency on the received serial link. 
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Figure 9. Serial Input Rise and Fall Time 

Figure 10. Serial Output Load 

?:;,Q 
1" ~CLVCC -2.0V 

Figure 11. TTL Input Rise and Fall Time 

90% -=~===--.-1-~-----,H~==-- 90% ;: @L 1€ ;: 
Figure 12. Receiver Input Eye Diagram Jitter Mask 

Bit Time 

Amplitude 
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ACQUISITION TIME 

With the input eye diagram shown in Figure 13, the 
S2045 will recover data with a 10-9 BER within 50 bit 
times after an instantaneous phase shift of the in
coming data. Note: This is only valid after a 10 ms 
initial reset has been applied on power up. 

Figure 13. Acquisition Time Eye Diagram 
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Ordering Information 

GRADE TRANSMITTER PACKAGE SPEED GRADE 

S - commercial 2044 8-52 PQFP 
5 - 531, 266 Mbit/s 

1 o - 1062, 531 and 266 Mbit/s 

GRADE RECEIVER PACKAGE SPEED GRADE 

S - commercial 
5 - 531, 266 Mbit/s 

2045 8-52 PQFP 1 o - 1062, 531 and 266 Mbit/s 

~ \ I / 
x xxxx x xx 

Grade Part number Package Speed Grade 

Example: S20448-5-S2044 in a 52 POFP package operating at 
531 or 266 Mbits/sec rates. 
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PRELIMINARY 
DEVICE SPECIFICATION 

AMCC® 
GIGABIT ETHERNET CHIP5ET 52046/52047 

FEATURES 
• Functionally compliant with the proposed 802.3z 

Specification 
• S2046 transmitter incorporates phase-locked 

loop (PLL) providing clock synthesis from low
speed reference 

• S2047 receiver PLL configured for clock and 
data recovery 

• 1250 Mb/s (Gigabit Ethernet) operation 
• 1 0- or 20-bit parallel TTL compatible interface 
• 1 watt typical power dissipation for chipset 
• +3.3/+5V power supply 
• Low-jitter serial PECL compatible interface 
• Lock detect 
• Local loopback 
• Compact 52 PQFP package 
• Fibre Channel framing performed by receiver 
• Continuous downstream clocking from receiver 
• TTL compatible outputs possible with +5V 1/0 

power supply 

APPLICATIONS 
High-speed data communications 

• Ethernet backbone connections 
• Mainframe 
• Workstation 
• Frame buffer 
• Switched networks 
• Data broadcast environments 
• Proprietary extended backplanes 

Figure 1. System Block Diagram 

Gigabit 
Ethernet 

Controller 
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GENERAL DESCRIPTION 

The S2046 and S2047 transmitter and receiver pair 
are designed to perform high-speed serial data trans
mission over fiber optic or coaxial cable interfaces 
conforming to the requirements of the proposed 802.3z 
specification. The chipset is Gigabit Ethernet compli
ant and supports 1250 Mb/s with an associated 10 or 
20-bit data word. 

The chipset performs parallel-to-serial and serial-to
parallel conversion and framing for block-encoded 
data. The S2046 on-chip PLL synthesizes the high
speed clock from a low-speed reference. The S2047 
on-chip PLL synchronizes directly to incoming digital 
signals, to receive the data stream. The transmitter 
and receiver each support differential PECL-compat
ible 1/0 for fiber optic component interfaces, to 
minimize crosstalk and maximize data integrity. Local 
loopback allows for system diagnostics. The 1/0 sec
tion can operate from either a +3.3V or a +5V power 
supply. With a 3.3V power supply the chipset dissi
pates only 1 W typically. 

Figure 1 shows a typical network configuration incor
porating the chipset. 

Gigabit 
Ethernet 

Controller 
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S2046/S2047 OVERVIEW 

The S2046 transmitter and S2047 receiver provide 
serialization and deserialization functions for block
encoded data to implement a Gigabit interface. 
Operation of the S2046/S2047 chips is straightfor
ward, as depicted in Figure 2. The sequence of 
operations is as follows: 

Transmitter 
1. 10/20-bit parallel input 
2. Parallel-to-serial conversion 
3. Serial output 

Receiver 
1 . Clock and data recovery from serial input 
2. Serial-to-parallel conversion 
3. Frame detection 
4. 10/20-bit parallel output 

The 10/20-bit parallel data handled by the S2046 and 
S2047 devices should be from a DC-balanced en
coding scheme, such as the 88/1 OB transmission 
code, in which information to be transmitted is en
coded 8 bits at a time into 10-bit transmission 
characters. 

Internal clocking and control functions are transpar
ent to the user. Details of data timing can be seen in 
Figure 5. 

A lock detect feature is provided on the receiver, which 
indicates that the PLL is locked (synchronized) to the 
data stream. 

Figure 3. 52046 Functional Block Diagram 
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0(19 .. 0) 
20 
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10 
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Loop back 

Local loopback is supported by the chipset, and pro
vides a capability for performing offline testing of the 
interface to ensure the integrity of the serial channel 
before enabling the transmission medium. It also al
lows for system diagnostics. 

Figure 2. Interface Diagram 
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The S2046 transmitter accepts parallel input data and 
serializes it for transmission over fiber optic or coaxial 
cable media. The S2046 is fully compliant with the 
proposed 802.3z Specification, and supports the Gi
gabit Ethernet data rate of 1250 Mbit/sec. 

The parallel input data word can be either 10 bits or 
20 bits wide, depending upon DWS pin selection. A 
block diagram showing the basic chip function is 
shown in Figure 3. 

TEST 
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CONTROLl----i~ 

-----1~ LOGIC 

SHIFT 
REGISTER 

REFSEL 

REFCLK 
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PLLCLOCK 
MULTIPLIER 

Fo = F1 X 10/20 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



AMCC 
GIGABIT ETHERNET CHIPSET S2046/S2047 

Parallel/Serial Conversion 

The parallel-to-serial converter takes in 10-bit or 20-
bit wide data from the input latch and converts it to a 
serial data stream. Parallel data is latched into the 
transmitter on the positive going edge of REFCLK. 
The data is then clocked synchronous to the clock 
synthesis unit serial clock into the serial output shift 
register. The shift register is clocked by the internally 
generated bit clock which is 1 0 or 20 times the 
REFCLK input frequency. The state of the serial out
puts is controlled by the output enable pins, OEO and 
OE1. 010 is transmitted first in 10-bit mode. DO is 
transmitted first in 20-bit mode. Table 2 shows the 
mapping of the parallel data to the 88/108 codes. 

1 O-Bit/20-Bit Mode 

The S2046 operates with either 10-bit or 20-bit paral
lel data inputs. Word width is selectable via the DWS 
pin. In 10-bit mode, 010-019 are used and 00-09 
are ignored. 

Reference Clock Input 

The reference clock input (REFCLK) must be sup
plied with a PECL single-ended AC coupled crystal 
clock source with 100 PPM tolerance to assure that 
the transmitted data meets the Fibre Channel and 
proposed 802.3z Specification frequency limits. The 
internal serial clock is frequency locked to the refer
ence clock. Refer to Table 1 for reference clock 
frequencies. 

Table 1. Transmitter Operating Modes 

Reference 
Word Clock TCLK/TCLKN 

Data Rate Width Frequency Frequency 
DWS REFS~Mbits/se~lBit& J.MH& J.MH& 

0 0 1250.0 20 62.50 62.50 

1250.0 10 125.0 62.5 

Table 2. Data Mapping to Bb/10b Alphabetic Representation 
First Data Byte 

0 1 2 3 4 5 6 

a b c d e 

+ First bit transmitted in 20·bit mode 

Figure 4. 52047 Functional Block Diagram 
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Figure 5. Functional Waveform 
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1. A.X. Widmer and P.A. Franaszek, "A Byte-Oriented DC Balanced (0,4) 8B/10B Transmission Code," IBM Research Report RC 9391, 
May 1982. 

Table 3. Data Mapping to Bb/10b Alphabetic Representation 
First Data Byte 

0 2 3 4 5 6 7 

a b c d e f g 

+ First bit received in 20-bit mode 

$2047 RECEIVER 

Architecture/Functional Description 

The S2047 receiver is designed to implement the 
proposed 802.3z Specification receiver functions. A 
block diagram showing the basic chip function is pro
vided in Figure 4. 

Whenever a signal is present, the S2047 attempts to 
achieve synchronization on both bit and transmission
word boundaries of the received encoded bit stream. 
Received data from the incoming bit stream is pro
vided on the device's parallel data outputs. 

The S2047 accepts serial encoded data from a fiber 
optic or coaxial cable interface. The serial input stream 
is the result of the serialization of 88/1 OB encoded 
data by a compatible transmitter. Clock recovery is 
performed on-chip, with the output data presented to 
the transmission layer as 10- or 20-bit parallel data. 
The chip operates at the Gigabit Ethernet frequency 
of 1250 Mbit/s. 

4-60 

Second Data Byte 

8 9 10 11 12 13 14 15 16 17 18 19 

h abcde fgh 

+ First bit received in 10-bit mode 

Serial/Parallel Conversion 

Serial data is received on the RX, RY pins. The PLL 
clock recovery circuit will lock to the data stream if 
the clock to be recovered is within ±100 PPM of the 
internally generated bit rate clock. The recovered 
clock is used to retime the input data stream. The 
data is then clocked into the serial to parallel output 
registers. The parallel data out can be either 1 0 or 
20 bits wide determined by the state of the OWS pin. 
The word clock (RCLKN) is synchronized to the in
coming data stream word boundary by the detection 
of the K28.5 synchronization pattern (0011111010, 
positive running disparity). 

1 O·Bit/20-Bit Mode 

The 82047 will operate with either 10-bit or 20-bit 
parallel data outputs. This option is selectable via 
the OWS pin. See Table 4. In 10-bit mode, the 10-bit 
data word is output on both 010-019 and 00-09 
simultaneously. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



AMCC 
GIGABIT ETHERNET CHIP5ET 52046/52047 

Figure 6. Interface Diagram 
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The reference clock input must be supplied with a PECL 
single-ended AC coupled crystal clock source at ±100 PPM 
tolerance. See Table 4 for reference clock frequencies. 

Framing 

The S2047 provides SYNC character recognition and 
data word alignment of the TTL level compatible out
put data bus. During the data realignment process, 
the RCLKN phase will be adjusted. No glitches will 
occur in the RCLKN signal due to the realignment. In 
systems where the SYNC detect function is undes
ired, a LOW on the SYNCEN input disables the SYNC 
function and the data will be "un-framed''. 

When framing is disabled by low SYNCEN, the S2047 
simply achieves bit synchronization within 250 bit times 
and begins to deliver parallel output data words when
ever it has received full transmission words. No 
attempt is made to synchronize on any particular in
coming character. 

The SYNC output signal will go high whenever a K28.5 
character (positive disparity) is present on the parallel 
data outputs. The SYNC output signal will be low at 
all other times. This is true whether the S2047 is 
operating in 10-bit mode or in 20-bit mode. 

Applied Micro Circuits Corporation 
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Table 4. Receiver Operating Modes 

Reference 
Word Clock RCLK/RCLKN 

... , Data Rate 1 ~id~~ Fn;,que_~cy Fr~~ui:_~cy 
DWS REFSE..j(Mbits/sec) I 1Bits1 1MHz1 1MHz1 

0 0 1250.0 20 62.50 62.50 

1 1 1250.0 10 125.0 62.5 

Lock Detect 

The S2047 lock detect function indicates the state of 
the phase-locked loop (PLL) clock recovery unit. The 
PLL will indicate lock within 250 bit times after the 
start of receiving serial data inputs. If the serial data 
inputs have an instantaneous phase jump (from a 
serial switch, for example) the PLL will not indicate 
an out-of-lock state, but will recover the correct phase 
alignment within 250 bit times. If a run length of 64 
bits is exceeded, or if the transition density is less 
than 12%, the loop will be declared out of lock and 
will attempt to re-acquire bit synchronization. When 
lock is lost, the PLL will shift from the serial input data 
to the reference clock, so that correct frequency 
downstream clocking will be maintained. 

In any transfer of PLL control from the serial data to 
the reference clock, the RCLK/RCLKN output remains 
phase continuous and glitch free, assuring the integ
rity of downstream clocking. 

Start-Up Procedure 

The clock recovery PLL requires an initilization pro
cedure to correctly achieve lock on the serial data 
inputs. At power-up or loss of lock, the PLL must first 
acquire frequency lock to the local reference clock. 
This can be accomplished connecting the -
LOCK_ REF pin to a 10 ms reset signal. If this is not 
possible, the PLL can also be initialized by guaran
teeing that no data is seen at the serial data inputs 
for a minimum of 10 ms upon power-up. If the serial 
data inputs cannot be controlled, then the S2047 can 
be put into the loopback mode and the loopback out
puts of the S2046 must be quiescent for a minimum 
of 10 ms after power-up. 
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OTHER OPERATING MODES 

Loopback 

Local loopback requires a S2046 and a S2047 as 
shown in Figure 6. When enabled, serial data from 
the S2046 transmitter is sent to the S2047 receiver, 
where the clock is extracted and the data is 
deserialized. The parallel data is then sent to the 
subsystem for verification. This loopback mode pro
vides the capability to perform offline testing of the 
interface to guarantee the integrity of the serial chan
nel before enabling the transmission medium. It also 
allows system. diagnostics. 

Operating Frequency Range 

The S2046 and S2047 are optimized for operation at 
the Gigabit Ethernet rate of 1250.0 Mbit/s. REFCLK 
must be selected to be within 1 00 ppm of the desired 
byte or word clock rate. 

Test Modes 

The TEST pin on the S2046 and the SYNCEN pin on 
the S2047 provide a PLL bypass mode that can be 
used for operating the digital area of the chip. In this 
mode, clock signals are input through the reference 
clock pins. This can be used for testing the device 
during the manufacturing process or during an off
line self-test. Sync detection is always enabled in test 
mode. 
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52046 Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin # Description 

D19 TTL I 50 Accepts parallel input data. Data is clocked in on the rising edge 
D18 49 of REFCLK. In 20-bit mode, DO is transmitted first. In 10-bit 
D17 48 mode, D10-D19 are used, DO-D9 are ignored, and D1 O is 
D16 47 transmitted first. 
D15 44 
D14 43 
D13 42 
D12 41 
D11 38 
D10 37 
D9 36 
DB 35 • D7 31 
D6 30 
DS 29 
D4 28 
D3 25 
D2 24 
D1 23 
DO 22 

TEST Static I 20 Multilevel input used for factory testing. When not connected, 
TTL REFCLK replaces the internal bit clock to facilitate factory 

testing. In normal use, this input is wired to ground. 

DWS I 19 The level on this pin selects the parallel data bus width. When 
TTL LOW, a 20-bit parallel bus width is selected, and D(0-19) are 

active. When HIGH, a 10-bit parallel data bus is selected, D(10-
19) are active and D(0-9) are not used. (See Table 1.) A rising 
edge will reset the part (used for test). 

OE1 Static I 1 Active low output enable control for TLXITL Y outputs. TLXITL Y 
TTL will go to the logic low state when disabled. 

OEO Static I 2 Active low output enable control for TX/TY outputs. TX/TY will 
TTL go to the logic low state when disabled. 

REFCLK PECL I 16 (Externally capacitively coupled.) A crystal-controlled reference 
clock for the PLL clock multiplier. The frequency of REFCLK is 
set by the REFSEL pin. (See Table 1.) 

TCLK Diff. 0 12 Differential TTL word rate clock true and complement. See 
TCLKN TTL 11 Table 1 for frequency. 

TUC Diff. 0 5 Differential PECL outputs that are functionally equivalent to TX 
TLY PECL 4 and TY. They are intended to be used for loopback testing. 

Enabled by OE1. 

TY Diff. 0 9 Differential PECL outputs that transmit the serial data and drive 
TX PECL 8 750 or 500 termination to VCC-2V. Enabled by OEO. TX is the 

positive output, and TY is the negative output. 
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52046 Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 

REFSEL Static I 
TTL 

ECLVCC +3.3V -
TTLGND GND -

TTLVCC +5V -
ECLIOVCC +3.3V -
ECLIOVEE +3.3V -
AVCC +3.3V -
AVEE GND -
ECLVEE GND -
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Pin # 

18 

21,39 

14, 15, 
34 

17 

3, 10 

6, 7 

27,32 

26,33 

13, 40, 
51,52 

Description 

Multilevel input used to select the reference clock frequency. 
(See Table 1.) 

Core+3.3V 

TTL Ground 

TTL Power Supply (+5V if TTL) 

PECL 1/0 Power Supply 

PECL 1/0 Power Supply 

Analog Power Supply 

Analog Ground 

Core Ground 
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S2047 Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin # Description 

D19 TTL 0 45 Outputs parallel data. The width of the parallel data bus is 
D18 43 selected by the state of the DWS pin. Parallel data on this bus is 
D17 42 clocked out on the falling edge of RCLK. In 20-bit mode, DO is 
D16 40 the first bit received. In 10-bit mode, D10-D19 are used and DO-
D15 38 D9 are driven to the high state. In 10-bit mode, D10 is the first 
D14 37 bit received. 
D13 35 
D12 34 
D11 32 
D10 31 
D9 29 
D8 28 
D7 25 • D6 24 
D5 22 
D4 21 
D3 18 
D2 17 
D1 15 
DO 14 

LOCKDETN TTL 0 52 When LOW, LOCKDETN indicates that the PLL is locked to the 
incoming data stream. When HIGH, it provides a system flag 
indicating that the PLL is locked to the local reference clock. 

LPEN TTL I 8 When HIGH, LPEN selects the loopback differential serial input 
pins (RLX, ALY). When LOW, LPEN selects RX and RY (normal 
operation). 

DWS Static I 4 The level on this pin selects the parallel data bus width. When 
TTL LOW, a 20-bit parallel bus width is selected, and D(0-19) are 

active. When HIGH, a 10-bit parallel data bus is selected, D(10-
19) are active and D(0-9) will go HIGH. (See Table 4.) A rising 
edge will reset the internal counters (used for test). 

RCLK Diff. 0 49 Parallel data is clocked out on the falling edge of RCLK/RCLKN. 
RCLKN TTL 48 After a sync word is detected, the period of the current RCLK 

and RCLKN is stretched to align with the word boundary. (See 
Table 4 for frequency.) 

REFCLK PECL I 2 (Externally capacitively coupled.) A free-running crystal-
controlled reference clock for the PLL clock multiplier. The 
frequency of REFCLK is set by the REFSEL pin. (See Table 4.) 

SYNC TTL 0 51 Upon detection of a valid sync symbol, this output goes high for 
one RCLK period. When sync is active, the sync symbol shall be 
present on the parallel data bus bits DO-D9 in 20-bit mode or 
DO-D9 and D10-D19 in 10-bit mode. 

RLX Diff. I 11 (Externally capacitively coupled.) The serial loopback data 
ALY PECL 12 inputs. RLX is the positive input, and RL Y is the negative input. 

RX Diff. I 9 (Externally capacitively coupled.) The received serial data 
RY PECL 10 inputs. RX is the positive input, and RY is the negative input. 
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52047 Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 

SYNC EN Static I 
TTL 

REFS EL Static I 
TTL 

LOCK_REF TTL I 

TTLVCC +5V -

TTLGND GND -

ECLVCC +3.3V -

ECLVEE GND -
AVCC +3.3V -
AVEE GND -
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Pin # 

3 

30 

50 

19, 23, 
36,44 

16, 20, 
33, 41, 

46 

13, 27, 
39 

1,26,47 

7 

5,6 

Description 

(Multilevel.) When HIGH, enables sync detection. Detection of 
the sync pattern (K28.5:0011111010, positive running disparity) 
will enable the word boundary for the data to follow. When open 
(not connected), REFCLK replace'!;; internal bit clock to facilitate 
factory testing. In this mode of operation, sync detection is 
always enabled. When LOW, data is treated as unframed data. 

(Multilevel.) Input used to select the reference clock frequency. 
(See Table 4.) 

When LOW, forces the PLL to lock to the REFCLK input and 
ignore the serial data inputs. 

TTL Power Supply (+5V if TTL) 

TTL Ground 

Core Power Supply 

Core Ground 

Analog Power Supply 

Analog Ground 
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Figure 7. 52046 and 52047 52 PQFP Pinouts 
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Figure 8. 52 PQFP-(10mm x 10mm) Plastic Quad Fist Pack 
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Absolute Maximum Ratings 
PARAMETER MIN TYP MAX UNIT 

Case Temperature under Bias ·55 125 •c 

Junction Temperature under Bias ·55 150 •c 

Storage Temperature -65 150 •c 

Voltage on VCC with Repect to GND ·0.5 +7.0 v 

Voltage on any TTL Input Pin -0.7 
vcc v 
+.SV 

Voltage on any PECL Input Pin 0 
ECL/ v vcc 

TTL Output Sink Current 8 mA 

TTL Output Source Current 8 mA 

High Speed PECL Output Source 
50 mA 

Current • 
Static Discharge Voltage 500 v 

Recommended Operating Conditions 
PARAMETER MIN TYP MAX UNIT 

Ambient Temperature under Bias 0 70 ·c 

Junction Temperature under Bias t30 ·c 
Voltage on TTLVCC with Respect to GND 

5V Operation 4.75 5.0 5.25 v 
3.3V Operation 3.13 3.3 3.47 v 

Voltage on any TTL Input Pin 0 5.25 v 
Voltage on ECLVCC with respect to GND 3.13 3.3 3.47 v 

Voltage on any PECL Input Pin ECLVCC ECLVCC v 
-2.0 
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52046 DC Characteristics 

Parameters Description Min 

VoH Qutput HIGH Voltage (TTL) 
2.1 - 3.3V Power Supply 

- 3.3V Power Supply 2.2 
-5V Power Supply 2.7 

Vol Output LOW Voltage (TTL) 
- 3.3V Power Supply 
- 5V Power Supply 

V1H Input HIGH Voltage (TTL) 2.0 

VIL Input LOW Voltage (TIL) 0 

11H Input HIGH Current (TIL) -
Ill Input LOW Current (TTL) -500 

Ice Supply Current 

Po Power Dissipation 

'WINCLK Single-ended REFCLK lnpul swing 440 

AVour Serial Output Voltage Swing 600 

52047 DC Characteristics 

Parameters Description Min 

VoH Output HIGH Voltage (TTL) 
2.1 - 3.3V Power Supply 

- 3.3V Power Supply 2.2 
- 5V Power S11pply 2.7 

Vol Output LOW Voltage (TTL) 
- 3.3V Power Supply 
- 5V Power Supply 

V1H Input HIGH Voltage (TTL) 2.0 

VIL Input LOW Voltage (TTL) 0 

l1H Input HIGH Current (TTL) -
Ill Input LOW Current (TTL) ·500 

'cc Supply Current 
-10-BltMode 
-20-Blt Mode 

Po Power Dissipation 
-3.3V Supply, 10-Bll Mode 
- 3.3V Supply, 20-Blt Mode 
- SV Supply, 10-Blt Mode 
- SV Supply, 20-Bll Mode 

AVINCLK SlngkHndad REFClK Input swing 440 

VolFF Min. differential input voltage 100 
swing for differential PECL 
inputs 
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Typ Mex 

.5 

.5 

- -
- 0.8 

- 50 

- -50 

123 160 

.406 .554 

- 1300 

- 1300 

Typ Max 

.5 

.5 

- -
- O.B 

- 50 

- ·50 

187 256 
194 267 

.617 .887 

.640 .925 

.728 1.08 

.778 1.142 

- 1300 

1300 

Units Conditions 

v Vee= min, loH = -2.4mA 
v Vcc=min, loH=·.1mA 
v Vcc=min, loH=-1mA 

v Vee= min, loL = 2.4mA 
v Vee= min, loL = 4mA 

v IH ~ 1mAatV1H= 5.5V 

v -
µA V1N=2.4V 

µA V1N=0.5V 

mA Outputs open, Vee= Vee max 

w Outputs open, Vee= Vee max 

mv AC coupled 

mV 5on to Vee -2.ov 

Units Conditions 

v Vee= min, loH = -2.4mA 
v Vcc=mln, loH=·.1mA 
v Vee= min, loH = -1mA 

v Vee= min, loL = 2.4mA 
v Vee= min, loL = 8mA 

v IH,;; 1mAatV1H = 5.5V 

v -
µA V1N=2.4V 

µA VIN= 0.5V 

mA Outputs open, Vcc=Vcc max 
mA Outputs open, Vee= Vee max 

w Outputs open, Vee= Vee max 
w Outputs open, V cc = Vee max 
w Outputs open, v cc = Vee max 
w Outputs open, Vee= Vee max 

mV AC coupled 

mV 
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Timing 

The data on the TX[00:09] (TX[OO: 19]) data bus will 
be sampled on every rising edge of REFCLK. The 
data will be serialized and transmitted onto the serial 
link. The figure below illustrates the timing require
ments of REFCLK with respect to the TX[10:19] 
(TX[0:9]) signals, minimum high and low durations, 
and the rising and falling slew rate magnitudes. In 
addition, this system supplied clock must not have 
more jitter than ±20% of a baud interval. 

REFCLK Timing Diagram 
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• • - •• -SO% REFCLK 
•• - •• -50% 

• - •• -20% ,, 
TX(IO:l9J ('l'X[0:9D 
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REFCLK Timing Table 

Parameter Symbol Min. Max. Units Comments1 

Frequency 62.50 MHz f 62.49375 62.50625 MHz This is dependent on 
125.00 MHz 124.9875 125.0125 the data path width. 

Jitter 1250.0 MBaud 160 ps 
pk-pk 

Period (f=62.5 MHz) tp 15.9984 16.0016 ns 

Period (f=125.0 MHz) tp 7.9992 8.0008 ns 

REFCLK Low Time t1ow 3.2 ns 

REFCLK High Time thigh 3.2 ns 

TX Setup to REFCLK ts 2 ns 

TX Hold From REFCLK th 2 ns 

REFCLK Rise Time tr 0.5 3.2 ns This applies to the 
REFCLK input. 

REFCLK Fall Time tf 0.5 3.2 ns 
This applies to the 
REFCLK input. 

1. All parameters are for outputs driven into a 35pF lumped capacitive load. 

Serial Data Timing Table {TLX, TL Y; TX, TY) 

Parameters Description Min 

TJRMS Serial data output random -
jitter(RMS) 

ToJ Serial data output -
deterministic jitter (p-p) 

TsoR,TsoF Serial data rise and fall -
Tested per Figure 10. 
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Max 

20 

100 

300 

Units Conditions 

ps RMS, tested on a sample basis. 
Measured with ·101 O pattern. 

ps Peak-to-peak, tested on a sample basis. 
Measured with IDLE pattern. 

ps 20% to 80%, tested on a sample basis. 

Applied Micro Circuits Corporation 
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Timing 

This section will detail the timing requirements of all 
of the signals on the interface. All timing is measured 
into a lumped 35pf capacitive load. 

RBC[N] Timing 

When LOCK_REF is pulled low, RCLKN should be in 
local phase lock with TBC within 500µs. LOCK_REF, 
when activated, shall stay low for a duration of at 
least 500µs if receiver frequency lock is to be ex
pected. After local phase lock has been acquired, 
and when EWRAP is high, 2500 baud times after 
LOCK_REF is driven high, RCLKN shall be in phase 
lock with REFCLK. After local phase lock has been 
acquired, and when EWRAP is low, 250 baud times 
after LOCK_REF is driven high, RCLKN shall be in 
phase lock with the incoming serial data stream. 

RCLKN Timing Diagram 

Serial Data Input Timing Table (RLX, RL Y; RX, RY) 

Parameters Description Min 

RsoR • RsoF Serial data input rise and fall -
TLOCK Data acquisition lock time @ -

<1.0625Gb/s 

Input Jitter Input data eye opening 
30% 

Tolerance allocation at receiver input 
for BER ~1 E-12 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

When a 62.5 MHz module is in frequency lock (either 
with REFCLK or a serial data stream) RCLKN shall 
never have a high level duration (>2.0v) which is less 
than 6.0 ns, nor a low level duration (<0.8v) which is 
less than 5.5 ns (no clock shivering shall occur). At 
byte realignment, RCLKN clock states are to be ex
tended rather than truncated). When the 82047 is in 
frequency lock (either with REFCLK or a serial data 
stream) and LOCK_REF has been inactive for at least 
2500 baud times the minimum instantaneous period 
shall always be greater that 16.0 ns. When the PLL is 
adjusting to a new phase or a new frequency, where • 
both the old and new frequencies are valid Gigabit ~ 

Ethernet frequencies, RCLKN shall never have a pe-
riod less than 16.0 ns. 

______ 2.0V 
______ 1.sv RCLKN _____ o.av 

'r 
D[0:19) (D[19:0)) 

and 
- -- .... SYNC 

Max Units Conditions 

300 ps 20%to80%. 

2.4 µs 
BB/108 IDLE pattern sample basis 

- bit time 
As specified in Fibre Channel FC-PH 
standard eye diagram jitter mask. 
(See Figure 12.) 
For BER< IE-9 see Figure 13. 
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RCLKN Timing Table 

Parameter Symbol Min. Max. Units Comments2 

Frequency 62.50 MHz f 62.49375 62.50625 MHz This is dependent on 
125.0 MHz 124.9875 125.0125 the data path width. 

Period in Lock tp TBD ns In frequency lock3. 

Out of Lock Period 
too Ip TBD ns Not in frequency lock. 

(f=62.50 MHz) 

RCLKN Low Time t1ow 3.2 ns 

RCLKN High Time thigh 3.2 ns 

RCLKN Duty Cycle 40% 60% period In frequency lock. 

RX Setup to RCLKN ts 2.1 ns 

RX Hold from RCLKN th 6.3 ns 

RCLK/RCLKN Rise Time tr .75 2.4 ns This applies to the 
RCLKN output. 

RCLKN Fall Time tf 0.7 3.0 ns 
This applies to the 
RCLKN output. 

2. All parameters are for outputs driven into a 35pf lumped capacitive load. 

3. This is the absolute minimum RCLKN period while in frequency lock and must account for any 
adjustments to the clock to allow for a change in phase or frequency on the received serial link. 

Applied Micro Circuits Corporation 
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Transmitter Timing Diagram 

REFCLK 

0[10:19] 10 BIT DATA 

SERIAL 
DATA OUT 

Receiver Timing Diagram 

SERIAL DATA IN 

REFCLK (125 MHz) 

RCLK (62.5 MHz) 

RCLKN (62.5 MHz) 

0[10:19] 10 BIT DATA 
and SYNC 
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52046 Transmitter Timing 

Parameters Description Min Max Units Conditions 

T1 Data setup w.r.t. t REFCLK 2 - ns See note. 

T2 Data hold w.r.t. tREFCLK 1.5 - ns -
Note: All AC measurements are made from the reference voltage level of the clock (1.4V) to the valid input or output data levels 
(.8V or 2.0V). 

52047 Receiver Timing 

Parameters Description Min 

T3 RCLK to RCLKN skew -
T4 Data setup w.r.t RCLK, RCLKN 3.0 

Ts Data hold w.r.t RCLK, RCLKN 1.5 

Max. Load= 15 pF. 

Max 

1 

Units Conditions 

ns Tested on a sample basis. 

ns 1.0625 GHz Mode 

ns 1.0625 GHz Mode 

Applied Micro Circuits Corporation 
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Figure 9. Serial Output Load 

~Q 
1 ~CLVCC -2.0V 

Figure 10. Receiver Input Eye Diagram Jitter Mask 

Bit Time 

Amplitude 

Applied Micro Circuits Corporation 
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ACQUISITION TIME 

With the input eye diagram shown in Figure 11, the 
82047 will recover data with a 10-9 BER within 50 bit 
times after an instantaneous phase shift of the in
coming data. Note: This is only valid after a 10 ms 
initial reset has been applied on power up. 

Figure 11. Acquisition Time Eye Diagram 
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Ordering Information 

4-78 

GRADE TRANSMITTER PACKAGE SHIPPING CONFIGURATION 

Blank = trays 
S - commercial 2046 B-52 PQFP ID= dry pack 

fTD = tape, reel, and dry pack 

GRADE RECEIVER PACKAGE SHIPPING CONFIGURATION 
Blank =trays 

S - commercial 2047 B-52 PQFP ID= dry pack 
fTD = tape, reel, and dry pack 

~ \ I / 
x xxxx x x 

Grade PartriUriiber Package Configuration 

Example: 820468-5-52046 in a 52 PQFP package shipped in trays. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



ADVANCE INFORMATION 
AMCC® 

FIBRE CHANNEL AND GIGABIT ETHERNET TRANSCEIVER 52052 

FEATURES 

• Functionally compliant with ANSI X3T11 Fibre 
Channel physical and transmission protocol 
standards and IEEE 802.3Z Gigabit Ethernet 
Applications 

• Transmitter incorporates phase-locked loop 
(PLL) providing clock synthesis from low-speed 
reference 

• Receiver PLL configured for clock and data 
recovery 

• 1250 and 1 062 Mb/s operation 
• 10-bit parallel TTL compatible interface 
• BOOmW typical power dissipation 
• +3.3V power supply 
• Low-jitter serial PECL compatible interface 
• Lock detect 
• Local loopback 
• 64 PQFP package 
• Fibre Channel framing performed by receiver 
• Continuous downstream clocking from receiver 
• Drives 30m of Twinax cable directly 

APPLICATIONS 

High-speed data communications 

• Workstation 
• Frame buffer 
• Switched networks 
• Data broadcast environments 

Figure 1. System Block Diagram 

Gigabit 
Ethernet 
Controller 

52036 
Open 
Fiber 

Control 
(OFC) 

Applied Micro Circuits Corporation 
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• Proprietary extended backplanes 
• RAID drives 
• Mass storage devices 

GENERAL DESCRIPTION 

The S2052 transmitter and receiver chip is designed 
to perform high-speed serial data transmission over 
fiber optic or coaxial cable interfaces conforming to 
the requirements of the ANSI X3T11 Fibre Channel 
specification. The chip runs at 1250.0, and 1062.5 
MbiVs data rates with associated 10-bit data word . 

The chip performs parallel-to-serial and serial-to-par
allel conversion and framing for block-encoded data. 
The transmitter's on-chip PLL synthesizes the high
speed clock from a low-speed reference. The 
receiver's on-chip PLL synchronizes directly to incom
ing digital signal to receive the data stream. The 
transmitter and receiver each support differential 
PECL-compatible 1/0 for fiber optic component inter
faces, to minimize crosstalk and maximize data 
integrity. Local loopback mode is provided for system 
diagnostics. 

Figure 1 shows a typical configuration incorporating 
the chip, which is compatible with AMCC's S2036 
Open Fiber Control (OFC) device. 

82036 
Open 
Fiber 

Control 
(OFC) 

Gigabit 
Ethernet 
Controller 
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$2052 OVERVIEW 

The S2052 transmitter and receiver provide serializa
tion and deserialization functions for block-encoded 
data to implement a Fibre Channel interface. Opera
tion of the S2052 is straightforward, as depicted in 
Figure 2. The sequence of operations is as follows: 

Transmitter 
1. 10-bit parallel input 
2. Parallel-to-serial conversion 
3. Serial output 

Receiver 
1. Clock and data recovery from serial input 
2. Serial-to-parallel conversion 
3. Frame detection 
4. 1 0-bit parallel output 

The 1 0-bit parallel data handled by the S2052 device 
should be from a DC-balanced encoding scheme, such 
as the 88/1 OB transmission code, in which informa
tion to be transmitted is encoded 8 bits at a time into 
10-bit transmission characters1, and be compliant with 
ANSI X3.230 FC-PH (Fibre Channel Physical and Sig
naling Interface). 

Figure 3. Functional Block Diagram 

10 
TX[0:9] 

TXTESTN 

TBC-----~ 

RXP 
RXN 

TP 
TN 

EWRAP----

PLLCLOCK 
MULTIPLIER 
Fo = F1X10 

·LCK_REF-------r--

EN_CDET 
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CONTROL 
LOGIC 

Internal clocking and control functions are transpar
ent to the user. Details of data timing can be seen in 
Figure 4. A block diagram showing the basic chip 
operation is shown in Figure 3. 

Loop back 

Local loopback is supported by the chip, and pro
vides a capability for performing offline testing of the 
interface to ensure the integrity of the serial channel 
before enabling the transmission medium. It also al
lows for system diagnostics. 

Figure 2. Interface Diagram 

Parallel Parallel 
Data In Data Out 

S2052 RBC 

Transceiver COM_DET 
Serial 

Data Out 

Serial 
TBC Data In 

">----~TxP 

RX[0:9] 

i------ COM_DET 

RBC1 

RBCO 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



AMCC 
FIBRE CHANNEL AND GIGABIT ETHERNET TRANSCEIVER 52052 

TRANSMITTER FUNCTIONAL 
DESCRIPTION 
The S2052 transmitter accepts parallel input data and 
serializes it for transmission over fiber optic or coaxial 
cable media. The chip is fully compatible with the ANSI 
X3T11 Fibre Channel standard, and supports the Fi
bre Channel Gigabit Ethernet standard's data rates of 
1250 and 1062 MbiVsec. (See Figure 3.) 

Parallel/Serial Conversion 

The parallel-to-serial converter takes in 1 0-bit wide 
data from the input latch and converts it to a serial 
data stream. Parallel data is latched into the transmitter 
on the positive going edge of TBC. The data is then 
clocked synchronous to the clock synthesis unit serial 
clock into the serial output shift register. The shift 
register is clocked by the internally generated bit clock 
which is 1 Ox of the TBC inputfrequency. DO is trans
mitted first as described in annex N and Tables 22 
and 23 of FC-PH. Table 1 shows the mapping of the 
parallel data to the 88/1 OB codes. 

Transmit Byte Clock 

The transmit byte clock input (TBC) must be supplied 
with a clock source with 100 PPM tolerance to assure 
that the transmitted data meets the Fibre Channel fre
quency limits. The internal serial clock is frequency locked 
to the reference clock (125.00 and 106.25 MHz). 

RECEIVER FUNCTIONAL DESCRIPTION 

The S2052 receiver is designed to implement the ANSI 
X3T11 Fibre Channel specification and the IEEE 802.3Z 
Gigabit Ethernet receiver functions. A block diagram 
showing the basic chip function is provided in Figure 3. 

Whenever a signal is present, the S2052 attempts to 
achieve synchronization on both bit and transmission
word boundaries of the received encoded bit stream. 
Received data from the incoming bit stream is pro
vided on the device's parallel data outputs. 

The S2052 accepts serial encoded data from a fiber 
optic or coaxial cable interface. The serial input stream is • 
the result of the serialization of 88/1 OB encoded data by 
an FC compatible transmitter. Clock recovery is performed 
on-chip, with the output data presented to the Fibre 
Channel transmission layer as 10-bit parallel data. 

Table 1. Data Mapping to Bb/10b 
Alphabetic Representation 

Data Byte 

0 1 2 3 4 5 6 7 8 9 

a b c d e g h 

Figure 4. Functional Waveform (1250 and 1062.5 Mbitlsec) 

TBC 
(Input) 

PARALLEL 
DATA BUS 
(Input) 

SERIAL DATA 

RBCO 
(Output) 

RBC1 
(Output) 

COM_DET 
(Output) 

PARALLEL 
DATA BUS 
(Output) 

1<28.5 1<28.5 

1<28.5 1<28.5 

1<28.5 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 1<28.5 

1. A.X. Widmer and P.A. Franaszek, "A Byte-Oriented DC Balanced (0,4) 8B/10B Transmission Code," IBM Research Report RC 9391, 
May 1982. 
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Serial/Parallel Conversion 

Serial data is received on the RX, RY pins. The PLL 
clock recovery circuit will lock to the data stream if 
the clock to be recovered is within ±100 PPM of the 
internally generated bit rate clock. The recovered clock 
is used to retime the input data stream. The data is 
then clocked into the serial to parallel output regis
ters. Data is clocked out on the rising edge of RBC1 
and RBCO. The parallel data out is 1 o bits wide. The 
word clock (RBC1) is synchronized to the incoming 
data stream word boundary by the detection of the 
Fibre Channel Comma character, positive disparity 
(0011111XXXX), found in the K28.5 control character. 

Transmit Byte Clock Input 

The transmit byte clock input must be supplied with a 
TTL clock source at ±100 PPM tolerance. 

Framing 

The S2052 provides COM_DET character recognition 
and data word alignment of the TTL compatible output 
data bus. In systems where the COM_DET function is 
undesired, a LOW on the EN_CDET input disables the 
COM_DET function and the data will be "un-framed". 

When framing is disabled by low EN_CDET, the S2052 
simply achieves bit synchronization within 250 bit times 
and begins to deliver parallel output data words when
ever it has received full transmission words. No attempt 
is made to synchronize on any particular incoming char
acter. 

The COM_DET output signal will go high whenever a 
positive disparity comma character, found in the K28.5 
control character, is present on the parallel data out
puts. The COM_DET output signal will be low at all 
other times. 

4-82 

Lock Detect 

The S2052 lock detect function monitors the state of 
the receiver phase-locked loop (PLL) clock recovery 
unit. The PLL will lock within 250 bit times after the 
start of receiving serial data inputs. If the serial data 
inputs have an instantaneous phase jump (from a se
rial switch, for example) the PLL will not indicate an 
out-of-lock state, but will recover the correct phase align
ment within 50 to 250 bit times, depending on the input 
eye opening. (See Fig. 14). If a run length of 80-160 
bits is exceeded, or if the input data rate varies by 
more than 1000 ppm compared to the reference clock, 
the loop will be declared out of lock. When lock is lost, 
the PLL will shift from the serial input data to the refer
ence clock, so that the downstream clock will maintain 
the correct frequency. 

In any transfer of PLL control from the serial data to the 
reference clock, the RBC1/RBCO output remains phase 
continuous and glitch free, assuring the integrity of down
stream clocking. 

OTHER OPERATING MODES 

Loopback 

When local loopback is enabled, serial data from the 
transmitter is internally routed to the receiver, where 
the clock is extracted and the data is deserialized. The 
parallel data is then sent to the subsystem for verifica
tion. This loopback mode provides the capability to 
perform offline testing of the interface to guarantee the 
integrity of the serial channel before enabling the trans
mission medium. It also allows system diagnostics. 

Operating Frequency Range 

The S2052 is optimized for operation at 1250 and 
1062 Mbit/s. Operation at other rates is possible if the 
rate falls between the nominal rates. REFCLK must 
be selected to be within 100 ppm of the desired byte 
or word clock rate. 

Applied Micro Circuits Corporation 
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52052 Transmitter Pin Assignment and Descriptions 

Pin Name Level VO Pin # Description 

TX9 TTL I 13 Transmit data. Parallel data on this bus is clocked in on the 
TX8 12 rising edge of TBC. TXO is transmitted first. 
TX7 11 
TX6 9 
TX5 8 
TX4 7 
TX3 6 
TX2 4 
TX1 3 
TXO 2 

TBC TTL I 22 Reference clock and transmit byte clock, a crystal-controlled • reference clock for the PLL clock multiplier. The frequency of 
TBC is the bit rate divided by 10. 

TXTESTN TTL I 10 When LOW, TBC replaces internal TX bit clock to facilitate 
factory testing. When HIGH, the TX PLL will lock to the TBC 
input. 

TXP Diff. 0 62 Differential PECL outputs that send out the serial transmitter 
TXN PECL 61 data and drive 75Q or SQQ termination to Vcc-2V. TXP is the 

positive output, and TXN is the negative output. 

Applied Micro Circuits Corporation 
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52052 Receiver Pin Assignment and Descriptions 

Pin Name Level 1/0 

RX9 TTL 0 
RX8 
RX7 
RX6 
RX5 
RX4 
RX3 
RX2 
RX1 
RXO 

RBC1 Diff. 0 
RBCO TTL 

EN_ CD ET TTL I 

RXP Diff. I 
RXN LVPECL 

RXBYPN TTL I 

-LCK_REF I 
Level 
Static 

COM_DET TTL 0 
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Pin # 

34 
35 
36 
38 
39 
40 
41 
43 
44 
45 

30 
31 

24 

54 
52 

5 

27 

47 

Description 

Receive data outputs. Parallel data on this bus is valid on the 
rising edge of RBCO and RBC1. RXO is the first bit received. 

Receive clock. Parallel data is valid on the rising edge of RBCO 
and RBC1 (see timing diagram in Figure 8). After a sync word is 
detected, the period of the current RBC1 and RBCO is stretched 
to align with the word boundary. 

Enable comma detect. When High, enables sync detection. 
Detection of the 7-bit comma+ character sync pattern, RX(0-9) 
= (K28.5:0011111 XXX), will enable the word boundary for the 
data to follow. When Low, data is treated as unframed data. 

(Externally capacitively coupled.) Differential LVPECL received 
serial data inputs. RXP is the positive input, and RXN is the 
negative input. Internally biased. 

When Low, TBC replaces internal RX bit clock to facilitate 
factory testing. 

Multi-level Static Lock to reference input. When Low, the RX 
PLL will lock to the TBC input. When High, the RX PLL will lock 
to the incoming data. When Open (not connected), the RX will 
be held in reset. 

Comma detect. Upon detection of a valid sync symbol, this 
output goes high for one RBC1 period. When sync is active, the 
sync character shall be present on the parallel data bus bits 
RXO-RX9. 

Applied Micro Circuits Corporation 
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52052 Common Pin Assignment and Descriptions 

Pin Name Level 110 Pin# Description 

EWRAP TTL I 19 Enable Wrap input. When High, selects the transmitter serial 
output data to be routed to the receiver. When Open (not 
connected), the transmitter is held in the reset state and RXP/N 
is selected. When Low, selects RXP and RXN (normal 
operation). TXP, TXN are static when EWRAP is High. 

ECLVCC +3.3V - 20,23 Core +3.3V 

TTLGND GND - 32, 46 TTL Ground 

TTLVCC 3.3V - 37, 42 TTL Power Supply (3.3V) 

ECLIOVCC 3.3V - 55, 60, PECL 1/0 Power Supply (3.3V) 
63 • 

ECLIOVEE GND - 56, 64 PECL 1/0 Ground 

AVCC 3.3V - 18,50 Analog Power Supply (3.3V) 

AVEE GND - 15, 51 Analog Ground 

ECLVEE GND - 21, 25, Core Ground 
58 

GND GND - 1, 14 These pins require connection to Ground. 

NC - - 16, 17, No Connection 
26, 28, 
29, 33, 
48, 49, 
53, 57, 

59 
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Figure 5. 64 PQFP (10mm x 10mm) Package 
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Figure 6. 64 PQFP (14mm x 14mm) Package 
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Absolute Maximum Ratings 

PARAMETER MIN TYP MAX UNIT 

Case Temperature under Bias -55 125 oc 
Junction Temperature under Bias -55 150 oc 
Storage Temperature -65 150 oc 
Voltage on VCC with Repect to GND -0.5 +7.0 v 
Voltage on any TTL Input Pin except 

-0.5 3.47 v 
Tx[0:9] 

Voltage on TTL input pin TX (0:9] +5.5 v 
Voltage on any PECL Input Pin 0 vcc v 
TTL Output Sink Current 8 mA 

TTL Output Source Current 8 mA 

High Speed PECL Output Source 
50 mA 

Current 

Static Discharge Voltage 500 v 

Recommended Operating Conditions 

PARAMETER 

Ambient Temperature under Bias 

Junction Temperature under Bias 

Voltage on TTLVCC, ECLVCC, 
ECLIOVCC, and AVCC with respect to 
GNDNEE 

Voltage on TTL Input Pin except TX 
[0:9] 

Voltage on any PECL Input Pin 

Voltage on TTL data TX [0:9] 

Reference Clock Requirements 

Parameters Description Min Max 

FT Frequency Tolerance -100 +100 

TD1-2 Symmetry 40 60 

TRCR• TRCF REFCLK Rise and Fall Time - 2 

- Random Jitter TBD 

MIN TYP MAX UNIT 

0 70 oc 
130 oc 

3.13 3.3 3.47 v 

0 3.47 v 
vcc vcc v 
-2.0V 

0 5.0 

Units Conditions 

ppm -
% Duty Cycle at 50% pt. 

ns 20-80% 

ps Peak-to-Peak 
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Table 2. 52052 DC Characteristics 

Parameters Description Min Typ Max Units Conditions 

VoH Output HIGH Voltage (TIL) 2.2 2.5 vcc v Vee= min, loH = -400 µA 

VOL Output LOW Voltage (TTL) GND .025 0.5 v Vee= min, loL = 1 mA 

V1H Input HIGH Voltage (TTL) 2.0 - - v IH S 1mA at VIH = 5.SV 

VIL Input LOW Voltage (TTL) GND - 0.8 v -

l1H Input HIGH Current (TTL) - - 40 µA v1N = 2.4V, Vee= max 

l1L Input LOW Current (TTL) - - 600 µA v1N =DAV, Vee= max • 1cc Supply Current 240 330 mA Outputs open, Vee= Vee max 

Po Power Dissipation .B 1.15 w Outputs open, Vee= Vee max 

VDIFF Min. differential input voltage 100 1300 mV 
swing for differential PECL 
inputs 

,lVour Serial Output Voltage Swing 600 - 1600 mV son to Vee -2.ov 

Cin Input capacitance - 4 PF 
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Table 3. 52052 Performance Summary 

Parameter 52052 Units 

Operating Frequency * 1250 1062.5 Mbit/s 

Serial clock period .800 .941 ns 

Byte clock period 8.00 9.41 ns 

Acquisition Time 250 250 ns 

Reference clock 125.0 106.25 MHz 

Word width 10 10 Bits 

* ±10% lock range, nominal frequency is per FC-PH standard. 

Table 4. 52052 Transmitter Timing 

Parameters Description Min Max Units Conditions 

T1 Data setup w.r.t. I REFCLK 2 - ns See note. 

T2 Data hold w.r.t. !REFCLK 1.5 - ns -

TsoR•TSDF Serial data rise and fall - 300 ps 20% to 80%, tested on a sample basis. 

Transmitter Output Jitter Allocation 

TJRMS Serial data output random - 20 ps RMS, tested on a sample basis. 
jitter(RMS) Measured with 101 o pattern. 

ToJ Serial data output - 100 ps Peak-to-peak, tested on a sample basis. 
deterministic jitter (p-p) Measured with IDLE pattern. 

Note: All AC measurements are made from the reference voltage level of the clock (1.4V) to the valid input or output data levels 
(.BV or 2.0V). 

Table 5. 52052 Receiver Timing 

4-90 

Parameters Description Min Max Units. Conditions 

T3 RBCO to RBC1 skew - 1 ns Tested on a sample basis. 

T4 Data setup w.r.t. RBCO, RBC1 3.0 ns 1.0625 GHz Mode 

Ts Data hold w.r.t RBCO, RBC1 1.5 ns 1.0625 GHz Mode 

Ts Data setup w.r.t RBCO, RBC1 2.5 ns 1.250 GHz Mode 

T1 Data hold w.r.t RBCO, RBC1 1.5 ns 1.250 GHz Mode 

TRCR•TRCF RBCO, RBC1 rise and fall time - 3.0 ns Measured from .BV to 2.0V. 

ToR•TDF Data Output rise and fall time - 3.0 ns Measured from .BV to 2.0V. 

TsoR·TsoF Serial data input rise and fall - 300 ps 20% to 80%. (See Figure 10.) 

TLOCK Data acquisition lock time @ - 2.4 µs 
BB/1 OB IDLE pattern sample basis 

<1.0625Gb/s 

Duty Cycle RBCO/RBC1 Duty Cycle 40% 60% 

Input Jitter 
Input data eye opening 

30% - bit time As specified in Fibre Channel FC-PH 

Tolerance 
allocation at receiver input standard eye diagram jitter mask. 
for BER S1E-12 

Note: All TTUCMOS AC measurements are assumed to have the output load of 10pF. 
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Figure 7. Transmitter Timing Diagram 

TBC 

TX[0:9] 10 BIT DATA 

SERIAL 
DATA OUT 

Figure 8. Receiver Timing Diagram (1062.5 Mbits/sec mode) 

TBC (106.25 MHz) 

RBC1 (53.125 MHz) 

RBCO (53.125 MHz) 

RX[0:9] 10 BIT DATA 
and SYNC 

Figure 9. Receiver Timing Diagram (1250 Mbits/sec mode) 

SERIAL DATA IN 

TBC (125 MHz) 

RBC1 (62.5 MHz) 

RBCO (62.5 MHz) 

RX[0:9] 10 BIT DATA 
and SYNC 
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Figure 10. Serial Input Rise and Fall Time 

Figure 11. Serial Output Load 

~Q 
1" ~-DD - 2.0V 

Figure 12. TTL Input and Output Rise and Fall Time 

Figure 13. Receiver Input Eye Diagram Jitter Mask 

Bit Time 

Amplitude 

BO"/. 
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ACQUISITION TIME 

With the input eye diagram shown in Figure 14, the 
S2052 will recover data with a 10-9 BER within 50 bit 
times after an instantaneous phase shift of the in
coming data. 

Figure 14. Acquisition Time Eye Diagram 

Q) 
"O 
::I 
~ 

15.. 
E 
<( 
"O 
Q) 

.!::! 
(ii 
E 
0 
z 

1.3 

1.0 

0.8 
0.7 

0.5 

0.3 
0.2 

0 

-0.20 
.10 .30 .40 .60 .70 .90 1.0 

Normalized Time 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



AMCC 
FIBRE CHANNEL AND GIGABIT ETHERNET TRANSCEIVER $2052 

Ordering Information 

GRADE DEVICE PACKAGE 

S - commercial 2052 B - 64 PQFP (14mm) 
C - 64 PQFP (1 Omm) 

\ I • 
x xxxx x 

Grade Part number Package 
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DEVICE SPECIFICATION 
AMCC® 

HIPPI SOURCE/DESTINATION INTERFACE CIRCUITS S2020/S2021 

FEATURES 
• Functionally compliant with the ANSI HIPP! 

standard 
• 32-Bit data channel 
• Equivalent single channel rate of 800 Mbits/sec 
• Host-side interface single-ended TTL designed 

for use with external FIFO 
• Channel-side interface differential ECL 1 OK 
• Four rank data and control signal 

synchronization 
• Byte parity checking 
• Length/Longitudinal Redundancy Checkword 

(LLRC) generation and checking 
• Automatic division of data into HIPP! bursts 
• 16-Bit READY counter for flow control 
• Maximum latency through both ICs 

Connection: 600ns, Data: 400ns 
• Diagnostic modes for self test 
• Standard +SV, OV(gnd), and -5.2V power 

requirements 
• 225-pin ceramic PGA package 
• 208-pin Thermally Enhanced Plastic (TEP) 

Figure 1. Interface Signal Summary 

Request 
Connect 
Data Bus ,32 

Pari!Y_Bus ~4 
Source Re adv 

., 
PackeL 
Burst 
Clock 
Interconnect S -+ D 
Interconnect D -+ S 

Source: ANSI X3.183-1991 
High-Performance Parallel Interface. 
Mechanical, Electrical, and Signalling 
Protocol Specttication (HIPPl-PH). 
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Destination 
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GENERAL DESCRIPTION 

The S2020 and the S2021 are Source and Destination 
interface circuits, respectively, for the High
Performance Parallel Interface (HIPPI) standard. 
These circuits are designed to completely meet the 
signalling protocol of the proposed ANSI HIPPI 
specification: current document number X3.183-
1991 They include both LLRC generation and 
checking as well as byte parity checking. The 
S2021 also incorporates a sophisticated four rank 
synchronization scheme to ensure that the incoming 
data and control signals are coupled to the local 
clock. Data flow control is provided by a 16-bit ready 
counter in both the Source and the Destination 
circuits. HIPP! data BURST partitioning is also 
provided in the Source circuit. 

Architected and designed by Network Systems 
Corporation, the S2020 and S2021 utilize AMCC's 
1.5-micron BiCMOS technology. AMCC's BiCMOS 
technology is especially optimized for high performance 
mixed mode ECL/TTL applications such as the 
HIPPI Source and Destination interfaces. AMCC 
pioneered ECL/TTL mixed mode BiCMOS capability 
and continues to be the leading U.S. supplier of 
BiCMOS VLSI circuits. 
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HIPPI OVERVIEW 

The individual HIPPI channel is a simplex interface, 
meaning that data moves in one direction from the 
HIPPI Source (S2020) to the HIPPI Destination 
(S2021 ). Thus a fully bidirectional interface requires 
the use of two HIPP! channels as indicated in the 
System Block Diagram. 

Figure 2. System Block Diagram 

HOST 
MEMORY 
SYSTEM 

HOST 
MEMORY 
SYSTEM 

The transfer of data from the Source to the 
Destination depends on the physical connection of 
the two endpoints and the exchange of requesting, 
acknowledging, and data delimiting signals. The 
Source and Destination circuits both observe the 
state of the INTERCONNECT signals to verify a 
physically intact channel. If both Source and 
Destination are interconnected, the Source may 
initiate a data transfer by asserting the REQUEST 
signal. At the same time the Source places a 32 bit 
word also known as the I-Field on the data lines 
together with the appropriate Byte parity. The Upper 
Level Protocols (ULPs) controlling the Source and 
Destination may use this information for routing. The 
Destination responds to the REQUEST by asserting 
the CONNECT signal either for a short period while 
leaving the READY signal inactive to actively reject 
the REQUEST, or by asserting CONNECT and then 
asserting the READY signal to accept the REQUEST 
and indicate the availability of an input data buffer. 
The Destination can also accept the REQUEST by 
asserting CONNECT for a longer period without 
sending a READY, thus indicating a temporary delay 
in the availability of an input data buffer. The Source 
may remove the I-Field data after detecting the 
CONNECT signal. 

5- 4 

Once the connection is established, data transfer 
can proceed according to the Physical Framing 
Hierarchy (see Figure 3). The basic data block is the 
Burst consisting of from 1 to 256 words of 32 data 
bits and 4 bits of odd byte parity. Each Burst is 
delimited by the assertion and deassertion of the 
BURST signal by the data Source. Every burst is 
followed immediately by Length/Longitudinal Redun
dancy Checkword (LLRC) which is the even parity 
for each bit for the entire length of the Burst together 
with the modulo 256 count of the number of words in 
the Burst. The count is included in the parity 
calculation for the least significant 8 bits of the LLRC 
word. For the normal full burst of 256 words, the 
count is all zeros (256 base 2 truncated to 8 bits). 

I Disabled I 1-Field I Connection I -- ' ....... -- .............. 

r~~et I Packet I Wait I Packet >I _ _. -------- -----
Wait Burst LLRC Wait Burst LLRC Wait Burst LLRC 

,,, ............ ,,,-" ...... 

I 2ss words of 32 bits each I 
Source: ANSI X3.183-1991 

High-Performance Parallel Interface. 
Mechanical, Electrical, and Signalling 
Protocol Specification (HIPPl-PH). 

One or more Bursts are grouped as a Packet 
delimited by the assertion and deassertion of the 
PACKET signal by the Source. Wait periods are 
placed between Bursts and between Packets to 
allow synchronization adjustments between the 
Source and Destination circuits. A connection may 
contain one or more Packets. The details of the data 
transfer handshake are shown in Figure 4. 

$2020 AND $2021 DESCRIPTION 

The S2020 Source and the S2021 Destination 
circuits generate all of the required control and 
handshaking signals described above in the correct 
timing relationships, as well as providing Burst and 
Packet control, READY to BURST coordination, and 
LLRC generation and checking. 

Applied Micro Circuits Corporation 
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Figure 4. Typical HIPPl-PH Waveforms 

REQUEST (S) j 11_ 
CONNECT(D) ~I l--i_ 

READY (D) -11J11_Jl_l_.Jl.l--
PACKET (S) _s-l 1-U-1l_ 

BURST(S) _j1Lj1l__l1l__ 

DATABUS(S)~"~~ 

I-Field Data LLRC Data LLRC Data LLRC 
Burst Burst Burst 

Source: ANSI X3.183-1991 
High-Performance Parallel Interface. 
Mechanical, Electrical, and Signalling 
Protocol Specttication (HIPPl-PH). 

The Host systems are the actual originator and the 
ultimate destination of the data sent over the HIPPI 
channel. The purpose of the S2020 and S2021 is to 
decouple the Host hardware and software from the 
timing and formatting details of the interface. Each 
circuit can be considered as having a "Host-side" 
and a "HIPPl-side." The Host-side of the Source 
circuit accepts data from the Host FIFO and passes 
it to the HIPPl-side. The HIPPl-side controls the 
forward signals (REQUEST, PACKET, BURST and 
CLOCK) and receives the reverse signals (CONNECT 
and READY) of the HIPPI channel. The HIPPl-side of 
the Destination circuit receives the forward signals 
and controls the reverse signals of the HIPPI 
channel. The Host-side of the Destination delivers 
the received data to the Host FIFO. 

The Host-side of both circuits can be thought of as 
consisting of four sections: 

• Connect Control (for connecting/disconnecting 
to/from the HIPPI channel) 

• Data/FIFO Control (for moving data to/from the 
Host logic) 

• Data + Parity (for presenting data to/from the 
Host logic 

• Status/Control (for general control of the circuit 
and to obtain status from the circuit) 

The purpose of these circuits is to reduce the 
complexity of the circuitry required to mate a Host 
memory system to the HIPPI channel. The Host-side 
is primarily single-ended TTL while the HIPPl-side is 
primarily differential ECL. Beside meeting the 
signalling protocol requirements of the HIPPI 
standard, the circuits provide a reduction of the 
signal lines to the host interface. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

The circuits provide diagnostic modes for testing the 
devices themselves plus the circuitry that interfaces 
to the device. In the self-test modes, the INTER
CONNECT signal can be deasserted. This 
effectively "unplugs" the device undergoing self-test 
from the HIPPI channel making it unavailable for 
connection and thus unable to generate spurious data 
or control information while in the diagnostic mode. 

S2020 HIPPI SOURCE DEVICE 

This device meets the signalling protocol requirements 
for a HIPPl-Source; i.e., it controls the forward signals 
and receives and acts on the reverse signals. 

The Host-side consists of 45 single-ended TTL inputs 
used for data, control and the 50 MHz clock as well 
as 9 single-ended TTL outputs used for control of 
the external FIFO and to obtain device status . 

The HIPPl-side consists of 40 differential ECL 
outputs (forward signals), 2 differential ECL inputs 
(reverse signals), 1 single-ended TTL output 
(Source-to-Destination INTERCONNECT signal) and 
1 single-ended ECL input (Destination-to-Source 
INTERCONNECT signal). 

ELECTRICAL REQUIREMENTS 

The differential ECL outputs require eighty 330 Ohm 
2% resistors, one per pin. The differential ECL inputs 
require two 110 Ohm 2% resistors, one per input pair. 

The two INTERCONNECT signals require external 
transmit and receive networks to reliably implement the 
signal swing required by the HIPPI Specification. For 
the Source-to-Destination INTERCONNECT (output 
signal), the required network is shown in Figure 10. 

It should be noted that this network is only required if 
switching control of the INTERCONNECT signal by 
the Source device is desired. The network may be 
omitted and a simple pull-down of the Source-to
Destination INTERCONNECT via a 220 Ohm resistor 
to Vee may be used as indicated in the ANSI standard. 
For the Destination-to-Source INTER-CONNECT (input 
signal), the required network is shown in Figure 11. 

The network is strongly recommended for use on the 
received INTERCONNECT signal to avoid risk of 
saturation when operated with a switchable INTER
CONNECT Destination device such as the S2021. It 
is also recommended for use in the non-switched 
passive pull-down applications to avoid damage to the 
ECL input due to transients caused by mechanical 
connection/disconnection cycles of the allowed cabling 
while Source and Destination are under power. 
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Figure 5. HIPP/ Source Block Diagram 
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The Connection latency through the Source device 
consists of two parts: 1 ) The delay from the rising 
edge of the TTL input CONNECT _REQUEST to the 
assertion of the REQUEST signal in parallel with the 
placement of the I-Field data on the Host data bus 
and its availability on the HIPPI channel data bus (4 
clock cycles), and 2) the delay from the detection of 
the CONNECT signal for the 17th clock cycle and 
the assertion of the TTL outputs CONNECT _OUT 
and ACCEPT/REJECT to the Host (3 to 4 clock 
cycles). The total connection latency in the Source 
device ranges from 7 to a clock cycles. This does 
not include cable delay or Destination processing. 

DATA LATENCY 

The data latency through the Source device is 
defined as the delay from the rising edge of the 
BURST_AVAILABLE signal and the assertion of the 
BURST signal on the HIPPI channel. The data 
latency is 4 clock cycles. This does not include cable 
delay or Destination processing. 
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SOURCE CONNECT CONTROL 

Connection control is provided by four control signals 
and two error flags on the Host-side of the Source 
device. Using the signals the Host can "request" a 
connection to a Destination and monitor the results 
(whether the Destination has accepted or rejected the 
connection request). Timeout mechanisms, if required, 
must be provided by the Host hardware or software. 

DESTINATION_AVAILABLE (output) [DSTAV]* 

A high level on this signal indicates an active 
Destination-to-Source INTERCONNECT signal. Low 
indicates inactive INTERCONNECT. 

CONNECT _REQUEST (input) [CNREQ] 

This signal when high directs the Source device to 
read the I-Field from the Host System (see HIPPI 
Data Control, page ). When a valid I-Field is read, it 
is placed on the HIPPI channel and the HIPPI 
REQUEST signal is asserted. The information in the 
I-Field can be used by intermediate HIPP! nodes 
(nodes that are not end-points) to control the routing 
of the associated connection. The Host would then 
monitor the CONNECT_OUT and ACCEPT/REJECT 
signals to determine the state of the connection. 

"Bracketed signal name refers to pin mat~x on pages 20-23 (all signals). 
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CONNECT _OUT (output) [CNOUT] 

This signal, along with the CONNECT _REQUEST 
and ACCEPT/REJECT signals defines the current 
state of the HIPPI connection. A high level indicates 
active acceptance or rejection of a requested 
connection. 

ACCEPT/REJECT (output) [ACREJ] 

This signal along with the CONNECT _REQUEST 
and CONNECT _OUT signals defines the current 
state of the HIPPI connection. A high level indicates 
active acceptance of a requested connection. 

SEQUENCE_ERROR (output) [SQERR] 

This signal when high indicates the presence of 
either a Source error state (PACKET_AVAILABLE 
dropped before the first word of Burst transmitted or 
CONNECT _REQUEST is reasserted before Destin
ation has deasserted CONNECT} or Destination 
error state (CONNECT is detected before REQUEST 
has been asserted}. 

SOURCE_NOT_DESTINATION (output) [SANDS] 

This signal is used to distinguish between a Source 
error (logic 1 state) and a Destination error (logic 0 
state). 

DATA/FIFO CONTROL 

This interface provides control to the Source Host 
system, of the flow and organization of the data to be 
transferred over the HIPPI channel. It is intended for 
this interface to attach to an external synchronous 
FIFO, which is in turn attached to the Source Host 
memory system. Recommended FIFO's capable of 
buffering 4 or more Bursts are: 

IDT P/N 72225LB20 1 K x 18 bits 

IDT P/N 72235LB20 2K x 18 bits 

IDT P/N 72245LB20 4K x 18 bits 

The signals of this interface can be divided into three 
groups; Source FLOW control, Source FIFO control, 
and HIPPI data control. 

SOURCE FLOW CONTROL 

After a HIPPI connection is established, data 
transfer from the Source Host to the Destination 
Host is enabled by the presence of data from the 
Source Host and the current ability of the Destination 
Host to accept data. The presence of data from the 
Source Host is indicated to the Source device on the 
Source FLOW control lines. The ability of the 
Destination Host to receive data is determined by 
the Source device's FLOW control circuit. 

Applied Micro Circuits Corporation 
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The Source device FLOW control circuit consists of a set 
of 16-blt counters that automatically maintain the number 
of READYs received from the HIPPI Destination and the 
number of BURSTs sent to the HIPPI Destination. In 
the Source device, these counters are reset when the 
HIPPI channel is disconnected, and then enabled 
when the HIPPI channel is reconnected. When the 
BURST counter and the READY counter are equal, 
data transfer will be disabled and both counters are 
enabled. When the BURST counter and the READY 
counter are not equal and their difference is not 65535 
[(2exp16)-1], data transfer will be enabled and both 
counters are enabled. When the difference between 
the BURST counter and the READY counter is 65535, 
data transfer is enabled and the READY counter is 
disabled. Disabling the READY counter results in a limit 
of 65535 pending READYs for the HIPPI connection. 

The Source FLOW control signals are: 

BURST_AVAILABLE (input) [BSTAV] 

This signal when held high enables the initiation of a 
data transfer from the FIFO, through the Source 
device, to the HIPPI channel. When held low this 
signal prevents the initiation of a data transfer. A 
transition from high to low after a data transfer has 
been initiated has no effect on that transfer (i.e., the 
current Burst will terminate normally). 

DATA_AVAILABLE (input) [DATAV] 

This signal when high indicates the current presence of 
at least one more word from the Source Host FIFO and 
enables the synchronous load of the data bus into the 
Source device. When low this signal disables the data 
loading. It is intended that this signal be driven by the 
Not Empty flag of the FIFO. In this configuration any 
interruption of the data flow due to the FIFO not being 
refilled by the host will result in a Short Burst with 
normal LLRC and Burst termination. This signal must 
be reasserted and the BURST _AVAILABLE signal 
reasserted to start a subsequent Burst. 

DATA_REQUEST (output) [DTREQ] 

This signal indicates the current ability of the HIPPI 
Destination to accept data. When high the signal 
indicates a current connection on the HIPPI channel 
and the inequality of the BURST and READY 
counters in the Source device FLOW control circuit. 
When low, (and during a HIPPI channel connection) 
the signal indicates the equality of the BURST and 
READY counters in the Source device FLOW control 
circuit, i.e., the Source has sent one BURST to the 
HIPP! Destination for each READY received from 
that Destination. 
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SOURCE FIFO CONTROL 

When a data transfer is enabled, the Source device 
will initiate read operations of the Source Host FIFO 
by activating the Source FIFO control lines. 

The Source FIFO control signals are: 

READ_CLOCK (output) [RDCLK] 

This signal is a continuous 25 MHz clock synchronous 
with the internal clocks of the Source device and the 
HIPPI channel differential ECL CLOCK signal. The 
signal is intended to be used together with NREN to 
control the read function of the FIFO and as a 
reference for timing critical Host-side control signals 
such as SHORT_BURST and PACKET_AVAILABLE. 
This signal is intended to drive the 'read clock' input 
of the Source Host FIFO system. 

NOT _READ_ENABLE (output) [NRDEN] 

This signal when held low, is used to strobe data 
from the FIFO to the Source device. This signal is 
used as a gate of the 25 MHz TTL RDCLK for the 
synchronous operation of the FIFO. This signal is 
intended to drive the 'read enable' input of the 
Source Host FIFO system. 

HIPPI DATA CONTROL 
PACKET_AVAILABLE (input) [PKTAV] 

This signal when high causes the Source device to 
start a Packet if Bursts are available. When brought 
low, this signal will end the Packet. 

SHORT _BURST (input) [SHBST] 

This signal when high while PACKET_AVAILABLE is low 
indicates presence of I-Field data at the Source device 
input data lines. During a Burst, a high level indicates that 
the current data word is the last word of a Short Burst. 

Each read operation performed by the Source device 
reads a Data/Parity word, and an associated HIPPI 
data control field consisting of the PACKET_AVAILABLE 
and SHORT _BURST signals. Because the HIPPI 
data control field is to be read in parallel with the 
associated DATA and PARITY, these (two) bits can be 
written by the Source Host into the Source Host FIFO 
as the DAT A and PARITY are transferred into it. As the 
Source device reads each word from the Source Host 
FIFO, the HIPPI data control field specifies what type 
of HIPPI data operation is to be performed. 

The three basic types· of HIPPI data operations are: 
I-Field, HIPPI PACKET control, and HIPPI BURST 
control. The HIPPI data control signals defining these 
data types are shown on the HIPP! Data Control Table. 
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HIPPI DATA CONTROL SIGNALS 
SHORT _BURST PACKET_AVAILABLE 
(input) [SHBST] (input) [PKT AV) 

IDLE. No 
PACKET or 

0 
BURST onto 

0 

HIPPI channel 

Assert PACKET 
onto the HIPP! 0 1 
channel* 

Associated data 
isa HIPPI 1 0 
I-Field 

Associated data 
is last word of 1 1 
HIPPI Burst 

When the Source Host initiates a HIPPI 
CONNECT_REQUEST, the Source device performs 
read operations until a HIPPI I-Field is read. The 
Source device recognizes a HIPPI I-Field by 
decoding the HIPPI data control lines. Once a HIPPI 
I-Field is presented to the Source device, the 
REQUEST line will be asserted on the HIPP! 
channel and the I-Field will be put on the HIPPI 
channel data bus. By identifying the HIPPI I-Field in 
this way, the Source Host can effectively queue 
several connections in the FIFO and also enter 
primary and secondary I-Fields for single connections 
to support alternate paths for connect reject retries. 

When data transfers are enabled, as described 
above, the HIPPI data control field specifies what 
partitioning operations are to be performed by the 
Source device on the associated data word. The 
main partitioning operations are: begin HIPPI 
Packet, maintain HIPPI Packet, terminate HIPPI 
Packet, auto-burst termination, and explicit (short) 
burst termination. 

The three HIPPI Packet functions control the 
organization of data into HIPPI Packets. The auto
bu rst termination allows the Source device to 
automatically delimit the unbounded data from the 
Source Host FIFO into HIPPI Bursts of 256 (max) 
words each. The Short Burst termination allows the 
Source Host to specify BURST boundaries for HIPPI 
data bursts. In addition to the explicit Short Burst 
and auto-burst terminations, the Source device will 
terminate a HIPPI Burst if the HIPPI Packet is 
terminated at a non-256 word boundary or if the 
Source Host supply of data expires on a non-256 
word boundary. 

'The Source - will not assert Packet onto the HIPPI channel until the first 
data Burst of the Packet Is sent. This prevents the possible generation of a zero
Burst Packet OllegaO onto the HIPP! channel. 
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The sequence of control signals and data presented to 
the HIPPI channel by the Source device meet all the 
requirements of the HIPPI specification. There is no 
need for the Source Host to insert wait intervals 
(dummy words) in the FIFO stream to provide the 
required wait intervals between PACKET and BURST" 
(the FIFO can be 100% utilized for HIPPI 
I-Field and data). The Source device will automatically 
generate LLRC and append it to the end of each 
terminated HIPPI Burst regardless of how the Burst 
was terminated. It is the responsibility of the Source 
Host to prevent multiple Short Bursts in one Packet. 

The Source device automatically formats the 
transferred data into packets and bursts with LLRC. 
The Source device counts the number of data words 
received from the FIFO and uses this number as the 
"seed" for the LLRC calculation. 

DATA AND PARITY 

The Source Host presents the HIPPI I-Field and 
Data to the HIPPI Source device on the TIL DATA 
AND PARITY interface. 

32_DATA_+_4_PARITV (inputs) [DATxx,PARxx] 

These lines are used for the I-Field during the connection 
sequence and for data during Burst transfers. 

INPUT _PARITY _ERROR (output) [INPRR] 

Parity is checked just before the data leaves the 
Source device (i.e. at the inputs to the differential 
drivers of the HIPPI channel). Parity errors are 
reported on a word by word basis. Upon detecting a 
parity error for a given word, this signal is set high 
for the duration of the next word's clock cycle 
(approximately 40 nsec). 

Note: All parity errors are indicated but no recovery 
action is taken by the Source device. If there is a 
parity error detected, then the data and the bad 
parity are passed through the Source. 

CHIP STATUS/CONTROL 

Overall control of the HIPPI Source device is provided 
to the Source Host by the STATUS/CONTROL 
interface, which allows the Source Host to control the 
device clock frequency and phase (if necessary), and 
to select the operating mode of the Source device. 
SO_MHZ (input) [SOMHZ] 

This 50 MHz TIL clock is divided by 2 to generate a 
50% duty cycle 25 MHz clock for all internal timing 
functions of the Source device and as the generated 
and transmitted HIPPI channel CLOCK signal. This 
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input also latches the MODE_SELECT inputs on its 
rising edge. The phase of the resulting 25 MHz clock 
is controllable by the phase of the asserted RESET 
mode described below. 
SOURCE DEVICE OPERATING MODES 

The Source device has several operating modes, 
which require external selection by the Source Host. 
Also provided is a 'board test' mode that may be used 
by the Source Host as a part of a system diagnostic 
routine. The Source Host selects the operating 
mode with the two lines, MODE_SELECT _O and 
MODE_SELECT _ 1 [MSELx]. For numerical reference, 
MODE_SELECT _ 1 is the most significant bit. 
MODE_SELECT _2 should be held at a TIL logic zero 
(ground) for in-board operation of the Source device.* 

Mode O (00 on mode select bus) is device reset. In 
the reset mode, all internal registers are initialized, 

5 and all device outputs are forced inactive including 
the HIPPI Source-to-Destination INTERCONNECT 
[SDIC] output. The ability to control the phase of the 
25MHz clock (and the READ_CLOCK output) which 
is generated by dividing the 50_MHZ input by 2 is 
also provided by this mode. 

Mode 1 (01) is the board test mode. In this mode, 
the Source device provides a means to verify 
connection and operation of the interface between 
the Source Host and the Source device completely 
independent of the HIPPI channel. In this mode, the 
Source-to-Destination INTERCONNECT [SDIC] 
signal is forced inactive. When the Source Host 
initiates a Connection Request by asserting 
CONNECT_REQUEST, the Source device advances 
the FIFO to the first I-Field, reads the I-Field, and then 
simulates a Connect Accept on the HIPPI channel, 
asserting the CONNECT _OUT and ACCEPT/ REJECT 
signals to the Source Host. The Source Host will then 
provide 'test' data bursts to the Source device 
through the FIFO, as it would for a functional data 
transfer, and the Source device will pass the 'test' 
data through the LLRC and parity check functions. 
The data will also appear at the HIPPl-side data 
outputs, but since the Source device is not in the 
functional or wait Modes the Source-to
Destination INTERCONNECT signal is inactive. The 
only difference to the Source Host between a 
functional transfer and a 'test' transfer is that the first 
data word of each 'test' burst must be the expected 
LLRC of the previous 'test' burst. By providing the 
expected LLRC, the Source device can compare its 
generated LLRC with the Host's expected LLRC, 

'The active state of MODE_ SELECT _2 is used for manufacturing test of 
the Source device. 
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Figure 6. HIPP/ Destination Block Diagram 
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and thus verify the integrity of the DATA, PARITY, 
and DATA/FIFO CONTROL busses. This test routine 
continues until the Mode is changed or until a mis
compare is detected between the Host's expected 
LLRC and the device's generated LLRC. When a 
mis-compare is detected, the simulated connection 
is terminated and CONNECT _OUT is deactivated. 
Mode O (reset) clears the board test mode. 

Mode 2 (10) is the WAIT mode. This mode provides 
an interlock device between the Source Host and the 
HIPPI channel that requires the Source Host to 
acknowledge an inactive Destination-to-Source 
INTERCONNECT [DSIC] before an active DSIC 
signal is processed. In this mode the Source-to
Destination INTERCONNECT [SDIC] is active. The 
requirement upon the Source Host is that if 
DESTINATION_AVAILABLE is inactive and the 
Source Host is waiting for it to become active, the 
Source device must be put into Mode 2. Once 
DESTINATION_AVAILABLE is active, the Source 
device must be put into Mode 3 to initiate further 
operations. 

Mode 3 (11) is the operational mode. This mode 
activates the Source-to-Destination INTERCONNECT 
signal and enables the functional operation of all the 
Source device interfaces. 

NOTE: The only time OESTINATION_AVAILABLE will go from Inactive to 
active Is If Oestination-to-Source INTERCONNECT is active while the 
Source device Is brought from Mode O (reset) to Mode 3 (operational) or if 
the Source device Is In Mode 2 (wait). 
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52021 HIPPI DESTINATION DEVICE 

This chip meets the signalling protocol requirements 
for a HIPPl-Destination, i.e., it controls the reverse 
signals and receives the forward signals. 

The HIPPl-side consists of 40 differential ECL inputs 
(forward going signals), 2 differential ECL outputs 
(reverse signals), 1 single-ended ECL input (Source
to-Destination INTERCONNECT signal), and 1 
single-ended TTL output (Destination-to-Source 
INTERCONNECT signal). 

The Host side consists of 45 single-ended TTL 
outputs used for data, FIFO control and status, 9 
single-ended TTL inputs used for chip control, a 25 
MHz clock and a 50 MHz clock and 3 TTL 
Bidirectional 1/0. 

In addition to the signal translation and control 
handshake functions, the Destination device 
provides a four stage "elastic store" for the buffering 
of the data, parity, and control Information received 
from the HIPPI channel. This internal FIFO (not to be 
confused with the external multi-Burst size FIFO) 
together with a digital phase locked loop structure 
allow the HIPPI channel clocked information to be 
synchronized to the local (Host-side) 25 MHz clock. 
The use of the combined 50 MHz and 25 MHz clocks 
allow tracking of the synchronizer through more than 
1200 degrees of phase "slip" or error between 
received HIPPI clock and the local clock. In a 
normally operating HIPPI channel, the accumulated 
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Figure 7. SYNC/RESYNC Block Diagram 
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phase error is re-zeroed during the inter-burst/packet 
Wait period by resynchronization. Since multiple 
nodes could be in the channel between the 
originating Source and the final Destination, the 
inter-burst Wait states may have been "consumed" 
before the data is received. The large phase 
tolerance of the synch/resynch circuitry (shown in 
Figure 7) in the Destination device allows 48 
consecutive Bursts with missing Wait states to be 
received before synchronization is lost. A maximum 
rate transfer through a chain of 30 nodes, all with 
worst-case jitter, operating at progressively worse 
frequency margins, and all requiring a 'dropped' 
cycle at the same time would be required between 
the originating Source and the final Destination to 
produce 48 consecutive missing Wait cycles. 

ELECTRICAL REQUIREMENTS 

The resistors needed to complete the electrical 
requirements of the HIPPl-Destination interface are 
four 330 Ohm 2% resistors, one per pin of differential 
ECL outputs, and forty 11 O Ohm 2% resistors, one per 
pair of differential ECL inputs 

The two INTERCONNECT signals require external 
transmit and receive networks to reliably implement 
the signal swing required by the ANSI standard. For 
the Destination-to-Source INTERCONNECT (output 
signal), the required network is shown in Figure 10. 
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This network is only required if switching control of 
the INTERCONNECT signal by the Destination 
device is desired. The network may be omitted and a 
simple pull-down of the Destination-to-Source 
INTERCONNECT via a 220 Ohm resistor to Vee 
may be used as indicated in the ANSI standard. For 
the Source-to-Destination INTERCONNECT (input 
signal), the required network is shown in Figure 11. 

CONNECTION LATENCY 

The connection latency through the Destination 
device consists of two parts: 

1) the time between the arrival of the REQUEST 
signal on the HIPPI channel from the Source device, 
to the presentation by the Destination device of the 
I-field to the TTL data lines and assertion of 
CONNECT_REQUEST ranges from 4 to 5 clock 
cycles; 

2) the time between assertion of CONNECT _IN signal 
by the host (to accept the connection request), to the 
assertion of the CONNECT signal by the Destination 
device on the HIPPI channel is 2 clock cycles. 

The Destination device connection latency therefore 
ranges from 6 to 7 clock cycles. This does not include 
local host connection processing (the time it takes the 
host to decide whether or not to accept a particular 
connection request). 
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DATA LATENCY 

The data latency through the Destination device is 
defined as the time between detection of the BURST 
signal by the Destination device from the HIPPI, to 
the presentation of the data to the FIFO on the TTL 
data lines and the assertion of the DATA_VALID 
line. The data latency ranges from 2 to 6 clock 
cycles. There is no response by the Destination 
device on the HIPPI channel to data reception. 

CONNECT CONTROL 

Connection control is provided via the four signals in 
the "Connect Control" area on the Host-side of the 
Destination device. With this interface, the Host can 

, monitor when a Connect Request or Disconnect 
Request comes in from the HIPPI Source, and then 
initiate the appropriate action in response to the 
request. 

SOURCE_AVAILABLE (output) [SRCAV] 

High indicates an active Source-to-Destination 
INTERCONNECT signal while the Destination 
device is in the on-line mode. Low indicates an 
inactive Source-to-Destination INTERCONNECT 
signal or the Destination device commanded to the 
off-line or disabled mode. 

CONNECT_REQUEST (output) [CONRQ] 

This signal indicates the state of the REQUEST signal 
on the HIPPI channel. High indicates a Connect 
Request function from the HIPPI channel, resulting 
from an asserted REQUEST signal while the Desti
nation device is in a functional operating mode with 
Connect Requests enabled. Low indicates either a 
false REQUEST signal on the HIPPI channel, a 
disabled Connect Request at this device, or that the 
Destination device is in a non-functional mode. 

CONNECT _IN (Input) [CONIN] 

This signal controls the Connect Request and 
Response functions of the Destination device on the 
HIPPI channel. A low on this input will hold the 
CONNECT signal on the HIPPI channel inactive, and 
will enable the REQUEST signal from the HIPPI 
channel to control the CONNECT _REQUEST output 
of this Destination device. 

During a Connect Request, asserting this input 
initiates one of two responses to the Request; 
Accept or Reject the Request. The desired response 
is selected with the ACCEPT _REJECT input, 
described next. If a Connect Request is accepted, 
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holding this input high will maintain an asserted 
CONNECT signal on the HIPPI channel, while 
dropping this input will deassert the CONNECT 
signal (Disconnect Function). If a Connect Request 
is rejected, holding this input high will maintain a 
deasserted CONNECT signal on the HIPPI channel 
(after the four cycle reject sequence) and disable 
further Connect Requests, while dropping this input 
will also maintain a deasserted CONNECT signal but 
will enable further Connect Requests. 

ACCEPT_REJECT (Input) [ACCRJ] 

This input specifies the response to generate when 
CONNECT _IN is asserted during a Connect Request. 
A high on this input when CONNECT _IN is asserted 
will generate an Accept response, i.e., the CONNECT 
signal on the HIPPI channel will be asserted and will 
remain asserted until a Disconnect Function is initiated 
(CONNECT_IN is deasserted). A low on this input 
when CONNECT _IN is asserted will generate a Reject 
response, i.e., the CONNECT signal on the HIPPI 
channel will be asserted for four cycles then fall and 
remain deasserted until the response for the next 
Connect Request is initiated. The ACCEPT _REJECT 
signal needs to be valid only for the first cycle of the 
asserted CONNECT _IN input. 

Note: The host can have the Destination device 
automatically respond to connection requests by 
tying the CONNECT _REQUEST output to the 
CONNECT _IN input. In this case, the ACCEPT/ 
REJECT signal would be used as an "available/busy" 
signal. While ACCEPT/REJECT was held low all 
connection requests would be rejected. 

DATA/FIFO CONTROL 

This interface provides control to the Destination 
Host system over the flow of data transfers on the 
HIPPI channel, and provides control of data transfer 
from the Destination device into the Destination Host 
system. It is intended for this interface to attach to an 
external synchronous FIFO or DMA mechanism 
which, in turn, attaches to the Destination Host 
memory system. Recommended FIFO's capable of 
buffering 4 or more full Bursts are: 

IDT P/N 72225LB20 1 K x 18 bits 
IDT P/N 72235LB20 2K x 18 bits 
IDT P/N 72245LB20 4K x 18 bits 

The signals of this interface can be divided into three 
groups: Destination FLOW control, Destination FIFO 
control, and HIPPI data control. 
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DESTINATION FLOW CONTROL 

After a HIPPI connection is established, data transfer 
from the Source Host to the Destination Host is 
enabled by the presence of data from the Source Host 
and the current ability of the Destination Host to accept 
that data. Although this function is performed at the 
HIPPI Source, the HIPPI Destination signals its current 
buffer capacity to the Source via the READY signal on 
the HIPPI channel. 

The Destination FLOW control circuit consists of a set 
of modulo 64K counters that maintains the current 
Buffer capacity, the number of READYs sent to the 
HIPP! Source, and the number of Bursts received from 
the HIPPI Source. At initialization (Destination device 
reset) all of these counters are reset. When the 
Source-to-Destination INTERCONNECT [SDIC] signal 
is true and the Destination device is in a functional 
mode, the Destination Host may initialize the Buffer 
counter to the number of HIPPI Bursts that it can 
accept. When a Connect Request is accepted, the 
Destination device will automatically generate legal 
READY pulses and increment the READY counter for 
each pulse until the READY counter equals the Buffer 
counter. If the Buffer counter was not initialized before 
the Connect Request, then no READY pulses will be 
generated. If the Buffer counter is incremented after 
the Connection is made, then READY pulses will 
automatically be generated until the READY and Buffer 
counters are equal. The Buffer counter will be disabled 
when it equals Burst count -1, thereby putting a limit of 
64K on the number of pending READY pulses. 

If the Burst counter is not equal to the READY counter 
as a data Burst is received, then the Burst counter is 
incremented and the data is automatically transferred 
to the Destination Host. If the Burst counter is equal to 
the READY counter as a data Burst is received, then 
the data is not transferred to the Destination Host and 
an Overflow error is reported. 

When the HIPPI connection is terminated, one of two 
operations may be performed by the Destination Host: 
the Destination FLOW control counters may be reset 
(and initialized), or the current buffer capacity may be 
automatically saved for the next HIPPI connection. To 
reset and initialize, the Destination Host must maintain 
a set of buffer counters, or empty the buffers before the 
next connection. To automatically save the current 
buffer capacity, the Destination device will initialize the 
READY counter to the Burst counter: at the end of a 
HIPPI connection, the number of remaining available 
buffers at the Destination Host is the difference 
between the Burst counter and the Buffer counter. 
Therefore, initializing the READY counter to the 
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Burst counter contents will result in that same 
difference between the READY and Buffer counters. 
When a subsequent HIPPI connection is accepted, the 
Destination FLOW control circuit will automatically 
send the correct number (equal to the number of 
currently available buffers in the Destination Host) of 
READY pulses. 

The Destination FLOW control signals are: 

READY _IN (input) [RDYIN] 

This input controls the Destination FLOW control 
circuit's Buffer and READY counters. A rising edge on 
this input will increment the Buffer counter and, if a 
Connect Request has been accepted, generate a 
READY pulse on the HIPP! channel as well as 
increment the READY counter by one. This input can 
be driven by a free-running 12.5 MHz clock for 
maximum throughput on the HIPP! channel (repre-
senting infinite Host buffer capacity), or it can be • 
controlled by the Host memory system. If controlled by 
the Destination Host system, after initialization with one 
edge for each available buffer, the Host may generate 
one rising edge on this input after it processes and 
releases each used 256 word buffer. 

NOT _RESET _READY (input) [NARDY] 

This signal is an active low TTL input that erases the 
stored count of available Host system buffers by 
resetting the Buffer, Ready and Burst counters to 
their initial states. 

DESTINATION FIFO CONTROL 

When a data Burst is received over the HIPP! 
channel, the Destination FIFO Control provides the 
signals necessary to transfer the received data from 
the Destination device to the Destination Host FIFO 
system. In addition to transferring received data 
Bursts, the Destination device will also transfer the 
HIPPI I-Field, and the channel and device status 
words as specified in the FIFO Control Signal Table. 
To provide flexibility at this interface, the Destination 
device identifies each type of information presented 
to the Destination Host, so that each implementation 
may customize its use of the information. 

The Destination FIFO Control signals are: 

WRITE_CLOCK (output) [WRCLK] 

This signal is a buffered 25 MHz TTL clock 
synchronized to the internal local clock. It is intended 
for use with the VALID signal to transfer data to the 
write port of the FIFO and to serve as the timing 
reference for critical input and output control signals 
of the Host-side of the Destination device. 
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SELECT_O, 1, 2 (bi-directional) [SELBx] 

These signals are used in conjunction with the 
MODE_SELECT inputs during manufacturing testing to 
confirm the function of the internal counters and state 
machines. In the functional mode [Mode value 5 (101)] 
the value of the SELECT (SELECT _2 is MSB) bus 
indicates the type of data available on the DOUT _0,31 
signals. Select value O (000) indicates burst data on 
the outputs. Select value 1 (001) indicates I-Field data 
on the outputs. Select value 2 (01 O) indicates the LLRC 
word, and Select value 3 (011) indicates internal status 
data during inter-BURST wait states. When there is no 
connection on the HIPPI channel, the select value will 
sequence and repeat 5,6,7 (101, 110, 111) until 
connection is requested. Select value 4 is reserved to 
indicate sequence error status for advanced link 
diagnostics. For most applications these latter values 
can be ignored. 

DATA_ VALID (output) [DTVAL] 

This signal is intended to be used together with the 
SELECT _O, 1,2 outputs to gate the clocking of received 
data into the FIFO or register set selected by the select 
lines. All received data will be presented to the data 
outputs of the Destination device and will be 
accompanied by a DATA_ VALID signal. 

FIFO Control Signal Table 
SELB(2:0) HOST data DATA_ VALID 

HIPPI DATA CONTROL 

The data and control signals, received on the HIPPI 
channel, are resynchronized to the 25_MHz local 
clock, converted to TTL, and then presented to the 
data and control interface used by the host. 

The HIPPI data control signals are: 

BURST_OUT (output) [BROUT] 

This signal indicates the state of the BURST line on 
the HIPPI channel. High indicates an active BURST 
and is presented with each word of the received 
burst. Low indicates an inactive BURST and is 
presented when there is no received data. 

PACKET_OUT (output) [PKOUT] 

This signal indicates the state of the PACKET line on 
the HIPPI channel. High indicates an active PACKET 
and is presented as long as PACKET is active on the 
HIPPI channel. Low indicates an inactive PACKET 
and is presented as long as PACKET is inactive on 
the HIPPI channel. 

Note: The BURST_OUT and PACKET_OUT signals 
are provided to delimit the data into the FIFO the 
same way it is delimited on the HIPPI channel. 
These signals may not be needed by the Host. 

Comment 

000 HIPPI Burst 1 (high) for duration of data received Burst 

001 HIPPI I-Field 1 (high) for duration of HIPPI Connect Request 

010 HIPPI LLRC 1 (high) one word, after last word of each Burst 

1 (high) one word, beginning each Packet received on channel (accomp. start of PACKET _OUT) 

011 gen. op. status 1 (high) one word, end of each Burst, after LLRC* 

1 (high) one word, end of each Packet (accompanies deactivation of PACKET_OUT)* 

011 gen. op. status O(low) multiple words, while connection is estab. across channel, but channel has no data 

100 
SEQUENCE 

1 (high) 
one word, when a HIPP! sequence error is detected, or when an illegal signal sequence 

ERROR disrupts the devices's state machines 

101 idle/disab. status 1 (high) 
one word, in sequence with FLOW status words (below), continuously while channel is 
disconnected 

110 
FLOW status 

1 (high) 
one word, in sequence with FLOW status word 2 and idle/disab. status, continuously while 

word 1 channel is disconnected 

111 
FLOW status 

1 (high) 
one word, in sequence with FLOW status word 1 and idle/disab. status, continuously while 

word2 channel is disconnected 

'Only one general operational status word (Select code 011) will be presented If the BURST and PACKET terminations coincide, I.e., BURST deasserted, 
followed by PACKET deasserted. 
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DATA AND PARITY 

32_DATA_+_4_PARITY (outputs) [DTOxx, PAROx] 

These signals reflect what was received on the data 
and parity lines of the HIPPI channel, resynchronized 
to local clock. During a connection request 
(CONNECT_REQUEST going high and remaining 
high) the I-field is presented on these signals. The 
LLRC is also presented to this interface after the last 
word of each burst. 

Note: All parity errors are indicated but no recovery 
action is taken by the Destination device. If there is a 
parity error detected, then the data and bad parity 
are passed through the Destination device. 

RX_PARITY _ERROR (output) [RPERR] 

High indicates a detected parity error on a data word 
received over the HIPPI channel. This is valid for 
each word received; however, there may be a time 
skew between this indication and the presentation of 
data. See Figure 9 for details. The bad parity bit(s) is 
presented with its associated data word. 

During a connection request the data lines contain the 
I-field. RX_PARITY_ERROR indication presented to 
the host logic when a connection has not been 
established tells the host that an I- field parity error has 
been detected. The RX_PARITY _ERROR signal is 
valid for every clock that I-field is presented. Bad 
parity on the I-field will result in the chip raising 
RX_PARITY _ERROR until one of the following things 
happen: 

• The I-field changes (stabilizes) so that the 
parity is good 

• The host logic accepts or rejects the connection 
request based on I-field content and the state 
of RX_PARITY _ERROR 

• The HIPPI channel source drops REQUEST 
RX_LLRC_ERROR (output) [ALLER] 

This signal high means that an LLRC error was 
detected on a received burst. This signal is 
presented to the host along with the LLRC following 
the last word of the burst. 
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The Destination device counts the number of data 
words it receives from the HIPPI channel and uses 
this number as the "seed" for the LLRC it computes 
and checks against the received LLRC word. 

SVNC_ERROR (output) [SYNER] 

This signal high indicates the loss of synchronization 
with the HIPPI channel (overrun or underrun). 

CHIP STATUS/CONTROL 
MODE_SELECT_O, 1, and 2 (inputs) [MSELx] 

There are several operating modes in which the 
Destination device can be placed. Operational and 
diagnostic modes are controlled by the data placed 
on the MODE_SELECT bus. MODE_SELECT _2 is 
the MSB and MODE_SELECT _O is the LSB of this 
bus. Mode value O (000) is to be used as the master 
reset mode for all internal counters and state 
machines and should be used for power-up • 
initialization. Mode value 4 (100) is the board test or 
diagnostic mode. In this mode an internal "walking 
zero" pattern generator will exercise all Host-side 
TTL outputs and the parity error circuitry. The 
SELECT _O, 1, 2 outputs will count through all eight 
states allowing exercise of any external I-Field or 
status registers driven by the Destination device. 
Mode value 5 (101) is the normal functional mode for 
the Destination device. 

25_MHz (INPUT) [25MHZ] 

This signal provides the Destination device with a 
25MHz TIL clock (also called local clock) and is 
used to resynchronize the HIPPI channel clock and 
data. 

SO_MHz (INPun [SOMHZ] 

This signal provides the Destination device with a 50 
MHz TTL clock and is used for internal state 
machine control, and for resynchronization. The 
phase requirements between this clock and 25_MHz 
are shown in Figure 9. 
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S2020/S2021 HIPPI SOURCE/DESTINATION INTERFACE CIRCUITS 

Absolute Maximum Ratings 
ECL Supply Voltage Vee (Vee= O) -8.0VDC 

ECL Input Voltage (Vee = 0) GNDtoVEE 

ECL Output Source Current (continuous) -50mADC 

TTL Supply Voltage Vee (Vee = 0) 7.0V 

TTL Input Voltage (Vee = 0) 5.5V 

Operating Temperature 
0°cto1ooc 

Ambient 

Operating Junction Temperature TJ +1ao•c 

Storage Temperature -as• to + 1 so·c 

ECL 10K Input/Output DC 
Characteristics VEE= -5.2V1 

Recommended Operating Conditions 
PARAMETER MIN NOM MAX UNITS 

ambient 
O'C 25°C 75"C UNIT 

ECL Supply Voltage -4.94 -5.2 -5.46 v 
(Vee) 

VoHmax -770 -730 -eso rrN 

V1Hmax -720 -680 -600 rrN 

TTL Supply Voltage 
4.75 5.0 5.25 v (Vee) 

VoHmln -1000 -980 -920 rrN 

V1Hmln -1145 -1105 -1045 rrN 

TTL Output Current 
20 mA 

Low (loL) 

V1Lmax -1490 -1475 -1450 rrN 
Ambient Temperature 0 70 •c 

VoLmax -1625 -1620 -1585 rrN 
Junction Temperature <130 ·c 

VoLmln -1980 -1980 -1980 rrN 
S2020-lcc 65 91 mA 

-lee 421 589 mA 
V1Lmln -2000 -2000 -2000 rrN -PoeF 1530 mW 

hnHmax -0 31 31 µA S2021 -Ice 125 174 mA 

hnLmax -.s -.s -.5 µA -lee 307 429 mA 
-PoeF 90 mW 

TTL Input/Output DC Characteristics 

SYMBOL PARAMETER TEST CONDITIONS 
COMMERCIAL 0"/+70"C 

UNIT 
MIN TYP2 MAX 

V1H3 Input HIGH voHage Guaranteed input HIGH voltage for all Inputs 2.0 v 

V1L3 Input LOW voHage Guaranteed Input LOW voltage for all inputs 0.8 v 
V1K Input clamp diode voltage Vee= Min, hN = -18mA -.8 -1.2 v 
VoH Output HIGH voltage Vee =Min, IOH = -1mA 2.7 3.4 v 
VOL Output LOW voltage Vcc=Min LIOL=BmA 0.5 v 

jlo1=20mA 0.5 v 
hH Input HIGH current Vee =Max, V1N = 2.7V 110 µA 

h Input HIGH current at Max. Vee = Max, VIN = 5.25V 1 mA 

hL Input LOW current Vee = Max, VIN = 0.5V 110 µA 

los Output short circuit current Vee = Max, V1N = 0.5V -25 -100 mA 

1. Data measured with Vee= -5.2± .1V assuming a +SO"C rise between ambient (la) and junction temperature (TJ) loro•c, +25'C, and +70'C. Speclflcatlon 
will vary based upon TJ. These conditions wlll be met with an ambient 70"C airflow ol 200 LFM. 

2. Typical llmlts are at 25°C, VCC = 5.0V. 
3. These Input levels provide zero noise Immunity and should only be tested In a static, noise-free environment. 
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HIPPI SOURCE/DESTINATION INTERFACE CIRCUITS S2020/S2021 

225 PGA 

208 Thennally Enhanced Plastic (TEP) 

IM lR 

• 
B 
A 
Al 

M.. 
& 
D 
D 
E 
E 
l 

\IN 1 INOICA TOR 

0 

50 

~:-
208 

BASIC .50 
BASIC .25 
MAX 4.07 
:t.10 1.67 
:l:.10 1.67 
:l:.25 3.49 
:t.25 31.20 
:l:.10 28.00 
:t.25 31.20 
:t.10 28.00 
.i& .80 
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5-17 

• 



AMCC 
S2020/S2021 HIPPI SOURCE/DESTINATION INTERFACE CIRCUITS 

Figure B. s2020 Source Device Timing 

SO MHZ 

t--- 'Period ---! 
j<tMPW>iCIMPW~ 
I i I 

MODE SELECT (2:0) 

RDCLK 
""\ ___ _ 

Control lnputs1 

DATA PARITY INPUTS ~tsuo"*'Hop)j 
~ 

tsco~ 

, ____ r 1. Control Inputs: 
SHORT _BURST 
PACKET _AVAILABLE 
BURST _AVAILABLE 
DATA_AVAILABLE 
CONNECT_REQUEST 

2. Status &Control Outputs: 

Status & Control Outputs2 ~.....-----
CONNECT_ OUT 
ACCEPT _REJECT 
ERROR 
SOURCE_NOT _DEST NRDEN 

IFLD (SHBST = 1, PKTAV = 0 

INPUT_PARITY _ERROR 

DESTINATION_AVAILABLE 

DATA_REQUEST 

BURST_AVAIL. 
and DATAV= 1 

S2020 Source Timing Table 

lpERI00 3 

IMPW 3 

lsUMS 
lttMS 
tpoRC 

lsuc1 
lttc1 
lsuOP 
lttoP 
lsco 
INREN 4 

~PE 4 

loAo4 

loR0 4 

~FNRN4 

tRNRN 4 

leANRN4 

3. Guaranteed but not tested 
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tNREN ~ 

~ 
I 

I 
I< teANRN >I 

_/ 

Min 
nsec 

-
5.55 
7 
0 
5 
21 
0 
14 
0 
-
-
-
-
-
-
-
-

Typ 
nsec 

20 
-
-
-
11 

-
-
-
-
-
-
-
-
-
-
-
-

Max 
nsec 

-
-
-
-
17 

-
-
-
-
17 

14 
10 
17 

10 
19 
19 
17 

Notes 

Relative to 50MHz INPUT 

For Reference Only 

Relative to RDCLK Rising Edge 
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HIPPI SOURCE/DESTINATION INTERFACE CIRCUITS S2020/S2021 

Figure 9. 52021 Destination Device Timing 

50_MHZ 
(input) 

25_MHZ 
(input) 

MSEL (2:0) 

WRITE_ CLOCK 
(output) 

r-- !period --j 

32 DATA_+ _4 PARITY+ SELB 
(output) ~ tpco ~ 

Control Outputs 1 ======x= 
~ tpsAV ~ 

SOURCE_AVAILABLE, SYNC_ERROR 
______ >C 

~tpov~,.---
DATA_ VALID 

Control lnputs2 

READY_IN 
(input) 1---- IRDYPER !----.-

N RSTRDY 
~ 1' ~ ~ IHRRDY ~ 

~L....:...tsURRDY / 

52021 Destination Timing Table 
Min Typ Max 
nsec nsec nsec 

tPERIOD3 - 20 -
tMPw3 5.55 - -
tpwcF4 5 - 14 

tPWCR4 5 - 15 

tsu25 2 - -
tH25 2.5 - -
tpop4 - - 13 
tpco4 - - 13 

IPsAV4 - - 18 
tpi)v4 - - 16 

tsuc1 9 - -
tHCI 0 - -
tRDYPER3 40 - -
ISURRDY3 8 - -
tHRRDv3 8 - -
ts UM 5 - -
tHMS 5 - -

3. Guaranteed but not tested 
4. Assumes 5pf load for ECL and 15pf for TIL 

Applied Micro Circuits Corporation 
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1. Control Outputs: 
PARITY _ERROR 
LLRC_ERROR 
CONNECT _REQUEST 
PACKET_OUTLE 
BURST_OUT 

2. Control Inputs: 
CONNECT_ IN 
ACCEPT/REJECT 
READY_IN 

Notes 

Relative to 50MHz Falling Edge 

Relative to WRCLK Falling Edge 

Relative to WRCLK falling edge or RDYIN rising edge 
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S2020/S2021 HIPPI SOURCE/DESTINATION INTERFACE CIRCUITS 

SOURCE 
2 

NC ND27 

026 NC 

ND25 025 

ND24 024 

022 ND23 

ND21 021 

EGND 020 

ND19 019 

ND18 018 

017 ND17 

016 ND16 

015 014 

ND14 GTR0° 

ND13 012 

011 N011 

010 N010 

ND09 NC 

NC 006 

3 4 

028 029 

ND28 ND29 

NC 027 

ND26 +SV 

EGND +5V 

023 GND 

ND22 GND 

ND20 GND 

-5.2V -5.2V 

-5.2V -5.2V 

ND15 GND 

013 GND 

ND12 GND 

EGND +5V 

009 +5V 

NC ND06 

007 006 

ND07 ND06 

5 6 7 8 

ND31 NPO P1 P2 

030 EGND PO NP2 

EGND ND30 031 NP1 

+SV GND GND GND 

NC 

+5V GNO GND GND 

EGNO 005 ND04 N002 

NDOS 003 002 001 

004 ND03 EGND ND01 

9 10 11 12 13 14 15 16 17 18 

P3 TPWR TGND PAR02 DAT31 DAT28 DAT25 DAT22 DAT19 NC u 

NP3 TSTo• PAR03 PAROO DAT30 DAT27 DAT24 DAT21 NC DAT18 T 

-S.2V -5.2V PAR01 DAT29 DAT28 DAT23 DAT20 NC DAT16 DAT15 s 

-5.2V -5.2V GND GND GND +5V +5V DAT17 DAT13 DAT12 R 

+SV DAT14 DAT10 DAT09 p 

GND DAT11 DTREQ NRDEN N 

BOTTOM VIEW 
GND DATOO RDCLK DSTAV M 

GND INPRR CNOUT ACREJ L 

-5.2V -5.2V SDIC SRNDS K 

-5.2V -5.2V TGND SQERR J 

GND DAT04 DATO& DAT07 H 

GND DATOO DAT03 DATOS G 

GND SHBST DAT01 DAT02 F 

+SV MSEL2 BSTAV PKTAV E 

-5.2V ·5.2V GNO GND GND +5V +5V EGND CNREQ DATAV D 

-5.2V -5.2V NPKT TH01• VBB ROY CON NC MSELO MSEL1 c 

000 NCLK REQ PKT BRST EGND EGNO EGNO NC SOMHZ B 

NOOO CLK NREQ EGND NBRST THoo· DSIC NRDY NCON NC A 

*Indicates signal used for component testing-make no connection 

HIPPI INTERCONNECT PAIR 

DSIC = Destination to Source Interconnect 
SDIC = Source to Destination Interconnect 

EGND = TGND = GND = OV 

TPWR=+5V 
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AMCC 
HIPPI SOURCE/DESTINATION INTERFACE CIRCUITS S2020/S2021 

DESTINATION 
2 3 4 5 6 7 8 9 10 11 

NC CON NAEQ BAST CLK NP3 P2 P1 PO ACCAJ 031 

NADY NC THDI' NBA ST PKT CONIN P3 NP1 NPO ND31 N030 

TGND THDO' NC NCON REQ NPKT NCLK NP2 -5.2Y -5.2Y ND29 

SELB1 SELBO ADY +SY +SY GND GND GND -S.2Y -5.2Y GND 

2SMHZ SOMHZ TPWR +SY 

DTOOO DSIC SELB2 GND 

DT003 DT001 DTVAL GND BOTTOM VIEW 

DTOOS DT004 DT002 GND 

DT007 DT006 -5.2Y -5.2Y 

DT008 DT009 -S.2Y -S.2Y 

TPWR TGND DT011 GND 

DT010 DT012 DT01S GND 

DT013 DT014 DT018 GND 

DT016 DT017 DT021 +SY NC 

DT019 DT020 DT022 +SY +SY GND GND GND -5.2Y 

TPWR TGND NC DT02S DT028 TGND PAROO A PERR -5.2Y 

DT023 NC DT026 DT029 DT030 PAA01 PAR03 SACAY CONRQ 

NC DT024 DT027 TPWR DT031 PAR02 SYNER BAO UT WRCLK 

*Indicates signal used for component testing only 
- Connect SSEN to GROUND (OV) 

-5.2Y GND 

-5.2Y sso1· 

PK OUT TGND 

ALLER TPWR 

- Make no connection to other pins mark with asterisk (*) 

HIPP! INTERCONNECT PAIR 

DSIC = Destination to Source Interconnect 
SDIC = Source to Destination Interconnect 

EGND = TGND = GND = OV 

TPWR=+5V 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

12 13 14 15 16 17 18 

030 ND28 027 ND2S ND24 023 NC u 

029 028 ND26 D2S 024 NC NARDY T 

ND27 026 RDYIN ND23 NC 022 ND21 s 

GND GND +SY +SY ND22 ND20 020 R 

+SY 021 019 ND18 p 

GND ND19 MSEL2 ND17 N 

GND 018 017 016 M 

GND ND16 ND1S D1S L 

-S.2Y -5.2Y ND14 014 K 

-5.2Y -5.2Y ND13 MSEL1 J 

GND ND11 ND12 013 H 

GND N009 011 012 G 

GND 008 010 ND10 F 

+SY MSELO N008 009 E 

GND GND +SY +SY ND05 007 ND07 D 

000 ND01 sore 004 NC 006 ND06 c 

sso2· YBB 001 ND02 ND03 NC DOS B 

ssoo· SSEN' NDOO 002 003 N004 NC A 
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5-22 

PINNO. NAME 

1 GND 

2 GND 

3 DAT18 

4 DAT17 

5 DAT16 

6 DAT15 

7 DAT14 

8 DAT13 

9 DAT12 

10 DAT11 

11 DAT10 

12 DAT09 

13 DAT08 

14 -5.2V 

15 -5.2V 

16 GND 

17 GND 

18 DTREQ 

19 NRDEN 

20 RDCLK 

21 INPRR 

22 DSTAV 

23 CNOUT 

24 ACREJ 

25 SDIC 

26 SANDS 

27 GND 

28 GND 

29 +5V 

30 SOERR 

31 DATO? 

32 DAT06 

33 DAT05 

34 DAT04 

35 DAT03 

36 DAT02 

37 DAT01 

38 -5.2V 

39 -5.2V 

40 GND 

41 GND 

42 DATOO 

43 PKTAV 

44 BSTAV 

45 SHBST 

46 DATAV 

47 CNREQ 

48 MSEL2 

49 MSEL1 

50 MSELO 

51 50MHZ 

52 GND 

EGND = TGND = GND = OV; 
TPWR=+5V 

PINNO. NAME 

53 GND 

54 +5V 

55 NCON 

56 CON 

57 EGND 

58 NRDY 

59 ROY 

60 EGND 

61 DSIC 

62 VBB 

63 EGND 

64 -5.2V 

65 -5.2V 

66 GND 

67 GND 

68 BRST 

69 NBRST 

70 PKT 

71 NPKT 

72 EGND 

73 REQ 

74 NREQ 

75 NCLK 

76 CLK 

77 GND 

78 GND 

79 +5V 

80 NDOO 

81 000 

82 ND01 

83 001 

84 GND 

85 ND02 

86 002 

87 ND03 

88 003 

89 GND 

90 GND 

91 -5.2V 

92 -5.2V 

93 ND04 

94 004 

95 ND05 

96 005 

97 ND06 

98 006 

99 EGND 

100 ND07 

101 007 

102 ND08 

103 DOS 

104 +5V 

PINNO. NAME PINNO. NAME 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

GND 157 GND 

GND 158 +5V 

ND09 159 ND27 

009 160 027 

ND10 161 ND28 

010 162 028 

EGND 163 EGND 

ND11 164 ND29 

011 165 029 

ND12 166 ND30 

012 167 030 

ND13 168 ND31 

013 169 031 

-5.2V 170 -5.2V 

-5.2V 171 -5.2V 

GND 172 GND 

GND 173 GND 

ND14 174 NPO 

014 175 PO 

ND15 176 NP1 

015 177 P1 

ND16 178 NP2 

016 179 P2 

ND17 180 NP3 

017 181 P3 

GND 182 GND 

GND 183 GND 

+5V 184 +5V 

ND18 185 TSTO 

018 186 TGND 

ND19 187 PAR03 

019 188 PAR02 

EGND 189 PAR01 

ND20 190 PAROO 

020 191 DAT31 

ND21 192 DAT30 

021 193 GND 

-5.2V 194 GND 

-5.2V 195 -5.2V 

GND 196 -5.2V 

GND 197 DAT29 

ND22 198 DAT28 

022 199 DAT27 

ND23 200 DAT26 

023 201 DAT25 

ND24 202 DAT24 

024 203 DAT23 

ND25 204 DAT22 

025 205 DAT21 

ND26 206 DAT20 

026 207 DAT19 

GND 208 +5V 

Applied Micro Circuits Corporation 
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PINNO. NAME 

1 NARDY 

2 ND22 

3 022 

4 ND21 

5 021 

6 ND20 

7 020 

8 ND19 

9 019 

10 ND18 

11 018 

12 -5.2V 

13 -5.2V 

14 GND 

15 GND 

16 MSEL2 

17 ND17 

18 017 

19 ND16 

20 016 

21 N015 

22 015 

23 ND14 

24 014 

25 GND 

26 GND 

27 +5V 

28 MSEL1 

29 ND13 

30 D13 

31 ND12 

32 D12 

33 ND11 

34 D11 

35 ND10 

36 D10 

37 -5.2V 

38 -5.2V 

39 GND 

40 GND 

41 ND09 

42 D09 

43 N008 

44 D08 

45 ND07 

46 007 

47 MSELO 

48 ND06 

49 D06 

50 ND05 

51 005 

52 GND 

EGND = TGND = GND = OV; 
TPWR=+5V 

Applied Micro Circuits Corporation 

PINNO. NAME 

53 GNO 

54 +5V 

55 N004 

56 004 

57 ND03 

58 003 

59 SOIC 

60 ND02 

61 002 

62 N001 

63 001 

64 NOOO 

65 000 

66 -5.2V 

67 -5.2V 

68 GNO 

69 GND 

70 VBB 

71 SSEN 

72 SS02 

73 SS01 

74 ssoo 
75 PKO UT 

76 ALLER 

77 GND 

78 GND 

79 +5V 

80 WRCLK 

81 CONRQ 

82 BAO UT 

83 SRCAV 

84 SYNER 

85 A PERR 

86 PAA03 

87 PAR02 

88 PAR01 

89 GND 

90 GND 

91 -5.2V 

92 -5.2V 

93 PARCO 

94 DT031 

95 DT030 

96 TGND 

97 DT029 

98 DT028 

99 OT027 

100 DT026 

101 DT025 

102 OT024 

103 +5V 

104 GND 

6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

PINNO. NAME PINNO. NAME 

105 GNO 157 NCON 

106 OT023 158 NREQ 

107 OT022 159 REQ 

108 DT021 160 NBA ST 

109 OT020 161 BAST 

110 DT019 162 NPKT 

111 DT018 163 PKT 

112 DT017 164 CLK 

113 DT016 165 NCLK 

114 DT015 166 -5.2V 

115 -5.2V 167 -5.2V 

116 -5.2V 168 GND 

117 GNO 169 GND 

118 GNO 170 CONIN 

119 OT014 171 NP3 

120 OT013 172 P3 

121 OT012 173 NP2 

122 DT011 174 P2 

123 DT010 175 NP1 

124 TGND 176 P1 

125 OT009 177 NPO 

126 DT008 178 PO 

127 GND 179 GND 

128 GND 180 GND 

129 +5V 181 +5V 

130 OT007 182 ACCRJ 

131 OT006 183 ND31 

132 DT005 184 D31 

133 DT004 185 ND30 

134 DT003 186 D30 

135 DT002 187 ND29 

136 OT001 188 029 

137 DTOOO 189 ND28 

138 DSIC 190 028 

139 -5.2V 191 GNO 

140 -5.2V 192 GND 

141 GND 193 -5.2V 

142 GND 194 -5.2V 

143 DTVAL 195 ND27 

144 25MHZ 196 D27 

145 50MHZ 197 ND26 

146 SELB2 198 026 

147 SELB1 199 ND25 

148 SELBO 200 D25 

149 TPWR 201 ROYIN 

150 TGND 202 ND24 

151 ADY 203 D24 

152 NADY 204 ND23 

153 GND 205 D23 

154 GND 206 +5V 

155 +5V 207 GND 

156 CON 208 GND 

5-23 

• 



AMCC 
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Figure 10. Interconnect (output) Network 

From Interconnect Output 

(K-17, SDIC OF 52020 >--------...... ....----- To HIPPI Cable 
Interconnect Signal N-2 DSIC OF 52021 

+5V 
vcc 
10K 
5% 

2.2K 
5% 

GND 

2N3905 
PNPor 

Equivalent 

2.2K 
5% 

VEE-5.2V 

220 Ohm 
2% 

N-CHANNEL MOSFET 
W/RON< 50hm 
VGS=5Ve.g. 
VN0300L, MFE990 

Figure 11. Interconnect (input) Network 

5-24 

Silicon 
Junction Diodes• 

10005% 
From HIPPI Cable >---...----'VV\,.....__....,.. __ ....,.. __ ....---i~ To Interconnect Input 
Interconnect Signal (A-15, DSIC of S2020 

*IN914 or IN4148 

GRADE 

S-Commercial 

2200 
5% 

C-14, SDIC of S2021) 

GND 

.01µFdJ 
GND 

330to 
5000 

-----<..VBB 

VEE-5.2 

ORDERING INFORMATION 

FUNCTION 

2020 - Hippi Source 
2021 - Hippi Destination 
2022 - Hippi Evaluation Kit 

(contains 2 source and 2 
destination parts) 

(C-13 of S2020 
B-13 of S2021) 

PACKAGE 

A=225 PGA 
8=208 TEP 
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APPLICATION NOTE AMcc· 
S2020/S2021 SOURCE DEVICE STATE MACHINES HIPPI 

S2020 HIPPI SOURCE CONNECT CONTROL 

The S2020 Source Device meets the signalling protocol 
for the Hippi-Source as determined by ANSI X3.183-
1991 HiPPl-PH Mechanical Electrical and Signalling 
Protocol Specification. As the Source, the S2020 func
tions as the initiator and controller of all data transfers 
on the Hippi channel. 

The RESET Command (Mode 0) initializes all internal 
state machines in the S2020 and clears all data and 
parity bit registers to zero. The only function that is not 
cleared or held at an initialized state is the clock control 
which generates the internal 25 MHz and the external 
RDCLK signal. The RESET Command provides phase 
control of the internal and external clocks. 

If the RESET Command is placed on the MODE(2:0) 
inputs while the RDCLK output is in the logic high state, 
there will be no change in the continuous 25 MHz signal 
observed at the RDCLK output. If, however, the RESET 
Command is placed on the MODE(2:0) inputs while the 
RDCLK output is in the logic low state, the RDCLK 
output will go high after the next rising edge of the 50 
MHz input, remain high for two cycles of the 50 MHz 
input and then produce a rising edge on the third 50 
MHz falling edge applied to the S2020. From that point 
until the next application of the RESET Command the 
RDCLK (and the internal clocks) will be a continuous 25 
MHz signal synchronized to the 50MHZ input rising 
edge. 

This "phase slip on low" function can be used to unam
biguously set the phase relation between the 50 MHz 
input and the RDCLK output. Since most of the Host 
interface control inputs are required to be synchronous 
with the 25 Mhz RDCLK output, this phase slip control 
gives the user the capability of aligning the S2020's 
timing to the 50 MHz and 25 MHz used in the external 
Host circuitry. 

It should be noted that while the RESET Command 
clears the Parity Error bit (INPRR output), the internal 
data and parity registers have also been cleared. This 
"zero data/zero parity'' condition is a Parity Error with 
respect to the HIPPI odd byte parity convention. If a 
parity correct word is present at the inputs of the S2020 
at the time the RESET state is exited, there will be a 
two clock period parity error bit on the INPRR output. If 
the attached FIFO has also been cleared during the 
RESET Command, the INPRR bit will remain high until 
three clocks after the first read cycle of the FIFO. 

While there are some differences in FIFO or "FIFO 
equivalenf' memory structures that have been success
fully used with the S2020, the available or announced 
synchronous clocked FIFOs from IDT, Cypress and 

Applied Micro Circuits Corporation 
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Sharp all share this feature. Even if the external data 
source memory had "correcr parity available at the in
puts of the S2020, the two clock period parity error 
would be observed. 

The first function that must be performed after the 
power-up initialization of the 52020 (RESET Mode O) is 
to determine the status of the Destination to Source 
Interconnect [DSIC] signal. That signal, generated by 
the remote HIPPI Destination, is an input signal from 
the HIPPI Channel to the S2020 and must be in the 
logic low (active) state for any control or data transfer 
functions to be valid on the HIPPI Channel. 

The filtered and inverted state of the DSIC input is avail
able at the Destination Available [DSTAV] output. Since 
the S2020 has the capability of switching its own 
Source to Destination output signal to the inactive state 5 during Reset and Board Test modes, the Device must 
be placed In the Wait for Destination mode (Mode 2) 
immediately after RESET to allow the filter to recognize 
either the static low (active) DSIC input or the high to 
low transition of the DSIC input. 

If the S2020 is placed directly from the RESET Mode 
into the Operational Mode (Mode 3), the DSTAV output 
will not correctly respond to the DSIC input state, even 
if the DSIC input is already in the active low condition 
when the RESET to Operational mode change is made. 
The Wait for Destination mode avoids possible control 
ambiguities in systems where both Source and Destina
tion have active control of their respective Interconnect 
signals. 

With the S2020 in the Wait for Destination mode (Mode 
2), the observation of an active high state on the 
DSTAV output indicates that the internal reset and ini
tialization cycle of the entire HIPPI Channel (both 
Source and Destination) is complete. The S2020 may 
now be legally placed in the Operational mode, and the 
internal Connect State Machine of the S2020 will be 
placed in the {IDLE} state. 

If there is any interruption of the DSIC input greater 
than the filter integration time (four clock cycles), the 
Connect State Machine will be forced to the 
{LOSTDEST} state. This will immediately stop any cur
rent data transfer, and cause the REQUEST, PACKET 
and BURST signals on the HIPPI Channel to go to the 
inactive state. The DST AV signal will go low to indicate 
this condition to the Source Host System. The only re
covery from this condition is the RESET and WAIT se
quence described above. It is the responsibility of the 
Source Host System to exercise a reasonable "time
out" if the remote Destination does not generate a 
stable active low state on the DSIC signal. 

5-25 



AMCC 
HIPPI S2020/S2021 SOURCE DEVICE STATE MACHINES 

Once the DST AV signal is observed at an active high 
state and the Operational Mode (Mode 3) is com
manded, the S2020 is ready to initiate a Connection 
Request sequence. The design of the S2020 is opti
mized to use the external synchronous FIFO as the 
source of the I-Field Word as well as the PKTAV and 
SHBST signals used to flag the I-Field Word. If the 1-
Field and/or the two control signals are not placed in the 
FIFO, care must be taken that their timing is controlled 
to meet the specification of the Data Sheet. Failure to 
honor that timing will cause erroneous and unpredict
able operation of the FIFO with resultant data loss. 

The S2020 acts as a continuously running, two register 
deep pipeline. In the HIPPI application, the only point at 
which a data word is held static for multiple clock cycles 
is the output register of the FIFO. The NREN output of 
the S2020 is applied to the Not Read Enable input of 
the FIFO to control this register. 

It should be also noted that for the recommended FIFO 
and most equivalents, the operation of writing into the 
FIFO from the Host System does not directly write any 
data into the FIFO's output register. The data in the 
output register is indeterminate (it may be zero if the 
entire system including the FIFO was initialized, other
wise it is usually the last transmitted data word.) 

Placing the I-Field and the two signals defining the 1-
Field in the FIFO eliminates any ambiguity as to the 
previous contents or state of the FIFO. If the FIFO has 
been filled with data, and the Not Empty output of the 
FIFO is connected to the DATAV input of the S2020, 
then a high signal on the CNREQ input and the high 
signal already at the DATAV input will cause an active 
low on the NREN output. The NREN signal will remain 
low for at least one cycle of the 25 MHz RDCLK until 
the 01 condition is observed on the PKTAVand SHBST 
inputs respectively. 

The detection of the 01 condition will asynchronously 
raise the NREN signal to the inactive state, locking the 
current data word (assumed by its PKTAV/SHBST label 
to be the I-Field) in the output register of the FIFO. Two 
clock cycles later, this data is available at the HIPPI 
Channel outputs and the REQUEST signal is asserted 
on the HIPPI Channel. 

The REQUEST signal will remain active on the HIPPI 
Channel until the CNREQ input is returned to the logic 
low state. The S2020 will make no more read requests 
of the FIFO until the Destination has responded with a 
Connect Accept or a Connect Reject. This status is 
indicated by the CNOUT and ACREJ signals. If both of 
these outputs are at logic high, the Connection has 
been accepted and recognized at both Source and 
Destination. 
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The S2020 distinguishes between Connect Accept and 
Connect Reject conditions in accordance with the 
HIPPI Specification. If the CONNECT signal from the 
HIPPI Channel is detected for less than four clock 
cycles (160 nsec) it is ignored and the S2020 remains 
in the {REQ} state. 

If the CONNECT signal is detected for more than three 
and less than twenty clock cycles with no activity de
tected on the READY signal, The Destination is judged 
to have issued an active Connect Rejection. In that 
case the S2020 will place a logic high on the CNOUT 
output and a logic low on the ACREJ output. This con
dition will persist until the Host returns the CNREQ 
signal to the low state or the Host executes the Mode O 
Reset sequence. 

The READY signal is also monitored to determine the 
Connect Accept or Connect Reject status. If the 
READY signal is detected two or more clock cycles 
after the detection of CONNECT signal, the Connec
tion is considered as accepted and the 11 pattern is 
posted to the CNOUT and ACREJ outputs. If the Desti
nation drops the CONNECT signal at this point while 
the CONREQ input remains high, the {DESTERR} 
state is entered. 

If a READY signal is detected during the Connect Re
quest cycle or later at any time while in the {CON
NECTED} state, the Ready counter in the S2020 will 
be incremented by one. This counter and a similar 
Burst counter (incremented at the last word of every 
Burst) are compared to generate, when not equal, the 
external DTREQ signal. This inequality is also used 
internally by the S2020 to automatically control the flow 
of Bursts in response to received READYs. Both 
counters are cleared to zero at Reset Mode or at the 
termination of the current {CONNECTED} state. 

If the I-Field is to be sourced from a r~ister separate 
from the FIFO, the NREN signal must be blocked to 
avoid erroneously advancing the FIFO. 

Care must also be taken to control the FIFO in order to 
recognize the beginning of the Burst data if the PKT AV 
and SHBST are not used to delimit the data. 

Once the Connection is established, the S2020 waits 
in the {IDLE} state until both BSTAV and DATAV input 
signals are asserted before starting any further data 
transfers. The BST AV is used to initiate the search of 
the FIFO for the first word of the Burst and Packet. It 
should be noted that the BSTAV signal must be set 
high before the S2020 can attempt to read in the 
PKTAV signal. 
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Figure 0. S2020 50 MHz/ RDCLK RESYNCH at MODE= 0 RESET (Corrected Version) 

MSEL 2:0 VO 

V7 

ax 

50MHZ 25MHZ (lntemaQ .,. 

@ 

MSEL=X MSEL(2:0) = 000 

50MHZ 

0 
·~-------+---#-----.. 

MSEL .. o 

• • • 

@ 
-------~- ~---------

@ ___________ ,' '----...~'---.Ii.ft.--' 
___________ / ,.,. _____ / 25MH_z_<_1n1_er_na_1> ____ / 

'----~----,--_-__ -__ -__ -__ -_-_,,-. -----~, ...... __ '~~~--~/===r-__ 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 5-27 

• 



AMCC 
HIPPI S2020/S2021 SOURCE DEVICE STATE MACHINES 

The S2020 sets the PACKET signal on the HIPPI Chan
nel prior to setting the BURST signal as required by the 
HIPPI Standard. If the external DTREQ signal is low 
(Burst and Ready counters are equaQ, there are no "un
answered'' READYs. In this case the S2020 will pause in 
the {PENDBST} state until a READY signal is detected 
and the Ready counter is incremented. 

This function allows the Destination to ''meter'' the trans
mission of HIPPI Bursts on a one-by-one basis. A logic 
high on the DTREQ signal indicates that the S2020 is 
allowed to proceed, setting the BURST signal active 
and reading the next word of the Burst from the FIFO. 

While this process when started proceeds automati· 
cally, the Host system can observe its progress via the 
DTREQ output. 

The BSTAV should not be placed in the FIFO as a 
data bit, since it is used along with the DATAV signal 
to start and stop transmission gracefully at even Burst 
boundaries. 

In all cases the BSTAV must be synchronized with the 
25 MHz RDCLK for reliable operation of the S2020. The 
rising edge of BSTAV asynchronously controls the lead
ing edge of the low active NREN signal. 

Once the Connection is established and the first Packet 
and Burst are started, the S2020 Source Device will 
generate properly formatted Bursts with the appropriate 
LLRC word and inter-burst idle cycles as long as the 
FIFO has data and the PKTAV and BSTAV signals 
remain high. The BSTAV signal is used to pause at the 
even 256 word Burst boundaries while the Host System 
"refills" the FIFO. 

The BSTAV signal must be set for at least the first word 
of the Burst. Once started the Burst will continue until 
256 words are transmitted unless the SHBST signal is 
set active, the PKTAV signal is set inactive, or the 
DATAV signal is set low inactive. The word being read 
from the FIFO at the time that any one of these three 
events occurs becomes the last word of the Burst. The 
last word is transmitted, followed immediately by the 
LLRC for that Burst, and the S2020 pauses and waits 
for both the DAT AV and BSTAV to be true (active high). 

If the Burst was terminated due to an inactive PKTAV, 
the S2020 will wait for DAT AV and BSTAV in the internal 
inter-packet {IDLE} state. Inter Burst pauses within a 
Packet cause the S2020 to wait in the {LLRC} state. 

Each time a Burst reaches the last word condition, the 
Burst Counter·is incremented and the previous value of 
the Burst Counter is saved in an internal Last Burst 
Register. In addition to the comparison between the 
Ready Counter and the Burst Counter used to control 
the FLOWON and DTREQ signals, a second compari-
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son between the Ready Counter and the Last Burst 
Register is used to prevent the Ready Counter from 
being incremented to a value greater than the old Burst 
Count Thus the Ready Counter is prevented from 
"wrapping around" after receiving more than 65,535 un
answered READY signals from the Destination. 

The 65,536th and subsequent READY signals will be 
disregarded until at least one more Burst is completed, 
the Burst Counter incremented, the Last Burst Register 
updated, and the comparator conditions re-enable the 
incrementing of the Ready Counter. 

If the Host decides to terminate the Packet while in the 
inter-Burst state, a single word must be loaded in the 
FIFO with the accompanying PKTAV bit set to 0. While 
the data at the inputs of the S2020 will appear at the 
HIPPI Channel outputs, the inactive BURST signal will 
cause the Destination to ignore that data. The low 
PKTAV read from the FIFO will again vector the S2020 
to the inter-packet {IDLE} state. 

· After the last Packet of the transmission is completed, 
the Source Host may terminate the connection by plac
ing a logic low on the CNREQ Input The S2020 will 
deassert the REQUEST signal on the HIPPI Channel, 
enter the {TERMCON} state and remain there until the 
Destination deasserts the CONNECT signal. At that point 
the {IDLE} state will be re-entered. 

As an alternative, the Host may issue a Mode O Reset 
command to terminate the Connection. The REQUEST 
signal will similarly be deasserted and the {INIT} state 
will be entered until the Destination deasserts CON
NECT and the Host System deasserts CNREQ. It is 
recommended that the first method be used for graceful 
termination since the path through the {TERMCON} 
state allows the Host to monitor the CONNECT signal 
status via the CNOUT output. 

The HIPPI Source device connect control State Ma
chine (SM) controls the Connection state of the HIPPI 
channel to which it is attached. The Connect Control 
SM has inputs from the Source Host and form the 
HIPPI channel (remote Destination). Based on the cur
rent set of inputs and the last state of this circuit, the 
next Connect state is entered and a related set of out
puts is generated to the Source Host and to the HIPPI 
channel (remote Destination). 

For this discussion all external device signal names 
shall be CAPITALIZED and underlined, the SM input 
'alphabet' or decode names shall be in double quotes 
(j, and all internal state names shall be enclosed in 
curly brackets'{}'. 
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CONNECT SM EXTERNAL INPUTS 

MSEL2-0 Mode SELect lines 2-0 from the Source 
Host. Although there are eight possible modes for 
the Source device selected by these signals, only 
modes 0 (RESET), 2 (WAIT), and 3 (OPERA
TIONAL) are part of this discussion. 

CNREQ CoNnect REQuest signal from the Source 
Host. A '1' on this signal indicates the Source 
Host's request to either initiate a connection or 
maintain the current connection on the HIPPI chan
nel. 

A 'O' on this signal indicates the Source Host's re
quest to eithe~ terminate the current connection or 
maintain a disconnected state on the HIPPI chan
nel. 

DSIC Destination to Source lnterConnect signal from 
the HIPPI channel. A 'O' on this signal indicates the 
presence of a functioning Destination on the HIPPI 
channel. A '1' on this signal indicates the absence 
of a functioning Destination on the HIPPI channel. 

CON CONnect signal from the HIPPI channel. The 
functions of this signal are defined in the HIPPl-PH 
spec. 

ROY ReaDY signal from the HIPPI channel. The func
tions of this signal are defined in the HIPPl-PH 
spec. 

NOTE: The input signals from the HIPPI channel go 
through a digital 'filter' in the Source device. This filter 
circuit resolves metastability (of the asynchronous sig
nals) and filters out any signal state changes which are 
less than two cycles in duration. 

CONNECT SM INTERNAL STATES 

The defined states and brief descriptions of each state 
follow. 

{INIT} The INITialization state is the state from which 
the rest of the functional connect states are en
tered. The main entrance to this state is when the 
inputs specify "RST', i.e., modes 0 or 2 with DSIC = 
O (active). The "RST' input indicates that the HIPPI 
Destination is present and that the Source Host is 
holding this device in a RESET or WAIT mode. It is 
intended that the Source Host enter the OPERA
TIONAL mode (3) when DSIC becomes active and 
when the Source Host is ready to enter the opera
tional* states of this CONNECT SM (for HIPPI con
nections). 

{IDLE} The IDLE state: This is the first operational state 
entered from {INIT} (above). The main entrance to 
this state is when this circuit is in the {INIT} state 
and the inputs specify "I". While in this state, both 
Source and Destination are ready and waiting for a 
connection to be established. 

{REQ} The REQuest state is entered from the {IDLE} 
state when the Source Host initiates a HIPPI con
nection by asserting CNREQ. This state is exited 
when the Source Host drops CNREO (abort) or 
when CON goes active, indicating a Destination re
sponse to the connect request. 

{CON1} The CONnect1 state is entered from the 
{REQ} state for one cycle when @N first goes 
active, indicating a Destination response to the con
nect request. From this state, the request may be 
aborted, or the response will continue to be pro
cessed. 

{CONn, 1<n<16} These 14 states differentiate be
tween a CONNECT ACCEPT and a CONNECT 
REJECT response from the Destination. Being in 
one of these states implies that CON has been 
active (from the Destination) for 2 to 15 consecutive 
cycles. Receiving "CR" (inactive CON) in one of 
these states is a CONNECT REJECT. Receiving a 
"ROY" in one of these states indicates a CONNECT 
ACCEPT. Receiving "DR" in one of these states 
indicates that the Source Host wishes to abort the 
request. 

{CON16} CONnect 16 state is entered for one cycle 
when the sixteenth consecutive cycle of an active 
CON from the Destination is received. Receiving 
"C" or "ROY" in this state constitutes a CONNECT 
ACCEPT. Receiving a "CR" in this state indicates a 
CONNECT REJECT response from the Destina
tion. NOTE: The 'filter' circuit that the CON signal 
goes through effectively truncates the end of an 
active CONNECT signal, thereby allowing this state 
machine to wait 16 cycles (rather than 17) to deter
mine if the Destination response is ACCEPT or RE
JECT. Receiving "DR" in this state indicates that 
the Source Host wishes to abort the connect 
requets operation. 

{CONNECTED} CONNECTED state is entered when a 
valid connection is established across the HIPPI 
channel between the Source and Destination. Re
ceiving a "CR" in this state indicates an illegal termi
nation, initiated by the Destination. Receiving a 
"DR" in this state results in a connection termina
tion, initiated by the Source Host. 

* The operational states of this CONNECT SM are all but {INIT}, {LOSTDEST}, and {NODEST}. 
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Figure 1. 82020 Connect SM Input Decode Alphabet 
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{ILL TERM} Illegal TERMination state is entered 
when "CR" is received while in the {CONNECTED} 
state (i.e., the Destination drops CONNECT while a 
valid HIPPI connection exists). This state is exited 
when the Source Host drops CNREQ. 

{TERMCON} TERMinate CONnection state is entered 
when "DR" is received while in the {CONNECTED} 
state (i.e., the Source Host drops CNREQ while a 
valid HIPPI connection exists). This circuit remains 
in this state until the Destination drops CONNECT. 

{ABORT} The ABORT state is entered when "I" or 
"DR" are received while a connection is being re
quested (Source Host drops CNREQ before the 
HIPPI connection is established). This state is ex
ited when the Destination drops CONNECT (if it 
was active). 

{REJECT} The REJECT state is entered when the 
Destination's response to a connect request results 
in more than two (2) but less than 17 consecutive 
cycles of "C" (active CON). This state is exited 
when the Source Host drops CNREQ. 

{LOSTDEST} The LOST DESTination state is non
operational, and is entered when the HIPPI Inter
connect Destination-to-Source signal goes inactive 
during any of the operational states. This circuit 
remains in this state until the Source Host system 
forces a RESET or a WAIT mode (MSEL2-0 in
puts). 

{NODEST} The NO DESTination state is non-opera
tional, and is entered anytime there is no Destina
tion-to-Source Interconnect signal while the Source 
Host is forcing a RESET or WAIT mode via the 
MSEL2·0 inputs. This state is exited only by "RST' 
(the HIPPI Interconnect Destination-to-Source sig
nal going active while still in the RESET or WAIT 
mode). 

{SRCERR} The SouRCe ERRor state is entered when 
CNREQ goes active illegally. This is possible dur
ing the {ABORT} and {TERMCON} states, where 
this circuit is waiting for the channel to go idle after 
a Source initiated termination. While in this state, 
the Source device will report the error by asserting 
the SQERR output. The SeQuence ERRor will be 
further identified as a SouRCe ERRor by setting 
SANDS to a '1'. 
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{DSTERR} The DeSTination ERRor state is entered 
when CON or ROY go active illegally; ROY should 
not be active during the {REQ} or {CON1} states, 
and neither CON or ROY should be active during 
the {ILL TERM} state. While in the {DSTERR} state, 
the Source device will report the error by asserting 
the SQERR output. The SeQuence ERRor will be 
further identified as a DeSTination ERRor by clear
ing SANDS to a 'O'. 

CONNECT SM EXTERNAL OUTPUTS 

In addition showing the state transitions resulting from 
external inputs to the Source chip, Figure 2 also shows 
the external output signals for each defined state. 

DSTAV DeSTination AVailable signal to the Source 
Host. A '1' on this signal indicates the presence of 
a functioning Destination on the HIPPI channel. A 
'O' on this signal indicates the absence of a func
tioning Destination on the HIPPI channel. 

CNOUT CoNnect OUT signal to the Source Host. This 
signal, along with the ACREJ signal (below), indi
cates the current connection state on the HIPPI 
Channel. During a Connect Request, a '1' on this 
signal indicates the receipt of a valid response to 
the Source (from the Destination) for the Connect 
Request. A 'O' on this signal, during a Connect Re
quest, indicates no response (yet) from the Desti
nation. 

After a connection is accepted, this signal shall be 
the same state as CONNECT on the HIPPI chan
nel, and therefore will indicate to the Source Host 
an illegal termination (termination initiated by the 
Destination), or the acknowledgment by the Desti
nation of a normal termination. 

ACREJ ACcept/REJect signal to the Source Host. This 
signal, along with the CNOUT signal (above), indi
cates the Destination's response to the Source's 
Connect Request. A '1' on this signal when CNOUT 
goes active during a Connect Request indicates an 
ACCEPTed connection. A 'O' on this signal when 
CNOUT goes active during a Connect Request in
dicates a REJECTed connection. 

2.0 S2020 HIPPI DATA/FIFO CONTROL 

The HIPPI Source device Host Data/FIFO State Ma
chine (SM) is part of the Host Data/FIFO Control Block. 
The State Machine controls the flow of data and status 
from the Source Host FIFO to the S2020 Source de
vice. The Data/FIFO SM also controls the generation of 
the HIPPI channel control signals to properly delimit the 
data and respond to the data transfer commands of the 
Source Host system. 
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The Host Data/FIFO SM has inputs from the Source 
Host system, the Connect Control State Machine and 
the internal Flow control circuit. Based on the current 
set of inputs and the last state of this state machine, the 
next Data/FIFO state is entered and a related set of 
outputs is generated to the Source Host and to the 
HIPPI channel. 

As before, all external device signal names shall be 
CAPITALIZED and underlined, the SM input 'alphabet' 
or decode names shall be in double quotes ("), and all 
internal state names shall be enclosed in curly brackets 
'{}'. Signals internal to the Source device other than 
previously defined state names shall be in caret brack
ets'<>'. 

HOST DATA/FIFO SM INPUTS 

External Inputs 

PKTAV_PacKeT AVailable signal from the Source 
Host: Indicates the current delimiting of data across 
the HIPPI channel. A '1' on this signal indicates the 
Source Host's request to either initiate a Packet or 
maintain the current Packet on the HIPPI channel. 
A 'O' on this signal indicates the Source Host's re
quest to terminate the current Packet. 

BSTAV BurST AVailable signal from the Source Host: 
Indicates the availability of other controls and data 
from the Source Host system. A '1' on this signal 
will enable the Source device to initiate a new read 
sequence from the Source Host FIFO. A 'O' will 
disable the initiation of any new read sequences. 
This signal must not go active until at least one 
valid HIPPI Burst is available from the Source Host. 
If this signal goes inactive after a Burst read se
quence has begun, the current burst will be com
pletely read, but subsequent read operations will be 
disabled. 

SHBST SHort BurST signal from the Source Host: 
Indicates the end of a HIPPI data Burst with a 
length shorter than 256 words. A '1' on this signal 
during an active Packet will terminate the current 
burst with the current word being the last word of 
the burst, and will initiate the completion and sub
sequent transmission of the LLRC word. A 'O' on 
this signal will allow the Source device to transfer at 
least one more data word from the Source Host 
FIFO to the HIPPI channel unless the current word 
is the 256th word of the current Burst. 
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DATAV DATa AVailable signal from the Source Host: 
Indicates the availability of at least one more data 
word, or I-Field in the Source Host FIFO. A '1' on 
this signal will enable the Source device to advance 
any pending operation that requires more data from 
the Host. A 'O' on this signal will prevent the ad
vancement of any such operations, and will legally 
terminate the current data Burst being transferred 
across the HIPPI channel. 

Internal Inputs 

<FLOWON> Flow control signal from the READY/ 
BURST counter block: Indicates the current capac
ity of the HIPPI channel (Destination) to accept a 
HIPPI Burst. A '1' on this signal enables the trans
mission of one Burst to be initiated, if available from 
the Source Host system. A 'O' on this signal allows 
the completion of any Burst that has been initiated, 
but disables any subsequent Bursts. The state of 
this signal is observable at the DTREQ (DaTa 
REQuest) output of the Source Device. 

<CONREQ> Connect request signal from the Connect 
Control State Machine: This signal is active for any 
of the Connect SM states {REQ} thru {CON16} dur
ing a normal HIPPI channel Connection Request se
quence. When active, this signal allows the Data/ 
FIFO SM to read the I-Field from the Source Host 
FIFO, and then present the I-Field data and the B.EQ 
signal to the HIPPI channel. 

<CNNECTED> Connected signal from the Connect 
Control State Machine: This signal is active only for 
the {CONNECTED} state. A '1' on this signal en
ables all the HIPPI data delimiting and transfer 
functions. A 'O' will disable all delimiting and trans
fer functions. 

<256THWRD> The Terminal Count signal from the 8-
bit word counter of the Host Data/FIFO Control 
Block: This signal indicates that the 256th word of 
the current Burst is being transferred from the FIFO 
to the Source device. A '1' on this signal will legally 
terminate the current Burst. A 'O' will allow the 
Source device to transfer at least one more data 
word. 

<RESET> The Reset signal from the Clock Control 
Block: This signal is the registered decode of the 
MSEL2-1 for the Mode = 0 state. A '1' on this signal 
indicates the Reset state for the entire Source de
vice including the Host Data/FIFO SM. A 'O' on this 
signal will enable all other inputs to the SM. 
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HOST DATA/FIFO SM INTERNAL STATES 

The defined states are as follows: 

{INIT} The INITialization state is the entry point of the 
Host Data/FIFO SM. This state is unconditionally 
entered by a "RST' decode of the inputs. The state 
is also entered by a "DSCN" decode representing 
the disconnected state of the HIPPI channel. This 
state remains active if a "CNRQ" decode is true 
while the "NODr decode remains false, indicating 
a Connection request without Data available from 
the FIFO. The state is exited to the {RDIFL} state 
by the decode of "CNRQ" and "DTAV" both true. 
The decode of "CON" in this state is a Destination 
error and the {DESTERR} state is entered. 

{RDIFL} The ReaD I-Field state is entered when a 
Connect request is is initiated by the Source Host 
system and there is data available from the Source 
Host. When in this state the FIFO read function is 
active resulting in an active low level on the NREN 
output. The read operations of the FIFO will con
tinue until the "IFLD" decode is true, at which point 
the {PSTIFLD} state is entered. The decode of 
"RST' or "DSCN" will exit this state back to the 
{INIT}. The decode of "CON" in this state will force 
entry to the {DESTERR} state. 

{PSTIFLD} The PoST I-Field state is entered when an 
I-Field is successfully read from the Source Host 
system. While in this state, the I-Field data is pre
sented to the HIPPI channel and the REQ signal is 
asserted on the HIPPI channel. Although the NREN 
signal remains inactive, the internal data and parity 
pipeline remains active. If the I-Field was presented 
from the FIFO, the FIFO output register is stable 
with that data. If the FIFO data outputs were dis
abled, any other data applied to the Source device 
inputs (ie. via 3-state multiplexing) would appear at 
the HIPPI channel outputs two 25MHz clock cycles 
later. The decode of "DSCN" or "RST' will force 
entry to {INIT}. The decode of "CON" indicates suc
cessful connection to the HIPPI channel, and the 
{IDLE} state will be entered. 

{IDLE} The IDLE state is maintained when there is a 
Connection established, but there is no Packet and 
no data to transmit. No read operations are per
formed on the FIFO in this state. When "DROY" 
indicates that Data and Burst are available, the 
(WAITPKT} state is entered. 

5-34 

{WAITPKT} The WAIT PacKeT state is entered when 
there is no active Packet and the decode of "DRDY" is 
true, indicating that both BSTAV and DATAV were 
asserted from the Source Host system. 

This state will read one word from the Source Host 
FIFO. If the "NPIF" decode is detected at the read 
(ie. PKTAV not asserted) then the {IDLE} state is 
entered. This loop of {IDLE}-(WAITPKT} will ad
vance the FIFO up to the next valid Packet. 

Any data words not delimited by PKT AV will appear 
at the HIPPI channel, but the PKT and BST signals 
on the HIPPI channel remain inactive. If the PKTAV 
is asserted at the read, the {PENDBST) state is 
entered. 

{PENDBST} The PENDing BurST state is entered 
when the Source Host system has a Burst of data 
to send. No read operations are performed in this 
state. If the "FLOP' decode is true (indicating that 
the Destination is not Ready for a Burst), this state 
is maintained. When the "FLOP' decode is false 
then this state is exited. If the PKT AV signal is 
deasserted, the {SRCERR} state is entered. If the 
pending Burst has only one word either by the as
sertion of SHBST in the first word or by the 
deassertion of DATAV (the last word in the FIFO 
was read), then the {LSTWD} state is entered. If the 
Burst has more than one word, then the {BURST} 
state is entered. 

{BURST} The BURST state is entered when every
thing is prepared for transmission; a valid connec
tion is established on the HIPPI channel, the 
Source Host system has at least one Burst avail
able, a Packet is currently active, and the Destina
tion is capable of receiving at least one complete 
Burst. In this state, Source Host system read op
erations are performed continuously until the the 
Packet is terminated, the 256th word is read, the 
SHBST signal is asserted, or the Source Host FIFO 
runs out of data. When any of these terminating 
conditions occur, the {LSTWD} state is entered. 

{LSTWD} The LaST WorD state is entered when the 
last word of the current Burst has been read from 
the Source Host system. No read operations are 
performed in this state. This state is only one cycle 
in duration, and except for error conditions, the 
{LLRC} state is next. 
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{LLRC} The LLRC state is entered after the {LSTWD} 
state. This state will deassert the .efil signal on the 
HIPPI channel while completing and posting the 
LLRC word to the channel. If the current Packet 
has been terminated by the Source Host system 
(PKTAV was deasserted at the read of the last 
word of the Burst), then the {IDLE} state will be 
entered. If the "DROY" decode is true (BSTAV and 
DATAV are both asserted), and the current Packet 
is to be continued, then the {WTBST} state is en
tered. If the current Packet is to be continued, but 
the "DROY" decode is false, then this state is main
tained. No read operations are performed in this 
state. 

{WTBST} The WaiT BurST state is entered after one 
Burst is complete and the "DROY" decode is true. 
One read operation is performed in this state. If 
PKT AV is asserted at that read operation, then the 
{PENDBST} state is entered. If PKTAV was 
deasserted at the read, then the {IDLE} state is 
entered. 

{SRCERR} The SouRCe ERRor state is entered if the 
PKT AV changes from a "1" to a "O" and the "FLOP' 
decode is false during the {PNDBST} state. 

This state is exited to the {INIT} state when the 
HIPPI Connection is broken or if the <RESET> sig
nal is true. The state is exited to the {DSTERR} 
state if the "CNRO" decode is true. This error state 
is reported to the Source Host system by setting 
both SOERR and~ output to logical "1". 

{DSTERR} The DeSTination ERRor state is entered if 
the <CONREO> signal is received while a valid 
HIPPI Connection is already established. The most 
likely cause of this error is an unstable signal on the 
HIPPI channel from the Destination. This state is 
also entered if ~ is asserted when not expected 
(during the {INIT} or {RDIFL} states). This state is 
exited by either the "RST' or "DSCN" decodes be
ing true, either of which force the {INIT} state. This 
error state is reported to the Source Host system by 
setting the SQERR output to "1" and the SANDS 
output to "O". 
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DAT A/FIFO SM EXTERNAL OUTPUTS 

B.EQ REQuest signal to the HIPPI channel. The func
tions of this signal are defined in the HIPPl-PH 
spec. 

BRST BuRST signal to the HIPPI channel. The func
tions of this signal are defined in the HIPPl-PH 
spec. 

fKI PacKeT signal to the HIPPI channel. The func
tions of this signal are defined in the HIPPl-PH 
spec. 

.NB.EN Not Read ENable signal to the Source Host 
system FIFO. This is an active low signal to be 
used to enable the FIFO to load a new data word 
into its output register. This signal is controlled not 
only by the state of the Data/FIFO SM, but also by 
the inputs PKTAV, fil:!6fil, DATAV and BSTAV. 

As an example, in the {RDIFL} state, the detection 
of the "IFLD" decode (PKTAV ='0', fil:!6fil = '1') 
will asynchronously deassert (raise to logical '1') 
the NREN signal prior to the next rising edge of 
RDCLK such that the tagged data remains held in 
the FIFO's output buffer. Similarly, the "DADY" de
code asynchronously controls the assertion of 
NREN on the transition from the trapped {IDLE} 
state to the {WAITPKT} state. 
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Figure 3. Data/FIFO SM Input Decode Alphabet 

<FLOW ON> 

BSTAV 
DAT AV 

<256THWORD> 

SHBST 
PKTAV 

<CNNECTED> 
<CONREO> 
<RESET> 

l, In v ' It' It ' It ' It ' 
ii '"' 

0 "FLOF'' xxx xx x x x 0 
1 "NODT" xxx xx x 0 x x 
2 "DADY" xxx xx x 1 1 x 
3 "DTAV" xxx xx x 1 0 x 
4 "256W" xxx xx 1 x x x 
5 "SBST" xxx 1 1 x x x x 
6 "IFLD" xxx 0 1 x x x x 
7 "PKT" xxx 1 0 x x x x 
8 "NPKT" xxx 00 x x x x 
9 "NPIF" xxx OX x x x x 

10 "CON" 0 0 1 xx x x x x 
11 "CNRQ" 0 1 x xx x x x x 
12 "DSCN" 0 0 0 xx x x x x 
13 "RST" 1 xx xx x x x x 
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INPUT DESCRIPTION 

FLOW OFF 
NO DATA 
DATA READY 
DATA AVAILABLE 
256th WORD 
SHORT BURST 
I-FIELD 
PACKET 
NO PACKET 
NO PACKET OR I-FIELD 
CONNECTED 
CONNECT REQUEST 
DISCONNECTED 
RESET 
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Figure 4. S2020 Data/FIFO Interface SM State Transition Diagram 

'CNRQ"•"NODT" + 'DSCN" + "AST" 

"DSCN" + 'RST' From 8 

{DESTERR} 
10 

00000 

"CNRQ" 

From 3, 4, 5, 6, 
7, 8, 9or11 

"CON" • "NPIF" 

{INIT} 

00000 

{RDIFL} 

10000 

{PST IFL} 
&REQ 
00001 

{IDLE} 

....----. 00001 

'CON" • "NPIF" 

0 

'CNRQ'•"NODT' 

"CNRQ"•"IFLD" 

"CON" 

3 

"CON" • "DROY" 

{WAITPKT} 
4 

10001 

From8 

From 5, 6, 7, 8, 11 "CON"• "NPIF' 

ON CONN REQ STATE 
To5 
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FROM 1;2 

"DSCN" + "AST" 

"DSCN" + "RST" 

"DSCN" + "RST' 

"CON" • "NPIF" 

"CON"•"DRDY" 

From9 
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Figure 4. 52020 Data/FIFO Interface SM State Transition Diagram (continued) 

5·38 

3,4,5,6, 7,8,9,or11 
go to 0 on "DSCN' + 'AST" 
or go to 10 on "CNRQ' 

FROM4 T03 

"CON"•"NPIF" 
"CON"•"NPIF' 

..-----"----. "CON"•"NPIF"r-----'-----. 

{SRCERR} ------1 {PENDBST} "CON" • {WTBST} 

11 "CON"•'FLOF" 5 
•"NPIF" 01001 

"FLOF" 9 
11001 00000 

"CON'•"FLOF" • 
('SBST"+"PKT"•"NODT") 

T03 

"CON"•"NPIF" 

{BURST} 

11111 

{LSTWD} 

01111 

L----~ {LLRC} 

01001 

{STATE} 
STATE# 

xxxxx 

HIPPI REQ 
'----- LLRC ENAB. 

'------ HIPPI BURST 
.__ _____ HIPPI PACKE"(_ 

------- FIFO READ= (NREN) 

-- --'CON"•"PKT"•"NODT"•"FLOF" 

"CON"•"PKT"•'256W"•"NODT' 

6 

"CON"• ("PKT" + "256W" + 'NODT") 

7 

"CON" 

8 
'CON"•"NPIF"•"DRDY" 

-- --'CON'•"NPIF"•"DRDY' 
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S2021 HIPPI DESTINATION CONNECT 
CONTROL 

52021 HIPP/ Destination Device Normal 
Functional Sequence 

The S2021 Destination Device responds to Connection 
and data transfer requests received from the HIPPI 
Source. 

The RESET Command (Mode 0) initializes all internal 
registers and state machines of the S2021. The Reset 
Command also places all Host side TTL outputs in the 
high-impedance state and the HIPPI Channel outputs 
(CONNECT and READY) in the deasserted state. The 
Destination to Source Interconnect output (DSIC) is 
also placed in the high logic low state. If the circuit 
recommended on page 19 of the S2020/S2021 Device 
Specification is used, this will result in a high inactive 
level on the HIPPI Channel DSIC signal. 

After the RESET Command initialization is complete the 
Device should be placed in the operational state through 
the Mode 5 Command. The Host system should place a 
logic low signal on the CONIN input. The SRCAV output 
should then be monitored to determine the status of the 
Source Driving the HIPPI Channel. 

If this signal is at a logic 0, either the Source to Destina
tion Interconnect (SDIC) is inactive or one of the Chan
nel Control signals (REQUEST, PACKET or BURST) 
from the Source is active. A logic 1 on the SRCAV 
output indicates the presence of a functional Source 
capable of initiating data transfers. 

In the initialized but not connected condition, the S2021 
cycles through the {DISCON0-2} state sequence. This 
is monitored by the host system by observing the 5,6,7 
repeating sequence on the SELB(2:0) outputs and the 
appropriate internal status words on the data outputs. 

At this point the Host system may initialize the internal 
Buffer Counter of the S2021 with the number of Burst
sized (256 word) buffer blocks available in the external 
FIFO and memory system. This is accomplished by 
placing a rising edge signal on the RDYIN input for 
each buffer block to be counted. Thus, if the available 
FIFO is 4K words deep, and the process that empties 
the FIFO is slower than the data rate of the HIPPI 
Channel, 16 pulses would be supplied to the RDYIN 
input. 

During the disconnected condition, the state of the 
Buffer counter can be monitored by observing its con
tents in the lower half of the Flow status Word 2 which 
is presented to the outputs during the SELB=7 state. 
The Buffer Counter has a capacity of 2exp16 - 1 counts 
(65,535 buffers). Inputs to RDYIN greater than this will 
be ignored. 
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If the process that empties the FIFO is faster than the 
data rate of the HIPPI Channel, the RDYIN input may 
be driven by a free-running TTL signal at a frequency 
less than or equal to 12.5 MHz. In that configuration the 
Buffer counter will quickly fill to 65,535. 

After a connection is accepted, the READY signals are 
continuously generated at the maximum rate allowed 
by the HIPPI Standard (160 ns asserted, 160 ns 
deasserted) and counted in the internal READY 
Counter until the two counters are equal. If a continu
ous toggling signal is applied to RDYIN, 65,535 READY 
pulses will be sent at the maximum rate. From that 
point on each received Burst will allow one and only 
one READY pulse to be generated. 

When an active REQUEST is detected on the HIPPI 
Channel the {REQCON} state and the {IFIELD} state 
are entered. The data on the HIPPI Channel is pre-
sented at the outputs of the S2021 along with a logic • 
high on the CONRQ output. 

The SELB outputs assume the 001 code for the HIPPI 
I-Field. At this point the Host system must decide to 
either accept or reject the connection. The Host system 
must place a logic high on the CONIN input while hold
ing the ACCRJ at logic high to accept the connection. If 
ACCRJ is held low when CONIN is asserted the con
nection will be rejected. For applications where all 
REQUESTs must be accepted, the CONRQ output 
may be connected directly to the CONIN input and the 
ACCRJ input held high. 

If the REQUEST is rejected (CONIN =1, ACCRJ =0) 
the S2021 will assert the CONNECT signal on the 
HIPPI Channel for four clock cycles and then deassert 
the CONNECT signal for four cycles. If at the end of this 
sequence the Source has deasseted the REQUEST 
signal the S2021 will return to either the {IDLDSAB} 
state (CONIN=1) or the {IDLENAB} state (CONIN=O). 
When the {IDLENAB} state is reached the S2021 is 
able to process another Connection Request from the 
Source. 

If the Host system has accepted the connection request 
(CONIN=1, ACCRJ=1) the 82021 will return to the 
{DISCON0-2} sequence until the CONNECT signal has 
been asserted for four clock cycles. At that point the 
82021 enters the {IDLE} state (SELB=3) and remains 
there until the Source asserts the PACKET signal on 
the HIPPI Channel. 

When the PACKET signal is detected from the Chan
nel, the 82021 responds by placing a logic 1 on the 
PKOUT output and waits for a Burst data transfer to 
begin. The SELB bus remains in state 3. If the Source 
drops the PACKET on the Channel without beginning a 
Burst, i.e. attempts to form an "empty'' Packet, the 
82021 will detect a Sequence Error. 
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The detected Sequence Error will force the CONNECT 
to deassert, issue one Sequence Error word on the 
data outputs (SELB=4), and then return to the 
{DISCON0-2} sequence with its accompanying 
SELB5,6,7 sequence. 

In the normal data transfer procedure, the Source will 
follow the asserted PACKET by asserting the BURST 
signal at least one clock cycle later. If the BURST is 
asserted at the same time as or before PACKET, the 
Sequence Error process described above will occur. 

A legally asserted and detected Burst will cause the 
S2021 to place a logic 1 on the BROUT output, place 
the SELB bus to state 0, and place the received data 
and parity bits on the data and parity outputs as the first 
word of the Burst. 

The S2021 will continue to place received data and 
parity on the outputs (with SELB=O) until the Source 
deasserts the BURST signal. The S2021 makes no dis
tinction between short Bursts (less than 256 words), 
normal Bursts (exactly 256 words), or "extended" Bursts 
(greater than 256 words). As long as the Source pro
vides an LLRC word calculated with a modulo 256 word 
count in accordance with the HIPPI Specification, the 
S2021 will process the Burst without error. 

The Burst is ended when the S2021 detects that the 
Source has deasserted the BURST signal on the HIPPI 
Channel. The data and parity word received with the 
deasserted BURST are placed on the outputs as the 
LLRC word (SELB=2). The received LLRC word is 
compared with the LLRC internally calculated and any 
mismatch will set the ALLER output to logic 1 at the 
next clock cycle. 

As each Burst is completed, the internal Burst Counter 
is incremented by one as described above. During the 
inter-Burst idle time the SELB bus is placed in state 3 
and the general operational status word appears on the 
data outputs. That status word allows the comparison 
flags for the Flow Control circuit to be observed. 

The ALLBSTS flag is 1 when the READY and BURST 
counters are equal. The 64KBFRS flag is 1 when the 
Last Burst and Buffer counters are equal. The 
ALLRDYS flag is one when the READY and Buffer 
counters are equal. 

The S2021 will continue to process received Bursts un
til the Source deasserts the PACKET signal. The inter
Packet condition will also result in the general 
operational status word appearing at the outputs (with 
SELB=3). 

At this point the Source may elect to start another 
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Packet or end the Connection by deasserting the RE
QUEST signal. It should be noted that the Source may 
deassert the REQUEST signal at the same time as it 
deasserts the PACKET signal. In either case the S2021 
returns to the SELB5,6,7 sequence (internal states 
{DISCON0-2}). 

The value in the BURST Counter is loaded into the 
READY Counter, since the previous difference between 
these two counters represents the READYs that were 
"losf' or unanswered by the now disconnected Source. 

Unless the Destination Host System resets the flow 
counters (NARDY set to logic 0) or resets the S2021 
(Mode o Reset) The available Buffer count is preserved 
for the next Connection. 

The HIPPI Destination device Connect Control State 
Machine (SM) controls the Connection state of the 
HIPPI channel to which it it is attached. The Connect 
Control SM has inputs from the Destination Host and 
from the HIPPI channel (remote Source). Based on the 
current set of inputs and the last state of this circuit the 
next Connect state is entered and a related set of out
puts is generated to the Destination Host and to the 
HIPPI channel (remote Source). 

For this discussion, all external device signal names 
shall be CAPITALIZED and underlined, the SM input 
'alphabet' or decode names shall be in double quotes 
(") and all internal state names shall be 

enclosed in curley brackets '{}'. Signals internal to the 
Destination device other than previously defined state 
names shall be in caret brackets'<>'. 

CONNECT STATE MACHINE EXTERNAL 
INPUTS 

MSEL2-0 Mode SELect lines 2 - O from the Destination 
Host system. Although there are eight possible 
modes for the Destination device selected by these 
signals, only modes O (RESET) and 5(0PERA
TIONAL) are part of this discussion. 

SDIC Source to Destination lnterConnect signal. A 'O' on 
this signal indicates the presence of a functioning 
Source on the HIPPI channel. A '1' on this signal 
indicates the absence of a functioning Source on the 
HIPPI channel. This signal is debounced and in
verted to form <NRAWSDIC> (active high). A '1' on 
this input (or 'O' on the <NRAWSDIC> signal) is suffi
cient to force the internal "DSBL" decode indepen
dent of other inputs. 
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Figure 48. 52021 Destination FIFO Interface 

DT0(31:0) 

PAR0(3:0) 

RPERR 
PK OUT 
BROUT 
RLLER 

SELB(2:0) 

WRCLK 

DTVAL 

C>----------------------------C> 0(31:0) C::>---------------------------C::> P(3:0) 

~,.----------------------------C> DST_STATE(3:0) 

r----------------C::> SELB(2:0) 
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N_WREN 

N_SRCAV 
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To FIFO. 
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SYNER 
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N_CONNECT_REQUEST 
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REQ REOuest signal from the HIPPI channel. The 
functions of this signal are defined in the HIPPl-PH 
spec. When debounced and synchronized as 
<SYNCREO> this signal is used in the input 'alpha
bet' decoder for the Connect Control SM. 

CONIN CONnect IN signal from the Destination Host 
system. This signal when asserted during a Connec
tion Request cycle, indicates an active response to 
the Request by the Destination Host system. 

If this signal is asserted prior to the detection of a 
Connection Request cycle, the "IDSB" decode inhibits 
response to Requests from the HIPPI channel. 

If this signal remains low after an asserted REO 
from the HIPPI channel, the channel remains 'hung' 
in the Connection Request state until the Remote 
Source exercises a time-out of the unanswered re
quest. The CONIN signal may be tied directly to the 
CONRQ output, and the ACCRJ used as the active 
Connection control by the Destination Host system. 

ACCRJ ACCepVnot ReJect signal from the Destination 
Host system. This signal together with the CONIN 
signal described above, control the Destination 
device's response to a Connection Request (as
serted REO) from the HIPPI channel remote 
Source. If a '1' is placed on this input, the accompa
nying active QQMN is considered as an accep
tance response to the Connection Request. If a 'O' 
is placed on this input, the asserted QQMN will 
result in an active Rejection of the Connection Re
quest (the CON signal to the HIPPI channel will be 
asserted for four clock cycles only, then 
deasserted). The active Rejection avoids possible 
'hung' conditions on the HIPPI channel. 

CONNECT STATE MACHINE INTERNAL 
INPUTS 

<RSTCON> ReSeT CONnection signal from the internal 
Data/FIFO Control SM. This signal is asserted dur
ing error states of the DATA/FIFO SM. When as
serted, this signal is sufficient to force the internal 
"DSBL'' decode independent of other inputs. 

CONNECT SM INTERNAL STATES 

{DISABLED} The DISABLED state of the Connect SM 
is forced by the decode of "DSBL" from the input 
'alphabet'. "DSBL" will force this state from all other 
states of the Connect SM. While in this state the 
SRCAV output is held to 'O'. This state is exited to 
the {IDLDSAB} state if the "IDSB" decode is true 
(CONIN asserted with no REQ active). The 
{IDLENAB} state will be entered if the "IENB" de
code is true. 
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{IDLDSAB} THE IDLe DiSABled state is entered from 
the {DISABLED} state, the {IDLENAB} state, and 
from the {REJCOMPL} state when the "IDSB" de
code is true. This state will persist until the "IDSB" 
decode is false. The normal exit from this state is to 
the {IDLENAB} state if the "IENB" decode is true. 
The "DSBL" decode will force exit to the {DIS
ABLED} state. Any other decode forces the 
{HANGERR} state. 

{IDLENAB} The IDLe ENABied state is entered from 
the {DISABLED} state, the {IDLENAB} state, and 
from the {REJCOMPL} state when the "IENB" de
code is true. This state will persist until the "IENB" 
decode is false. This state is exited to the 
{REQCON} state if the "RQCN" decode is true, the 
{ACCO} state if the "CNAC" decode is true, the 
{REJO} state if the "CNRJ" decode is true, and the 
{IDLDSAB} state if the "IDSB" decode is true. 

{REQCON} The REQuest CONnection state is entered 
from the {IDLENAB} state at the detection of an 
asserted REQ from the HIPPI channel while 
CONIN is deasserted ("RQCN" decode is true). 
This state will persist while "RQCN" remains true. If 
the REO is deasserted, this state is exited to the 
{IDLENAB} state. This state is exited to the {ACCO} 
state if the "CNAC" decode is true, the {REJO} state 
if the "CNRJ" decode is true, the {IDLENAB} state if 
the "IENB" decode is true and the {IDLDSAB} state 
if the "IDSB" decode is true. 

{ACC0-3} The ACCept 0 through ACCept 3 states are 
entered at {ACCO} from either {IDLENAB} or 
{REQCQN} when the "CNAC" decode is true. 
These states are then sequenced in order unless 
overridden by a "DSBL" decode. The CON signal is 
asserted on the HIPPI channel for these states. 
This sequence is exited to the {CONNECTED} 
state if the "DSBL" decode remains false. 

{CONNECTED} The CONNECTED state is entered 
when a valid Connection is established across the 
HIPPI channel between the Destination and the 
Source. This state enables the output of the ADY 
signals on the HIPPI channel to initiate the transfer 
of Burst data from the remote Source. This state 
will persist while either the "CNAC" or the "CNRJ" 
decodes are true and the "DSBL" decode remains 
false. The QOO signal on the HIPPI channel re
mains asserted while in this state. This state is ex
ited to the {REJCOMPL} state if the "RQCN" 
decode is true, the {DISCONO} state if the "IENB" 
decode is true, and the {INCOMPDCON} state if 
the "IDSB" decode is true. 
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Figure 5. 52021 Connect SM Input Decode Alphabet 
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Figure 6. S2021 Connect SM State Transition Diagram 
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Figure 6. 52021 Connect SM State Transition Diagram (continued) 
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{REJG-3} The REJect O through REJect 3 states are 
entered at {REJO} from either {IDLENAB} or 
{REQCON} when the "CNRJ" decode is true. 
These states are sequenced in order unless over
ridden by a "DSBL" decode. The .QQt:! signal is 
asserted on the HIPPI channel for these states, 
providing the minimum four clock cycle response 
for an active Connection Reject. This sequence is 
exited to the {REJ4} state if "DSBL" remains false. 

{REJ4-7} The REJect 4 through REJect 7 states are 
entered at {REJ4} from {REJ3}. These states are 
sequenced in order unless overridden by a "DSBL" 
decode. The .QQt:! signal is deasserted for these 
states, defining the active Connection Reject. This 
sequence is exited to the {REJCOMPL} state if 
"DSBL" remains false. 

{REJCOMPL} The REJect COMPLete state is entered 
from the {REJ7} state if "DSBL" decode is false, or 
from the {CONNECTED} state if the "RQCN" de
code is true. This state persists while "RQCN". 
"CNRJ" or "CNAC" are true. This state is exited to 
the {IDLENAB} state if the "IENB" decode is true, or 
to the {IDLDSAB} state if the "IDSB" decode is true. 

{DISCON0-3} The DISCONnect 0 through 
DISCONnect 3 states are entered in sequence 
from the {CONNECTED} state or from the 
{INCOMPDCON} state when the "IENB" decode is 
true. These states are sequenced in order unless 
overridden by a "DSBL" decode. 

The function of this sequence is to assure that at 
least four clock cycles of deasserted .QQt:! on the 
HIPPI channel to recognize the Disconnected con
dition of the channel. This sequence is exited to the 
{IDLENAB} state if the "IENB" decode is true. 

{INCOMPDCON} The INCOMPiete DisCONnect state 
is entered from the {CONNECTED} state if the 
"IDSB" decode is true (m;Q on the HIPPI channel 
is deasserted, but .QQMJN remains asserted). This 
state persists if the "IDSB" decoode remains true. 
This state is exited to the {DISCONO} state if the 
"IENB" decode is true, or to the {HANGERR} state 
if either the "RQCN", "CNAC" or "CNRJ" decodes 
are true. 

{HANGERR} The HANG ERRor state is entered from 
from either the {IDLDSAB} or {INCOMPDCON} 
states if either the "RQCN", "CNAC" or ''CNRJ" de
codes are true. These decodes represent errone
ous sequences of the Host or channel control 
signals. This state is exited after one clock cycle to 
the {WAITIDLE} state. 
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{WAITIDLE} The WAIT IDLE state is entered from the 
{HANGERR} state if the "DSBL" decode remains 
false. This state persists if either the "RQCN", 
"CNAC" or "CNRJ" decodes are true. This state is 
exited to the {IDLENAB} state if the "IENB'; decode 
is true. 

3.4 CONNECT SM EXTERNAL OUTPUTS 

SRCAV SouRCe AVailable signal to the Destination 
Host sytem. A "1" on this signal indicates that the 
HIPPI channel, from the remote Source through the 
local Destination device is available. 

A "O" on this signal indicates that either the SDIC is 
inactive, the Destination device is in a Reset or test 
mode, or that the Data/FIFO SM is in an Error 
state. 

CONRQ CONNect ReQuest signal to the Destination 
Host system. A "1" on this signal indicates that the 
.BEQ signal from the HIPPI channel has been as
serted and recognized by the Destination device. A 
"O" on this signal occurs when the .BEQ signal is 
de asserted. 

This signal when active indicates the time during 
which the .QQMJN input may be used to actively 
accept or reject a Connection Request 

CON CONnect signal to the HIPPI channel. The func
tions of this signal are defined in the HIPPl-PH 
spec. 

4.0 S2021 HIPPI DATA/FIFO CONTROL 

The HIPPI Destination device Host Data/FIFO State 
Machine' (SM) is part of the Host Data/FIFO Control 
Block'. The State Machine controls the flow of data and 
status from the HIPPI channel, through the S2021 Des
tination device to the Destination Host FIFO and the 
associated status registers. 

The Data/FIFO SM also provides addressing control to 
vector data and status words to their appropriate regis
ters. 

The Host Data/FIFO SM has inputs from the HIPPI 
channel and the Connect Control SM. Based on the 
current set of inputs and the last state of this state 
machine, the next Data/FIFO state is entered and a 
related set of outputs is generated to the Destination 
Host system. 

As before, all external device signal names shall be 
CAPITALIZED and underlined, the SM input 'alphabef 
or decode names shall be in double quotes (j, and all 
internal state names shall be enclosed in curly brackets 
'{}'. Signals internal to the Source device other than 
previously defined state names shall be in caret brack
ets'<>'. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



AMCC 
S2020/S2021 SOURCE DEVICE STATE MACHINES HIPPI 

HOST DATA/FIFO SM INPUTS 

EXTERNAL INPUTS 

BRST BuRST signal from the HIPPI channel. The 
functions of this signal are defined in the HIPPl-PH 
spec. 

PKT PacKeT signal from the HIPPI channel. The func
tions of this signal are defined in the HIPPl-PH 
spec. 

4.1.2 INTERNAL INPUTS 

<NXTST6> State 6 signal from the Connect Control 
SM: This signal is active when the Connect Control 
SM is in the {REQCON} state. This signal indicates 
the reception of an I-Field' from the HIPPI channel. 

<NXTST25> State 25 signal from the Connect Control 
SM: This signal is active when the Connect Control 
SM is in the {CONNECTED} state. This signal al
lows the Data/FIFO SM to process Packet and 
Burst delimited data from the HIPPI channel. 

4.2 HOST DATA/FIFO SM INTERNAL 
STATES 

The defined states of the Data/FIFO SM are as follows: 

{DISCON0-2} The DISCONnected 0 through 
DISCONnected 2 states are repetitively sequenced 
if the "DISC" input decode is true. This sequence is 
entered at {DISCONO} if the Mode 0 Reset is com
manded via the MSEL0-2 inputs. While in this Se
quence, the Idle/Disabled status word, the flow 
status word 1, and the flow status word 2 are pre
sented in sequence on the data outputs of the Des
tination device. In addition to the standard 
transitions, this state sequence is exited to the 
{HSEQER} state if the "GLRC" or "DXFR" decodes 
are true, to the {IFIELD} state if the "HIFL" decode 
is true, or to the {IDLE} state if the "IDLG" decode is 
true. 

{IFIELD} The I-FIELD state' is entered from the 
{DISCON0-2} state sequence if the "HIFL" decode 
is true. This state persists if the "HIFL" decode re
mains true. In addition to the standard transitions, 
this state is exited to {HSEQER} if the "GLRC" or 
"DXFR" decodes are true or to the {ILLINPT} state 
if the "IDLG" decode is true. The normal functional 
exit is the standard "DISC" to {DISCONO}. In this 
state the received I-Field from the HIPPI channel is 
presented on the data outputs of the Destination 
device. 
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{IDLE} The IDLE state is entered from the {DISCON0-
2'} state sequence, the {INTRPKT} state or the 
{ENDBPKT} state if the "IDLG" decode is true. In 
addition to the standard transitions, this state is ex
ited to the {HSEQER} state if the "DXFR" decode is 
true, to {ILLINPT} if the "HIFL" decode is true, and 
to the {BGNPKT} state if the "GLRC" decode is 
true. In this pre- and inter-packet state the general 
op status word is presented on the data outputs of 
the Destination device. 

{BGNPKT} The BeGiN PacKeT state is entered from 
the {IDLE} state, the {INTRPKT} state or the 
{ENDBPKT} state if the "GLRC" decode is true. In 
addition to the standard transitions, this state is ex
ited to the {HSEQER} if the "IDLG" decode is true, 
to the {ILLINPT} state if the "HIFL" decode is true, 
to the {PKTNBST} state if the "GLRC" decode is 
true, and to the {DTATRNSF} state if the "DXFR" • 
decode is true. In this state the general op status 
word is presented on the data outputs of the Desti-
nation device. 

{PKTNBST} The PacKeT No BurST state is entered 
from the {BGNPKT} state if the "GLRC" decode is 
true. This state persists if the "GLRC" decode re
mains true. In addition to the standard transitions, 
this state is exited to the {HSEQER} state if the 
"IDLG" decode is true, to the {ILLINPT} state if the 
"HIFL" decode is true, and to the {DTATRNSF} 
state if the "DXFR" decode is true. In this state the 
general op status word is presented on the data 
outputs of the Destination device. 

{DTATRNSF} The DaTA TRaNSFer state is entered 
from the {BGNPKT} state, the {PKTNBST} state , or 
the {IBSTGP} state if the "DXFR" decode is true. 
this state persists if the "DXFR" decode remains 
true. In this state Burst data is received and pre
sented to the data outputs of the Destination de
vice. In addition to the standard transitions, this 
state is exited to the {HSEQER} state if the "IDLG" 
decode is true, to the {ILLINPT} state if the "HIFL" 
decode is true, or to the {LLRCCH} state if the 
"GLRC" decode is true. 

{LLRCCH} The LLRC CHaracter state is entered from 
the {DTATRNSF} state if the "GLRC" decode is 
true. In this state the received LLRC character from 
the HIPPI channel is presented on the data outputs 
of the Destination device. During this state, the in
ternally calculated LLRC character is compared to 
the received character and the result of this com
parison is presented one clock cycle later on the 
.Bl..l.&.B output of the Destination device. In addition 
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Figure 1. 82021 Data/FIFO SM Input Decode Alphabet 
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Figure 8. S2021 Host Data/FIFO SM State Transition Diagram 
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Figure 8. 52021 Host Data/FIFO SM State Transition Diagram (continued) 
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to the standard transitions, this state is exited to the 
{HSEQER} state if the "DXFR" decode is true, to 
the {ILLINPT} state if the "HIFL" decode is true, to 
the {ENDBPKT} state if the 

"IDLG" decode is true, or to the {ENDBST} state if 
the "GLRC" decode is true. 

{ENDBST} The END BurST state is entered from the 
{LLRCCH} state if the "GLRC" decode is true. In 
this state the general op status word is presented 
on the data outputs of the Destination device. In 
addition to the standard transitions, this state is ex
ited to the {ILLINPT} state if the "HIFL" decode is 
true, to the {DTATRNSF} state if the "DXFR" de
code is true, to the {IBSTGP} state if the "GLRC" 
decode is true, or to the {INTRPKT} state if the 
"IDLG" state is true. 

{IBSTGP} The Inter BurST GaP state is entered from 
the {ENDBST} state if the "GLRC" decode is true. 
This state persists if the "GLRC" decode remains 
true. In this state the general op status word is 
presented on the data outputs of the Destination 
device. In addition to the standard transitions, this 
state is exited to the {ILLINPT} state if the "HIFL" 
decode is true, to the {DTATRNSF} state if the 
"DXFR" decode is true, or to the {INTRPKT} state if 
the "IDLG" decode is true. 

{INTRPKT} The INTeR PacKeT state isentered from 
the {IBSTGP} state or from the {ENDBST} state if 
the "IDLG" decode is true. In this state the general 
op status word is presented on the data outputs of 
the Destination device. In addition to the standard 
transistions, this state is exited to the {HSEQER} 
state if the "DXFR" decode is true, to the {ILLINPT} 
state if the "HIFL" decode is true, to the {BGNPKT} 
state if the "GLRC" decode is true, or to the {IDLE} 
state if the "IDLG" decode is true. 

{HSEQER} The HIPPI SEQuence ERror state is en
tered unconditionally if the OVERFLOW condition 
occurs (Burst received when Burst and Ready 
counters are equal). The {HSEQER} is also entered 
from all states except {ILLINPUT}. For specific 
states other decodes incorrect that state will also 
froce the {HSEQER} state. In this state the Se
quence Error status word is presented to the data 
outputs of the Desination device. During this state 
the <RSTCON> signal is generated to force the 
reset of the Connect Control SM and abandon the 
compromised HIPP! Connection. This state is ex
ited to the {DISCONO} state unconditionally on the 
next clock cycle. 
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{ILLINPT} The Illegal INPuT signals state is entered 
from all other states except the {HSEQER} state if 
the "CERA" decode is true. For specific states other 
decodes incorrect that state will also force the 
{ILLINPT} state. In this state the Sequence Error 
status word is presented to the data outputs of the 
Desination device. During this state the 
<RSTCON> signal is generated to force the reset 
of the Connect Control SM and abandon the com
promised HIPPI Connection. This state is exited to 
the {DISCONO} state unconditionally on the next 
clock cycle. 

4.3 HOST DATA/FIFO SM EXTERNAL OUT
PUTS 

PKOUT PacKet OUT signal to the Destination Host 
system. A '1' on this signal indicates the detection 
and sychronization of an asserted PKT signal from 5 the HIPPI channel. A 'O' indicates the end of a 
HIPPI Packet. 

BROUT BuRst OUT stignal to the Destination Host 
system. A '1' on this signal indicates the detection 
and synchronization of an asserted BAST signal 
from the HIPPI channel. A 'O' indicats a deasserted 
BAST signal. 

DTVAL DaTa VAlid signal to the Destination Host 
system. This signal is at a '1' when new data or 
status is available on the data outputs of the Desti
nation device. This signal is at 'O' in the {IDLE}, 
{IBSTGP}, and {PKTNBST} states. 

SELB0-2 SELect Bus 0, 1, 2 signals' to the Destination 
Host system. These signals are intended to be the 
primary addressing delimiters of the various status 
and data words presented at the data outputs of 
the Destination device. The functions of these sig
nals are described in the S2020/S2021 Preliminary 
Device Specification. 
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Figure A-1. Source Flow Diagram 
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Figure A-1. Source Flow Diagram (continued) 
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Figure A-2. Destination Flow Diagram 
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Figure A-2. Destination Flow Diagram (continued) 
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SELECT = 2: HIPPI BURST LLRC WORD 
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SELECT 4: SEQUENCE ERROR STATUS 
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AMC::C:: 
SINGLE-CHIP, GENERAL PURPOSE TARGET INTERFACE TO PCI BUS S5920 

Features 

• Full 132 Mbytes/sec Transfer Rate 
• PCI Bus Operation to 33 MHz 
• PCI 2.2 Compliant Target/Slav€) Device 
• Sync/Async Add-On™ Bus to 40 MHz 
• Programmable Prefetch and Wait States 
• 8/16/32 Bit Add-On™ Bus 
• Four Definable Pass-Thru™ Regions 
• 32 Byte Burstable PCI FIFO 
• 32 Byte Burstable Add-On™ Bus FIFO 
• Active/Passive Add-On™ Bus Operation 
• Mail Box Registers/w Byte Level Status 
• Direct Mail Box Data Strobe/Int Pin 
• Mail Box Read/Write Interrupts 
• Direct PCI & Add-On™ Interrupt Pins 
• Plug-N-Play Compatible 
• 12C Compatible Serial Bus 
• Optional External BIOS Serial nvRAM 
• 160 Pin PQFP 

Preliminary 

Figure 1. 55920 Block Diagram 

Introduction 

The AMCC S5920 was developed to provide the 
designer with a single multi-function device offering 
a flexible and easy way to connect to the PCI Bus. 
By using the S5920, the designer eliminates the task 
of assuring PCI bus specification compliance and 
the necessity to understand PCI Bus timing 
requirements when interfacing a new application. 

The complex PCI bus signals are converted through 
the S5920 into an easy-to-use 8/16/32 bit user bus 
referred to as the user Add-On™ Bus. The Add-On 
Bus allows both synchronous and asynchronous 
user designs to 40 MHz. 

Since the S5920 is a PCI Target/Slave device only, 
it's cost is significantly less than other PCI Bus 
Master solutions. The S5920 is PCI 2.2 compliant 
and can support data transfer rates up to 132 
Mbytes/sec. Burst transfers and single data transfers 
are both supported. Figure 1 shows an overall block 
diagram of the S5920. 
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Many additional 55920 features offer the user easier 
hardware and software implementation. Up to four 
memory or 1/0 size definable blocks, referred to as 
Pass-Thru™ regions, are provided for multiple 
process data transfers. Data transfers via a Pass
Thru region can be performed either direct to the 
Add-On bus or through two 32 byte burstable FIFOs. 
Added read prefetch and programmable FIFO wait 
state features allow the user to tune system 
performance. The Pass-Thru data channel also 
supports an active/passive mode bus interface. 
Passive mode requires the designer to transfer data 
by externally driving the Add-On Bus. Active mode 
minimizes design components by driving or 
acquiring the Add-On Bus to read or write data 
independently. Active mode also provides read 
prefetch capability and programmable wait state 
generation for slower Add-On designs. 

Two 32 bit mailbox registers are implemented for 
additional data or user defined status/command 
transfers. Each mailbox may be examined for empty 
or full, at the byte level, through a mailbox status 
register. Mailbox transfers can be either register 
style or hardware direct. Dedicated external mailbox 
data and strobe pins are provided for direct 
hardware read/writes and allow Add-On to PCI 
interrupt capabilities. An individual Add-On interrupt 
pin is incorporated for ISA application conversion. 

The S5920 supports an optional 12C compatible 
serial nvRAM. This option allows the designer to 
customize the device configuration to be loaded 
during power-up initialization. An expansion BIOS 
may also be contained in the nvRAM. The 
implementation of an 12C compatible interface allows 
the designer to connect and communicate with other 
12c devices. 

S5920 Register Architecture 

S5920 communications, control and configuration is 
performed through three primary groups of registers; 
PC_I Configuration Registers, PCI Operation 
Registers and Add-On Operation Registers. All of 
these registers are user configurable through their 
associated buses and from the external nvRAM. The 
following sections provide a brief overview of each 
register group and the nvRAM interface. 

PCI Configuration Registers 

All PCI compliant devices are required to provide a 
group of PCI configuration registers. These registers 
are polled by the host BIOS system during power-up 
initialization. They contairi specific device and 

6-4 

product information such as Vendor ID, Device ID, 
Subsystem Vendor ID, memory requirements, etc. 
These registers are located in the S5920 and are 
either initialized with predefined default values or 
user customized values contained in the optional 
external nvRAM. 

PCI Operation Registers 

The second group of registers are the PCI Operation 
Registers. This group of registers is accessible to 
the PCI Bus. These are the primary registers 
through which the PCI Host configures the 55920 
operation and communicates with the Add-On Bus. 
These registers encompass the PCI bus mailboxes, 
Pass-Thru/FIFO registers and Status/Control 
registers. 

Add-On Operation Registers 

The last register group consists of the Add-On 
Operation Registers. This group of registers is 
accessible via the Add-On Bus. These are the 
primary registers through which the Add-On 
application configures S5920 operation and 
communicates with the PCI Bus. These registers 
encompass the Add-On bus mailboxes, Pass
Thru/Fl FO Registers and Status/Control Registers. 

Serial Non-Volatile Interface 

Previously indicated, the 55920 contains the 
required set of PCI Configuration Registers. These 
registers can be initialized with default values or with 
customized values contained in an external nvRAM. 
The optional nvRAM allows the Add-On card 
manufacturer to initialize the S5920 with his specific 
Vendor ID values along with other desired S5920 
operation characteristics. This interface also 
contains a compatible subset of the 12C protocol 
allowing communication with other 12C devices. 

Mailbox Operation 

The mailbox registers are divided into two 4 byte 
sets. Each set is dedicated to one bus for data 
transfer to the other bus. Figure 1-2 shows a block 
diagram of the mailbox section of the S5920. The 
provision of mailbox registers provides data or user 
defined command/status transfer capability between 
two buses. An empty/full indication for each mailbox 
register, at the byte level, is determined by polling a 
status register accessible to both the PCI and Add
On buses. Providing mailbox byte level full 
indications allows greater flexibility in an 8, 16 or 32 
bit designs; i.e. transferring a single byte in B bit 

Applied Micro Circuits Corporation 
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Add-On bus without requmng the assembly or 
disassembly of 32 bit data. 

A mailbox byte level interrupt generation feature for 
PCI or Add-On buses is provided. Bit locations 
configured within the $5920 operation registers 
select the mailbox and mailbox byte which is to 
generate an interrupt when written. An additional 

Figure 2. Mailbox Block Diagram 

32 

"' 

enable bit is set to select if the interrupt is polled only 
or is to be generated on the PCI or Add-On buses. 
PCI Bus interrupts may also be generated from 
direct hardware interfacing due to a unique 55920 
feature. The Add-On mailbox is hardware accessible 
via a set of dedicated device pins. A single load 
pulse latches data into the mailbox generating an 
interrupt if enabled. 

32 
"' :J 
al 
z 
0 PCI :J Mailbox Status 6 al Decode 

(3 Control o._ 

32 

Pass-Thru Operation 

Pass-Thru region accesses can execute PCI bus 
cycles in real time or through an internal FIFO. Real 
time operation allows the PCI bus to directly read or 
write to Add-On Bus resources. The 55920 allows 
the designer to declare up to individual four Pass
Thru regions. Each region may be defined as 8, 16 
or 32 bits wide, mapped into memory or 1/0 system 
space and may be up to 512 MB (memory, 256 
Bytes 1/0) in size. 

Host communications to the Pass-Thru data channel 
utilizes dedicated Add-On Bus pins to signal that a 
PCI read or write has been requested. User logic 
decodes these signals to determine if it must read or 
write data to the 55920 to satisfy the request. 
Information decoded includes: PCI request 
occurring, the byte lanes involved, the specific Pass
Thru region accessed and if the request is a burst or 
single cycle access. All requested Pass-Thru 

Applied Micro Circuits Corporation 
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Register 0 
<t: 
N 

~ 
(Xj 

addresses and data information is passed via Add
On operation registers. 

Pass-Thru operation supports single PCI data cycles 
and PCI data bursts. During PCI burst operations, 
the 85920 is capable of transferring data at the full 
PCI bandwidth. Should slower Add-On logic be 
implemented, the 85920 automatically issues PCI 
bus retries until the requested transfer is completed. 

To increase data throughput, the Pass-Thru channel 
incorporates two 32 byte FIFOs. One FIFO is 
dedicated to PCI read data while the other to PCI 
write data. Enabling the write FIFO allows the 55920 
to accept zero wait state bursts from the PCI bus 
regardless of the Add-On bus application design 
speed. 

Enabling the read FIFO allows data to be optionally 
prefetched from the Add-On Bus. This can greatly 
improve performance of slow Add-On bus 
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Figure 3. Pass-Thru Block Diagram 

32 Endian 32 Byte 
Pass-Thru Register 

Conv. FIFO 

32 

"' PCI Add-On :::J 
CD Decode Status/CTRL Register Decode 
5 
IL Control 

3 

32 Byte En di an 
FIFO Conv. 

designs. PCI read cycles can be performed with zero 
wait states since data has been prefetched into the 
FIFO. Either of the write/read FIFOs can be disabled 
or enabled to tune system performance. 

The Add-On bus can be operated in two different 
modes: active or passive. The passive mode of 
operation mimics that of the S5933 Add-On bus 
operation. The user design drives S5920 pins to 
read or write data. In active mode, the Add-On Bus 
is driven from an S5920 internal state machine. This 
reduces component count in cost sensitive designs. 
Active mode also incorporates programmable wait 
states from o to 7. 
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INTRODUCTION 

Today's PCI (Peripheral Component Interconnect) 
bus standard is rapidly becoming adopted as the 
standard interconnect protocol for many system archi
tectures. Intel, Power PC and DEC Alpha, to name a 
few, have now begun seeking single chip solutions 
to support the PCI Local bus for their new system 
architectures. 

Locating a single chip PCI bus interface solution is 
by no means a trivial task. There are a number of 
standard devices available today to translate PCI to 
SCSI, PCI to PCMCIA, etc. However, there is a con
spicuous absence of general-purpose PCI solutions. 
Especially for the add-in board designer with an 
8051, 68000, 80960 or a PC peripheral device or a 
DSP. A general solution is required to interface 
these devices to the PCI Local bus. 

Figure 1. 55933 Block Diagram 

For this reason, Applied Micro Circuits Corporation 
(AMCC), a leader in single chip solutions, has devel
oped and produced the 'PCI Matchmaker'. The 
Matchmaker, or S5933, is an off-the-shelf, low-cost, 
standard product which is PCI 2.1 compliant. And, 
since AMCC is a member of the PCI Special Interest 
Group, the S5933 has been tested in "compliance 
workshops" along with other manufacturer's PCI sys
tems, chipsets and BIOSs. This removes the burden 
of compliance testing from the designer and thus 
significantly reduces development time. Utilizing the 
S5933 allows the designer to focus on his or her 
actual application, not debugging the PCI interface. 

The AMCC S5933 PCI Matchmaker offers the de
signer an extremely flexible multi-function interface 
to the PCI Local bus. This generic interface, referred 
to as the ADD-ON Local bus, simplifies designs by 
converting complex PCI Local bus signals into an 
easy user interface. See the S5933 block diagram. 
The Matchmaker can perform as a PCI Bus Master, 
Target/Slave or both at up to the 132M bytes/sec PCI 6 bandwidth specification. Data may also be trans-
ferred in Single byte, Burst or OMA modes under the 
PCI 'FAST DEVICE' classification. 
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The Matchmaker allows special direct data accessing 
between the PCI Local bus and the ADD-ON Local 
bus through implementation of definable Pass-Thru 
regions. Each region can define separate memory 
area sizes and ADD-ON Local bus width for the 
area. This permits custom PCI Local bus to user 
ADD-ON Local bus application interfaces. The addition 
of 32-bit (DWORD) FIFOs, which also can be used in 
Bus Mastering applications, provides further versatility 
to data transfer capabilities. FIFO OMA transfers are 
supported through the use of Address and Transfer 
Count Registers. Four 32-bit Mailbox Registers 
coupled with a Status Register and extensive interrupt 
capabilities provide flexible user command or message 
transfers between the two buses. In addition, the 
S5933 also allows use of an external serial or byte 
wide NVRAM to perform any pre-boot initialization 
requirements and to also provide custom expansion 
BIOS capability. 

55933 REGISTER ARCHITECTURE 

Control and configuration of the ADD-ON Local bus 
and the Matchmaker itself is performed through 
three primary groups of registers. These groups con
sist of PCI Configuration Registers, PCI Operation 
Registers and ADD-ON Operation Registers. All 
these registers are user configurable through their 
associated bus or from an external NVRAM. This 
section will provide a brief overview of each of these 
register groups and the optional NVRAM interface. 

PCI Configuration Registers. All PCI compliant de
vices are required to provide a group of Configura
tion Registers for the host system. These registers 
are polled during power-up initialization and contain 
specific device and product information including 
Vendor ID, Device ID, Revision and the amount of 
memory required for product operation. The S5933 
can either load these registers with default values or 
initialize them from an NVRAM area called 'Configu
ration Space'. The S5933 provides a total of 256 
bytes of memory for this purpose. The first 64 bytes 
(or header) is reserved for user data to be loaded 
into the Configuration Registers during initialization. 
The remaining 192 bytes are currently not defined 
and are device-specific. 

6-8 

PCI Operation Registers. The second group of reg
isters are the PCI Operation Registers. This group 
consists of sixteen 32-bit (DWORD) registers acces
sible to the PCI Local bus. These are the main regis
ters through which the PCI Host configures S5933 
operation and communicates with the ADD-ON Local 
bus. These registers encompass the PCI bus Mail
boxes, PCI FIFO, OMA Address/Count registers, 
Pass-Thru registers and Status/Control registers. 

ADD-ON Operation Registers. The third and last 
register group consists of the ADD-ON Operation 
Registers. This group of sixteen 32-bit (DWORD) 
registers is accessible to the ADD-ON Local bus. 
These are the main registers through which the 
ADD-ON logic configures S5933 operation and com
municates with the PCI Local bus. These registers 
encompass the ADD-ON bus Mailboxes, ADD-ON 
FIFO, OMA Address/Count Registers (when ADD
ON initiated Bus Mastering), Pass-Thru Registers 
and Status/Control registers. 

Non-Volatile Memory Interface. As previously indi
cated, the S5933 contains the required set of PCI 
Configuration Registers. These registers can be ini
tialized with default values or with designer specified 
values contained in an external NVRAM. The 
NVRAM can be either a serial (2 Kbytes, maximum) 
or a byte-wide device (64 Kbytes, maximum). The 
optional NVRAM allows the ADD-ON card manufac
turer to initialize the S5933 with his specific Vendor 
ID and Device ID numbers along with desired S5933 
operation characteristics. The nonvolatile memory 
feature also provides for the Expansion BIOS option 
on the PCI bus. 
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$5933 OPERATION 

Now that the three basic groups of registers have 
been described, this section describes the device 
operation and utilization of registers within the 
groups. 

Mailbox Operation 

The Mailbox Registers are divided into two 4 
DWORD sets. Each set is dedicated to one bus for 
transferring data to the other bus. The provision of 
Mailbox Registers provides an easy path for the 
transfer of user information between the two asyn
chronous buses. An empty or full indication for each 
Mailbox Register, at the byte level, is determined by 
polling a Status Register accessible to both the PCI 
and ADD-ON buses. Providing Mailbox byte level 
empty/full indications allows for greater flexibility in 
8, 16 or 32 bit system interfaces. i.e. transferring a 
single byte to an 8 bit ADD-ON bus without requiring 
the assembling or disassembling of 32-bit data. 

Figure 2. Mailbox Block Diagram 

The generation of interrupts from Mailbox Registers 
is equivalent with the commonly known 'DOORBELL' 
interrupt technique. Bit locations configured within 
the S5933 Operation Registers select the Mailbox 
and Mailbox byte which is to generate an interrupt 
when full. An enable bit is then set to select if the 
interrupt is to be generated to the PCI or ADD-ON 
bus. PCI Local bus interrupts may also be generated 
from direct hardware interfacing due to a unique 
AMCC feature. Mailbox 4, byte 3 of the S5933 is 
hardware accessible via a set of multiplexed device 
pins. A single load clock latches ADD-ON bus data 
into the Mailbox initiating a PCI bus interrupt. 
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Pass-Thru Operation 

Pass-Thru operation executes real-time or 'live' PCI 
bus to ADD-ON bus cycles. This allows the PCI bus to 
directly read or write to ADD-ON resources. The 55933 
allows the designer to declare up to four individual 
Pass-Thru Regions. Each region may be defined as 8, 
16, or 32 bits wide, mapped into host memory or 1/0 
space and may be up to 512MB in size. 

Pass-Thru operations are performed in PCI target 
only mode, making this mode useful for converting 
existing ISA or EISA designs over to the fast PCI 
architecture. Pass-Thru utilizes 55933 ADD-ON bus 
signals to reflect that a PCI bus read or write is re
quested. ADD-ON logic decodes these signals to de
termine if it must read or write data to the 55933 to 
satisfy the request. Information decoded includes 
PCI request occurring, the byte lanes involved, the 
specific Pass-Thru region accessed and if the re
quest is a burst or single cycle access. All requested 
Pass-Thru address and data information is passed 
via ADD-ON Operation Registers. 

Pass-Thru operation supports single PCI data cycles 
and PCI data bursts. During PCI burst operations, 
the 55933 is capable of transferring data at the full . 
PCI bandwidth. Should slower ADD-ON logic be 
implemented, the 55933 automatically issues PCI 
bus waits until the requested transfer is satisfied. 

Figure 3. Pass-Thru Block Diagram 

FIFO PCI Bus Mastering Operation 

FIFO PCI Bus Master data transfers are processed 
by one of two 8 DWORD FIFOs. The particular FIFO 
selected for a data transfer is dependent only on the 
direction of data flow and is completely transparent 
to the user. Internal 55933 decode logic selects the 
FIFO that is dedicated to transferring data to the 
other bus. 

The particular way in which data is transferred by a 
FIFO is determined by Configurations Registers con
tained within the 55933. A FIFO may be configured 
for operation as a PCI Target (non-bursting) or PCI 
Bus Master (burst capable) with programmable ad
vance conditions, read/write priorities and bus 
widths. Advance conditions allow the FIFO to imple
ment 8 or 16-bit bus widths. Configuring the 55933 
for PCI Bus Master operation utilizes separate ad
dress and data count registers which are loaded with 
the address location and number of bytes to be 
transferred. This may be accomplished by either the 
Host CPU or ADD-ON. Data can then be transferred 
between the two buses through direct memory ac
cesses (OMA). This is performed transparent to the 
PCI Host processor however, the ADD-ON logic is 
required to service the 55933 ADD-ON Local bus. 
An indication of transfer completion can be seen by 
polling a status register done bit or enabling a 'trans
fer count = O' interrupt to either bus. 
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Further FIFO configuration bits select 16, 32, or 64-bit 
Endian conversion options for incoming and outgoing 
data. Endian conversion allows an ADD-ON proces
sor and the host to transfer data in their native endian 
format. Other configuration bits determine if the ADD
ON Local bus width is 8, 16 or 32 bits. 16-bit bus 
configurations internally steer FIFO data to the upper 
16 bits of the DWORD and then to the lower 16-bits 
on alternate accesses. FIFO pointers are then up
dated when appropriate bytes are accessed. Other 
methods are available for 8-bit or 16-bit ADD-ONs. 

Efficient FIFO management configuration schemes 
unique to the AMCC 55933 specify how full or empty 
a FIFO must be before it requests the PCI Local bus. 
These criteria include bus requests when any of the 
8 DWORDs are empty, or when four or more 
DWORDs are empty. This allows the designer to 
control how often the 55933 requests the bus. The 
55933 always attempts to perform burst operations 
to empty or fill the FIFOs. 

Further FIFO capabilities over the standard register 
access methods allow for direct hardware FIFO ac
cess. This is provided through separate access pins 
on the 55933. Other status output pins allow for cas
cading external FIFOs easily to the ADD-ON design. 

Figure 4. FIFO Block Diagram 
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SUMMARY 

Because the PCI bus applies to numerous system 
architectures, it allows a single add-in card hardware 
design to be created for multiple platforms. The PCI 
standard also provides the bandwidth required for 
many new, high-performance applications. 

The AMCC 55933 provides a flexible, low-cost, com
pliant interface to the PCI bus. The architecture of 
the 55933 makes it an excellent choice for cards 
being converted from the 15A/E15A standard, as well 
as newer applications requiring high data rates and 
bus mastering capabilities. These applications include 
frame grabbers, workstation graphics, satellite re
ceivers, modems, 15DN/FDDl/ATM communications 
and 1/0 interfaces. The 55933 allows the hardware 
developer to focus on the actual application develop
ment rather than debugging the PCI bus interface 
logic. This significantly shortens design cycles and 
decreases development costs. For detailed information 
concerning the 55933, call 800-677-7716 and ask 
for your local Insight Distributor salesmen or techni
cal support person. 
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AMCC® 
PCI MATCHMAKER CONTROLLER DEVELOPER'S KIT S5933DK1 

Developer's Kit Includes: 

• PCI Revision 2.1 compliant circuit board with an 
S5933 controller, two 22V1 o PLDs, one byte
wide FLASH memory and serial nvRAM 

• Two breadboard "daughter cards" with 
connectors 

• One ISA "loopback" card with ribbon cable 

• Developer's Kit Technical Reference Manual 
including PLO equations and board schematics 

• S5933 PCI Controller data book 

General Description 

The S5933DK1 PCI Controller Developer's Kit pro
vides a proven reference platform for use in 
prototyping applications. The kit has a modular de
sign that allows hardware "breadboarding• as well as 
general evaluation of the S5933 PCI Matchmaker 
Controller. Diagnostic and development utility soft
ware is included to help reduce time-to-market for 
both new and existing applications. 

The S5933 demonstration board consists of a Revi
sion 2.1 PCI Specification compliant edge connector 
and an S5933 device packaged in a 160-pin plastic 
quad flat pack (PQFP). In addition, two 
preprogrammed 22V1 O Programmable Logic De
vices (PLD's) are provided to generate user bus tim
ing signals. Both preprogrammed serial and 
byte-wide nvRAMs are included and may be repro
grammed by the user. 

Via on-board connectors, the S5933 board can be 
interfaced to either of two breadboard daughter 
cards that are included in the kit. Each daughter card 
has a PLO socket along with 3 x 4 inch wire wrap 
area. Alternatively, the evaluation board can be in
terfaced with the ISA loopback card provided. The 
ISA card consists of a standard edge connector and 
a ribbon cable which connects to the S5933 evalua
tion board. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

The ISA card allows the user to "emulate" an Add
On processor using either the host system or a sec
ond PC. The loopback feature provides direct access 
to the S5933's Add-On bus, enabling the user to 
pass commands and data through the S5933 to the 
PCI bus. The breadboard area provided by the ISA 
card allows for customized functionality. Software 
developers' tools included with the kit allow the user 
to exercise various configurations and controller reg
isters using a DOS interface, AMCCDIAG, a diag
nostic program which also verifies the integrity of the 
S5933 data. The NV Build program assists in the in
system programming of the external nonvolatile 
memory to implement application-specific configura
tions. 

A user's manual and full design documentation com
plete the kit. 

AMCC has a broad line of components that simplify 
high-speed data interfaces for PCI, SONET/ATM, 
and Fibre Channel/Gigabit Ethernet applications. For 
more information, call us toll-free at 1-800-755-
AMCC, Fax 619-450-9885, or visit our website at 
http://www.amcc.com. Applied Micro Circuits Corpo
ration, 6195 Lusk Blvd., San Diego, CA 92121. 
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DEVICE SPECIFICATION AMCC® 
SONET/SDH OC-3/12 TRANSMITTER AND RECEIVER S3005/S3006 

FEATURES 
• Complies with ANSI, Bellcore, and ITU-T 

specifications 
• On-chip high-frequency PLL for clock 

generation and clock recovery 
• Supports 139.264 Mbit/s (E4), 155.52 Mbit/s 

(OC-3), and 622.08 Mbit/s (OC-12) 
transmission rates 

• Supports 139.264 Mbit/s and 155.52 Mbit/s 
Code Mark Inversion (CMI) interfaces 

• Selectable reference frequencies of 19.44, 
38.88, 51 .84, and 77. 76 MHz (OC-3/12) and 
17.408, 34.816, 46.421, and 69.632 MHz(E4) 

• Interface to both ECL and TTL logic 
• 8-bit TTUCMOS datapath 
• Bypass mode for off-chip clocking 
• Local and line loopback mode 
• Lock detect 
• Low jitter ECL interface 
• Low power 
• 80 PQFP or 68 LDCC package 

APPLICATIONS 
• SONET/SDH or E4-based transmission systems 
• SONET/SDH or E4 modules 
• SONET/SDH or E4 test equipment 
• ATM over SONET 
• Section repeaters 
• Add drop multiplexors 
• Broadband cross-connects 
• Fiber optic terminators 
• Fiber optic test equipment 

Figure 1. System Block Diagram 

Transmit 
Overhead 
Processor 
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GENERAL DESCRIPTION 

The S3005/S3006 Synchronous Electrical Transmit 
Interface, SETI, and Synchronous Electrical Receive 
Interface, SERI, SONET/SDH and E4 transmitter 
and receiver chips are the first fully integrated serial
ization/deserialization interface devices covering E4 
(139.264 Mbit/s), SONET OC-3 (155.52 Mbit/s) and 
SONET OC-12 (622.08 Mbit/s). With architecture de
veloped by PMC-Sierra, the chipset performs all 
necessary serial-to-parallel and parallel-to-serial 
functions in conformance with SONET/SDH and E4 
transmissions standards. Figure 1 shows a typical 
network application. 

On-chip clock synthesis is performed by the high
frequency phase-locked loop on the S3005 SETI 
transmitter chip allowing the use of a slower external 
transmit clock reference. Clock recovery is per
formed on the 83006 SERI receiver chip by 
synchronizing its on-chip VCO directly to the incom
ing data stream. The S3006 also performs SONET/ 
SDH frame detection. The chipset can be used with 
19.44, 38.88, 51.84, and 77.76 MHz reference 
clocks when operated in the SONET/SDH OC-3 or 
OC-12 modes. In the E4 mode the chipset can be 
operated with 17.408, 34.816, and 69.632 MHz ref-
erence clocks in support of existing system clocking 7 schemes. On-chip code-mark-inversion (CMI) encod-
ing and decoding is provided for 139.264 Mbit/s and 
155.52 Mbit/s interfaces. If desired, both clock gen-
eration and recovery can be bypassed, allowing the 
use of externally generated and recovered clocks. 

The very low jitter ECL interface guarantees compli-
ance with the bit-error rate requirements of the 
Bellcore, ANSI, and ITU-T standards. The 83005/ 
83006 SETI and SERI chipset is packaged in a 50 
mil pitch, 68-pin LDCC or 25 mil pitch, 80 PQFP 
package, offering designers a small package outline. 

Receive 
Overhead 
Processor 
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53005/53006 SONET/SDH OC-3/12 TRANSMITTER AND RECEIVER 

SONET OVERVIEW 

Synchronous Optical Network (SONET) is a stan
dard for connecting one fiber system to another at 
the optical level. SONET, together with the Synchro
nous Digital Hierarchy (SDH) administered by the 
ITU-T, forms a single international standard for fiber 
interconnect between telephone networks of differ
ent countries. SONET is capable of accommodating 
a variety of transmission rates and applications. 

The SONET standard is a layered protocol with four 
separate layers defined. These are: 

• Photonic 
•Section 
•Line 
•Path 

Figure 2 shows the layers and their functions. Each 
of the layers has overhead bandwidth dedicated to 
administration and maintenance. The photonic layer 
simply handles the conversion from electrical to optical 
and back with no overhead. It is responsible for 
transmitting the electrical signals in optical form over the 
physical media. The section layer handles the transport 
of the framed electrical signals across the optical 
cable from one end to the next. Key functions of this 
layer are framing, scrambling, and error monitoring. 
The line layer is responsible for the reliable transmis
sion of the path layer information stream carrying 
voice, data, and video signals. Its main functions are 
synchronization, multiplexing, and reliable transport. 
The path layer is responsible for the actual transport 
of services at the appropriate signaling rates. 

Data Rates and Signal Hierarchy 

Table 1 contains the data rates and signal designations 
of the SONET hierarchy. The lowest level is the basic 
SONET signal referred to as the synchronous transport 
signal level-1 (STS-1). An STS-N signal is made up of 
N byte-interleaved STS-1 signals. The optical counter
part of each STS-N signal is an optical carrier level-N 
signal (OC-N). The S3005/S3006 chipset supports OC-3 
rates (155.52 Mbit/s) and OC-12 (622.08 Mbit/s) rates. 

Frame and Byte Boundary Detection 

The SONET/SDH fundamental frame format for STS-3 
consists of nine transport overhead bytes followed by 
Synchronous Payload Envelope (SPE) bytes. This 
pattern of 9 overhead and 261 SPE bytes is repeated 
nine times in each frame. Frame and byte boundaries 
are detected using the A 1 and A2 bytes found in the 
transport overhead. (See Figure 3) 

For more details on SONET operations, refer to the 
ANSI SONET standard document. 
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Figure 2. SONET Structure 
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SONET/SDH OC-3/12 TRANSMITTER AND RECEIVER 53005/53006 

$3005/$3006 OVERVIEW 

The S3005 SETI and S3006 SERI implement 
SONET/SDH serialization/deserialization, transmission, 
and frame detection/recovery functions. The block 
diagrams in Figures 4 and 5 show basic operation of 
both chips. These chips can be used to implement the 
front end of SONET equipment, which consists primarily 
of the serial transmit interface (S3005) and the serial 
receive interface (S3006). The chipset handles all 
the functions of these two elements, including paral
lel-to-serial and serial-to-parallel conversion, clock 
generation and recovery, and system timing, which 
includes management of the datastream, framing, and 
clock distribution throughout the front end. 

Operation of the S3005/S3006 chips is straightfor
ward. The sequence of operations is as follows: 

Transmitter 
1 . 8-bit parallel input 
2. Parallel-to-serial conversion 
3. CMI encoding (optional) 
4. Serial output 

Receiver 
1 . Clock and data recovery from serial input 
2. CMI decoding (optional) 
3. Frame detection 
4. Serial-to-parallel conversion 
5. 8-bit parallel output 

Internal clocking and control functions are transpar
ent to the user. Details of data timing can be seen in 
Figures 1 o through 18. On-chip clock generation can 
be bypassed and an externally generated clock used 
in its place, providing an additional measure of 
design flexibility. 

A lock detect feature is provided on both chips. 

Suggested Interface Devices 

PMCPM5345 SUNI Saturn User Network Interface 

PMC PM5355 SUNl-622 Saturn User Network Interface 

IGTWAC-013-A SONET LAN ATM Processor 

Fujitsu MB86683B NTC Network Termination Controller 

PMC PM5301 SSTX Section Terminating Transceiver 

PMC PM5312 STTX Tran!!e.orl Terminating Transceiver 

AT&T ASTROTEC1227/1230 650Mbitls Fiber Optic Transmitter 

Mitsubishi MF-622DF-T12-XXX 622Mbitls Fiber ~tic Transmitter 

AT&T ASTROTEC 1310 650 Mbitls Fiber Optic Receiver 

Mitsubishi MF-622DS-R1X-XXX 622 Mbit/s Fiber Optic Receiver 

Figure 4. SONET!SDH Transmitter Functional Block Diagram 
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S3005 TRANSMITTER FUNCTIONAL 
DESCRIPTION 

The S3005 SETI transmitter chip performs the serial
izing stage in the processing of a transmit SONET 
STS-12, STS-3, or ITU-T E4 bit serial data stream. It 
converts the byte serial data stream to bit serial for
mat at 622.08, 155.52, or 139.264 Mbit/s depending 
on the control settings and reference frequency pro
vided by the user. A Coded-Mark-Inversion (CMI) is 
available for use during 155.52 Mbit/s STS-3 (electri
cal) and 139.264 Mbit/s E4 operational modes. (See 
Other Operating Modes.) 

A high-frequency bit clock can be generated from a 
variety of lower frequency references by using the 
integral frequency synthesizer consisting of a phase
locked loop circuit with an adjustable divider in the loop. 

For applications that provide a high-frequency bit 
clock externally, the internal synthesizer may be by
passed. Reference frequencies of 19.44 MHz, 38.88 
MHz, 51.84 MHz, or 77.76 MHz are selectable for 
SONET/SDH by the two reference select input pins. 
In E4 applications, these same pins can select the 
reference frequency from 17.408 MHz, 34.816 MHz, 
46.421 MHz, or 69.632 MHz. 

Loopback modes are provided for diagnostic 
loopback (transmitter to receiver), or line loopback 
(receiver to transmitter) when used with the compat
ible S3006. (See Other Operating Modes.) 

The operating mode is selected by three mode pro
gramming inputs to be 622.08 Mbit/s, 155.52 Mbit/s, 
155.52 Mbit/s with Coded-Mark-Inversion (CMI) en
coding, or 139.264 Mbit/s with CMI encoding. 

Figure 5. SONETISDH Receiver Functional Block Diagram 
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Clock Synthesizer 

The Clock Synthesizer, shown in the block diagram 
in Figure 4, is a monolithic PLL that generates the 
serial output clock phase synchronized with the input 
reference clock (REFCLK). There are three select
able output clock frequencies that are synthesizable 
from any of four selectable reference frequencies for 
SONET/SDH operation. 

The MODE[2:0] inputs select the output serial clock 
frequency to be 622.08 MHz for STS-12, 311.04 
MHz for CMl-encoded STS-3, 155.52 MHz for STS-
3, or 278.528 MHz for CMl-encoded E4. Their 
frequencies are selected as shown in Table 2. 

The REFSEL[1 :O] inputs in combination with the 
MODE[2:0] inputs select the ratio between the out
put clock frequency and the reference input 
frequency, as shown in Tables 3 and 4. This ratio is 
adjusted for each of the four modes so that the refer
ence frequency selected by the REFSEL[1 :OJ is the 
same for all modes. 

The REFCLK input must be generated from a differ
ential ECL crystal oscillator which has a frequency 
accuracy of better than 20 ppm in order for the 
TSCLK frequency to have the same accuracy re
quired for operation in a SONET system. 

In order to meet the .01 UI SONET jitter specifications, 
the maximum reference clock jitter must be guaran
teed over the 12KHz to 1 MHz bandwidth. For details 
of reference clock jitter requirements, see Table 5. 

The on-chip PLL consists of a phase detector, which 
compares the phase relationship between the VCO 
output and the REFCLK input, a loop filter which 
converts the phase detector output into a smooth DC 
voltage, and a VCO, whose frequency is varied by 
this voltage. 

The loop filter generates a VCO control voltage based 
on the average DC level of the phase discriminator 
output pulses. The loop filter's corner frequency is 
optimized to minimize output phase jitter. The loop 
filter capacitor is included on the package. 

Table 2. Clock Frequency Options 

MODE[2:0] OUTPUT CLOCK OPERATING 
FREQUENCY MODE 

100 622.08MHz STS-12 

001 311.04 MHz ST8-3CMI 

010 155.52 MHz ST8-3 

011 278.528MHz E4CMI 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

Timing Generator 

The Timing Generator function, seen in Figure 4, pro
vides two separate functions. It provides a byte rate 
version of the TSCLK, and a mechanism for aligning 
the phase between the incoming byte clock and the 
clock which loads the parallel-to-serial shift register. 

The PCLK output is a byte rate version of TSCLK. 
For STS-12, the PCLK frequency is 77.76 MHz, and 
for NAZ or CMI coded STS-3, its frequency is 19.44 
MHz. For CMI coded E4, its frequency is 17.408 
MHz. PCLK is intended for use as a byte speed clock 
for upstream multiplexing and overhead processing 
circuits. Using PCLK for upstream circuits will ensure 
a stable frequency and phase relationship between 
the data coming into and leaving the S3005 device. 

Table 3. Reference Frequency Options 

REFSEL REFERENCE CLOCK OPERATING 
[1:0] FREQUENCY MODE 

00 19.44 MHz STS-12,STS-3 

01 38.88 MHz STS-12 STS-3 

10 51.84 MHz STS-12 STS-3 

11 n.76MHz STs-12 

Table 4. E4CMI Reference Frequency Options 
REFSEL REFERENCE CLOCK OPERATING 

(1:0) FREQUENCY MODE 
00 17.408 MHz -
01 34.816 MHz -
10 46.421 MHz -
11 69.632 MHz -

Table 5. Reference Jitter Limits 

Maximum Reference Clock Jitter Operating 
in 12 KHz to 1 MHz Band Mode 

14 ps STS-12 

28 ps STS-3CMI 

56 ps STS-3 
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In the parallel-to-serial conversion process, the in
coming data is passed from the PICLK byte clock 
timing domain to the internally generated byte clock 
timing domain, which is phase aligned to TSCLK. 
Although the frequency of PICLK and the internally 
generated byte clock is the same, their phase rela
tionship is arbitrary. To prevent errors caused by 
short setup or hold times between the two timing 
domains, the timing generator circuitry monitors the 
phase relationship between PICLK and the internally 
generated byte clock. Should the magnitude of the 
phase difference be less than one bit period, and if 
the SYNC input is high, the timing block inverts the 
internal byte clock. 

Since the inversion of the internal byte clock will cor
rupt one byte of data, SYNC should be held low 
except when a phase correction is desired. When a 
timing domain phase difference of less than one bit 
period is detected, the Phase Alignment Event out
put (PAE) pulses high for one PCLK clock period. If 
the condition persists, PAE will remain high. When 
PAE conditions occur, SYNC should be activated un
til the condition is no longer present. 

The Timing Generator also produces a feedback ref
erence clock to the Clock Synthesizer (BYTCLKIP). 
A counter divides the synthesized clock down to the 
same frequency as the reference clock REFCLK. 
The PLL in the Clock Synthesizer maintains the sta
bility of the synthesized clock by comparing the 
phase of the BYTCLKIP clock with that of the refer
ence clock (REFCLK). The modulus of the counter is 
a function of the reference clock frequency and the 
operating frequency. 

Parallel-to-Serial Converter 

The Parallel-to-Serial converter shown in Figure 4 is 
comprised of two byte-wide registers. The first regis
ter latches the data from the PIN[7:0] bus on the 
rising edge of PICLK. The second register is a paral
lel loadable shift register which takes its parallel 
input from the first register. 

An internally generated byte clock, which is phase 
aligned to the transmit serial clock as described in 
the Timing Generator description, activates the par
allel data transfer between registers. In STS-12 and 
STS-3 NAZ modes, the serial data is shifted out of 
the second register at the TSCLK rate. In STS-3 
CMI and E4 CMI modes, the serial data shifts out at 
the TSCLK/2 rate to the CMI encoder. 

7-8 

S3006 RECEIVER FUNCTIONAL 
DESCRIPTION 

The S3006 SERI receiver chip provides the first 
stage of digital processing of a receive SONET STS-
12, STS-3, or ITU-T E4 bit serial stream. It converts 
the bit-serial 622.08, 155.52, or 139.264 Mbit/s data 
stream into 78 Mbyte/s, 19 Mbyte/s, or 17 Mbyte/s 
byte-serial data format depending on the control set
tings and reference frequency provided by the user. 
A Coded Mark Inversion (CMI) decoder can be en
abled during 155.52 Mbit/s and 139.264 Mbit/s 
operation for decoding STS-3 electrical and E4 sig
nals. These modes are selected by three input pins. 

Clock recovery is performed on the incoming 
scrambled NAZ or CMl-coded data stream. A refer
ence clock is required for phase locked loop start-up 
and .proper operation under loss of signal conditions. 
An integral prescaler and phase locked loop circuit is 
used to multiply this reference frequency to the 
nominal bit rate. Reference frequencies of 19.44 
MHz, 38.88 MHz, 51.84 MHz, or 77.76 MHz are se
lectable for SONET/SDH by the two reference select 
input pins. In E4 applications, these same pins can 
select the reference frequency from 17.408 MHz, 
34.816 MHz, 46.421 MHz, or 69.632 MHz. For appli
cations that provide a high-frequency bit clock 
externally, the internal synthesizer may be by
passed. (See Other Operating Modes.) 

A loopback mode is provided for diagnostic loopback 
(transmitter to receiver). Signal pins are provided to 
allow for line loopback (receiver to transmitter) when 
used with the compatible S3005 device. 

Clock Recovery 

The Clock Recovery function, as shown in the block 
diagram in Figure 5, generates a clock that is fre
quency matched to the incoming data baud rate at 
the RSD or OLD differential inputs. The clock is 
phase aligned by a PLL so that it samples the data 
in the center of the data eye pattern. 

The phase relationship between the edge transitions of 
the data and those of the generated clock are compared 
by a phase/frequency discriminator. Output pulses 
from the discriminator indicate the required direction 
of phase corrections. These pulses are smoothed by 
an integral loop filter. The output of the loop filter 
controls the frequency of the Voltage Controlled Os
cillator (VCO), which generates the recovered clock. 
Frequency stability without incoming data is guaran
teed by an alternate reference input (REFCLK) to 
which the PLL locks when data is lost. 

Applied Micro Circuits Corporation 
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The MODE[2:0J inputs select the recovered serial 
clock frequency to be 622.08 MHz for STS-12, 
311.04 MHz for CMl-encoded STS-3, 278.528 MHz 
for CMl-encoded E4, or 155.52 MHz for STS-3 NRZ. 
These frequencies are selected as shown in Table 2. 

The clock recovery circuit monitors the incoming 
data stream for loss of signal. If the incoming en
coded data stream has been low continuously for 
4000 to 8000 recovered clock cycles, loss of signal 
is declared and the PLL will switch from locking onto 
the incoming data to locking onto the reference 
clock. Alternatively, the loss-of-signal (LOS) input 
can be used to force a loss-of-signal condition. 
When active, LOS squelches the incoming data 
stream, and causes the PLL to switch its source of 
reference. Loss-of-signal condition is removed when 
LOS is inactive, and good data, with acceptable 
pulse density and run length, returns on the incoming 
data stream. 

When the test clock enable (TESTEN) input is set 
high, the clock recovery block is disabled. The reference 
clock (REFCLK) is used as the bit rate clock input in 
place of the recovered clock. The frequency of the 
REFCLK should be appropriate for the desired data 
rate. The reference selection inputs REFSEL[1 :OJ 
have no effect when TESTEN is set high. 

The loop filter transfer function is optimized to enable 
the PLL to track the jitter, yet tolerate the minimum 
transition density expected in a received SONET data 
signal. This transfer function yields a typical capture 
time of 32 µs for random incoming NRZ data. 

The total loop dynamics of the clock recovery PLL 
yield a jitter tolerance which meets, with ample margin, 
the minimum tolerance proposed for SONET equipment 
by the T1 X1 .6/91-022 document, shown in Figure 6. 

Figure 6. Clock Recovery Jitter Tolerance 
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Backup Reference Generator 

The Backup Reference Generator seen in Figure 5 
provides backup reference clock signals to the clock 
recovery block when the clock recovery block de
tects a loss of signal condition. It contains a counter 
that divides the clock output from the clock recovery 
block down to the same frequency as the reference 
clock REFCLK. The modulus of the counter is a 
function of the reference clock frequency and the 
operating frequency. The frequency of the reference 
clock is selected by the REFSEL[1 :OJ inputs, as 
shown in Tables 3 and 4. 

Frame and Byte Boundary Detection 

The Frame and Byte Boundary Detection circuitry 
searches the incoming data for three consecutive A 1 
bytes followed immediately by three consecutive A2 
bytes. This pattern occurs in both STS-3 and STS-12. 
Framing pattern detection is enabled and disabled 
by the out-of-frame (OOF) input. Detection is enabled 
by a rising edge on OOF, and remains enabled for 
the duration OOF is set high. It is disabled when a 
framing pattern is detected and OOF is no longer set 
high. When framing pattern detection is enabled, the 
framing pattern is used to locate byte and frame 
boundaries in the incoming data stream (RSD or 
OLD). The timing generator block takes the located • 
byte boundary and uses it to block the incoming data 
stream into bytes for output on the parallel output 
data bus (POUT[7:0]). The frame boundary is re-
ported on the frame pulse (FP) output when any 
48-bit pattern matching the framing pattern is de-
tected on the incoming data stream. When framing 
pattern detection is disabled, the byte boundary is 
frozen to the location found when detection was pre-
viously enabled. Only framing patterns aligned to the 
fixed byte boundary are indicated on the FP output. 

The probability that random data in an STS-3 or 
STS-12 stream will generate the 48-bit framing pattern 
is extremely small. It is highly improbable that a mimic 
pattern would occur within one frame of data. Therefore, 
the time to match the first frame pattern and to verify it 
with down-stream circuitry, at the next occurrence of 
the pattern, is expected to be less than the required 
250 µs, even for extremely high bit error rates. 

Once down-stream overhead circuitry has verified that 
frame and byte synchronization are correct, the OOF 
input can be set low to disable the frame search process 
from trying to synchronize to a mimic frame pattern. 
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The Frame and Byte boundary Detection function is 
not utilized in the E4 operating mode. It is recom
mended that the OOF input remain low at all times 
for E4 operation to avoid spurious realignment of the 
byte boundary, and the FP output should be ignored. 

Serial to Parallel Converter 

The Serial to Parallel . Converter consists of three 
8-bit registers. The first is a serial-in, parallel-out 
shift register, which performs serial to parallel con
version clocked by the clock generate,d by the clock 
recovery block. The second is an 8-bit internal hold
ing register, which transfers data from the serial to 
parallel register on byte boundaries as determined 
by the frame and byte boundary detection block. On 
the falling edge of the free running POCLK, the data 
in the holding register is transferred to an output 
holding register which drives POUT[7:0]. 

The delay through the Serial to Parallel converter can 
vary from 1.5 to 2.5 byte periods (12 to 20 serial bit 
periods) measured from the first bit of an incoming 
byte to the beginning of the parallel output of that byte. 
The variation in the delay is dependent on the alignment 
of the internal parallel load timing, which is synchro
nized to the data byte boundaries, with respect to 
the falling edge of POCLK, which is independent of 
the byte boundaries. The advantage of this serial to 
parallel converter is that POCLK is neither truncated 
nor extended during reframe sequences. 

Figure 7. CM/ Encoded Data 
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CMI Encoding and Decoding 

Coded Mark Inversion format (CMI) ensures at least 
one data transition per bit period, thus aiding the 
clock recovery process. Zeros are represented by a 
Low state for one half a bit period, followed by a 
High state for the rest of that bit period. Ones are 
represented by a steady Low or High state for a full 
bit period. The state of the ones bit period alter
nates at each occurrence of a one. Figure 7 shows 
an example of CMl-encoded data. The STS-3 elec
trical interface and the E4 interface are specified to 
have CMl-encoded data. 

The CMI encoder on the S3005 SETI accepts serial 
data from the Parallel-to-Serial converter block at 
one half the TSCLK rate. The data is then encoded 
into CMI format, and the result is shifted out into the 
output selection logic at the TSCLK rate (311.04 
MHz for STS-3 electrical, 278.528 MHz for E4). The 
MODE[2:0] inputs control whether the CMI encoder 
is in the data path. The encoder is only in the data 
path when the STS-3 CMI or the E4 CMI modes are 
selected. A single CMI violation can be inserted for 
diagnostic purposes by applying a low-to-high tran
sition on DLCV. This violation is either an inverted 
zero code or an inversion of the alternating ones 
logic level, depending on the state of the data. Sub
sequent one codes take into account the induced 
violation to avoid error multiplication. 

Figure 8. Loopback Diagram 
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The CMI decoder block on the S3006 SERI accepts 
serial data from the RSDP/N input at the TSCLK rate 
(311.04 MHz or 278.528 MHz). The data is then de
coded from CMI to NAZ format and converted from 
serial to parallel at one half the TSCLK rate. 

Note that in CMI operating mode, the data bit rate Is 
one half of the recovered clock rate. 

Diagnostic Loopback 

The Diagnostic Loopback path consists of alternate 
serial data outputs (in the case of the S3005) and 
inputs (in the case of the S3006). 

On the S3005, the differential ECL output OLD pro
vides Diagnostic Loopback serial data. When the 
Diagnostic Loopback Enable (DLEB) input is low, 
this data output is a replica of TSO. When OLD is 
connected to the S3006, a loopback from the trans
mitter to the receiver at the serial data rate can be 
set up for diagnostic purposes. When DLEB is high, 
OLD is held in the inactive state, with the positive 
output high and the negative output low. In the inac
tive state, there will be no interference from the 
transmitter to the receiver. The OLD outputs on the 
S3005 should be held inactive (DLEB high) when not 
in use to avoid potential crosstalk of the asynchro
nous OLD signals with the serial data signals. 

On the receiver side, the differential ECL input OLD 
is the Diagnostic Loopback serial data input. When 
the Diagnostic Loopback Enable (DLEB) input is set 
low, the OLD input is routed in place of the normal 
data stream (RSD). 

Table 6. Bypass Mode 

Line Loopback 

The Line Loopback circuitry consists of alternate 
clock and data output drivers. For the S3005, it selects 
the source of the data and clock which is output on TSO 
and TSCLK. When the Line Loopback Enable input 
(LLEB) is high, it selects data and clock from the Parallel 
to Serial Converter block or the CMI Encoder block. 
When LLEB is low, it forces the output data multiplexor 
to select data and clock from the LLD and LLCLK 
inputs. When these inputs are connected to the Line 
Loop Clock (LLCLK) and Line Loop Data (LLD) out
puts of a S3006 receiver, a receive-to-transmit 
loopback can be established at the serial data rate. 

Test and Bypass Modes 

The Test Clock Enable (TESTEN) inputs on both 
chips provide access to the PLL. 

The PLL-generated clock source on both the S3005 
and S3006 can be bypassed by setting TESTEN 
high. In this mode, an externally generated bit serial 
clock source must be applied at the REFCLK input. 
Table 6 lists the possible combinations allowed in 
bypass mode. 

TESTEN MODE[2:0] Reference Clock Frequency Serial Data Rate 
In ~~ass Mode .JM bit/~ 

0 xxx NonTial Operating Mode -
(See Table 2) 

1 100 622.08 622.08 

1 101 311.04 155.52 CMI 

1 101 278.528 139.264 CMI 

1 110 155.52 155.52 
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53005 Pin Assignment and Descriptions 

Pin Name Level VO Pin # 
(80 PQFP) 

PIN? TTL I 37 
PIN6 36 
PINS 33 
PIN4 32 
PIN3 31 
PIN2 30 
PIN1 29 
PINO 28 

PICLK TTL I 48 

TESTEN TTL I 6 

SYNC TTL I 50 

REFCLKP Diff. I 77 
REFCLKN ECL 75 

REFSEL1 TTL I 10 
REFSELO 11 

MODE2 TTL I 43 
MODE1 45 
MODEO 44 

LLDP Diff. I 64 
LLDN ECL 62 

LL CL KP Diff. I 68 
LLCLKN ECL 66 

7-12 

Pin # 
(68 LDCC) 

2 
3 
5 
8 
9 
10 
12 
14 

60 

31 

58 

36 
38 

28 
27 

66 
63 
65 

49 
51 

45 
47 

Description 

Parallel data input, a 77.76 Mbyte/s, 19.44 Mbyte/s, 
or 17.408 Mbyte/s word, aligned to the PICLK 
parallel input clock. PIN7 is the most significant bit 
(corresponding to bit 1 of each PCM word, the first 
bit transmitted). PINO is the least significant bit 
(corresponding to bit 8 of each PCM word, the last 
bit transmitted}. PIN(7-0) is sampled on the rising 
edge of PICLK. 

Parallel input clock, a 77. 76 MHz, 19.44 MHz, or 
17.408 MHz nominally 50% duty cycle input clock, 
to which PIN(7-0) is aligned. PICLK is used to 
transfer the data on the PIN inputs into a holding 
register in the parallel-to-serial converter. The rising 
edge of PICLK samples PIN(7-0). 

Test clock enable signal, set high to provide access 
to the PLL during production tests. (See Table 6.) 

Active high synchronization enable input that 
enables the timing generator to invert the internal 
byte transfer clock if transfers from the PIN(7-0) 
input holding register are occurring less than one bit 
period before or after clocking new data into the 
holding register. The SYNC pin is an asynchronous 
input. 

Inputs used as the reference for the internal bit clock 
frequency synthesizer, or used as an externally 
provided bit clock. (See Tables 3 and 4.) 

Inputs used to select the reference frequency for the 
internal clock synthesizer. (See Tables 3 and 4.) 

Inputs used to select the operating mode of the 
device as 622.08 Mbit/s (STS-12); 155.52 Mbit/s 
(STS-3); 155.52 Mbit/s CMI (STS-3 electrical); or 
139.764 Mbit/s (E4 CMI}. (See Table 2.) 

Line loopback data inputs normally provided from a 
companion S3006 device. Used to implement a line 
loopback, in which the received bit serial data and 
clock signals are regenerated and passed through 
the S3005 transmitter. An internal 100-0 resistor 
terminates LLDP to LLDN. 

Line loopback clock inputs normally provided from a 
companion S3006 device. Used to implement a line 
loopback, in which the received bit serial data and 
clock signals are regenerated and passed through 
the S3005 transmitter. An internal 100-0 resistor 
terminates LLCLKP to LLCLKN. 
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53005 Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 Pin # Pin # Description 
(80 PQFP) (68 LDCC) 

DLCV TTL I 49 59 Diagnostic line code violation input. A rising edge 
causes a CMI code violation in the serial output 
data. DLCV is an asynchronous input which is only 
valid when CMI is enabled. 

DLEB TTL I 12 26 Diagnostic loopback enable signal. Enables the OLD 
output when low. When DLEB is high, the OLD 
output is held in the inactive state to prevent 
interference between the transmit and receive 
devices. Will not affect the TSO signals. 

LLEB TTL I 51 57 Line loopback enable input. When low, the LLD and 
LLCLK inputs are connected to the TSO and TSCLK 
outputs to implement line loopback. When in normal 
mode (LLEB high), the internally generated data and 
clock signals are output at TSO and TSCLK. 

RSTB TTL I 9 29 Reset input for the device, active low. 

TSDP Diff. 0 74 39 High-speed source-terminated serial data stream 
TSDN ECL 72 41 signals, normally connected to an optical transmitter 

module. Updated on the falling edge of TSCLK. 

DLDP Diff. 0 25 15 High-speed diff. ECL serial data stream signals, 
DLDN ECL 24 16 normally connected to a companion S3006 device 

for diagnostic loopback purposes. The OLD outputs 
are updated on the falling edge of TSCLK. They are • held in the inactive state, except when DLEB is low. 

TSCLKP Diff. 0 69 44 High-speed source-terminated diff. ECL transmit 
TSCLKN ECL 70 43 serial clock. Phase-aligned with the TSO and OLD 

output signals. TSCLK can be a buffered version of 
the internal frequency synthesizer clock, of the 
REFCLK inputs during clock bypass (TESTEN high), 
or of the LLCLK inputs during line loopback (LLEB 
low). 

PCLK TTU 0 16 23 A reference clock generated by dividing the internal 
CMOS bit clock by eight. It is normally used to coordinate 

byte-wide transfers between upstream logic and the 
S3005 device. 

PAE TTU 0 18 20 Phase alignment event signal, that pulses high 
CMOS during each PCLK cycle for which there is less than 

one bit period between the internal byte clock and 
PICLK timing domains. PAE is updated on the 
falling edge of the PCLK outputs. 

BYTCLKIP TTU 0 17 21 Reference feedback clock. It is compared with the 
CMOS reference clock (REFCLK) to maintain stability of the 

clock synthesis PLL. BYTCLKIP is at the same 
frequency as REFCLK and is an asynchronous 
output. 
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53005 Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 Pin# Pin # 
(80 PQFP) (68 LDCC) 

LOCKDET TIL 0 52 56 

CAP1 - I -
CAP2 1,2, -

79, 80 

AGND GND - 5, 56, 65, 32, 37, 
71, 76 42,48,54 

AVEE -4.5V - 4, 57, 63, 33, 40, 
67, 73 46,50,53 

ECLGND GND - 7,15,19, 4, 13, 18, 
22, 26, 25, 34, 
35, 39, 52,61, 68 

42,46,54 

VEE -4.5V - 8, 14, 27, 6, 7, 11, 
34,47,53 24,30, 62 

TILGND GND - 20, 41 22,64,67 

vcc +5V - 21,40 1, 17, 19 

NC - - 3, 13, 23, 35, 55 
38, 55, 
58, 59, 

60,61, 78 

7-14 

Description 

Lock detect signal. Goes high after the PLL has had 
time to lock onto the clock provided on the REFCLK 
pins (approx. 2000 REFCLK cycles). LOCKDET is 
an asynchronous output. 

The loop filter capacitor is connected to these pins. 
The capacitor value should be 0.01µf ±10% 
tolerance, X7R dielectric. 50 V is recommended (16 
Vis acceptable). 

Analog Ground (OV) 

Power Supply (-4.5V) 

ECL Ground (OV) 

Power Supply (-4.5V) 

TTL Ground (OV) 

Power Supply (+5V) 

No connection 
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SONET/SDH OC-3/12 TRANSMITTER AND RECEIVER S3005/S3006 

53006 Pin Assignment and Descriptions 

Pin Name Level VO Pin # Pin # Description 
(80 PQFP) (68 LDCC) 

RSDP Diff. I 62 51 High-speed diff. EGL receive serial data stream 
RSDN ECL 64 49 signals, normally connected to an optical receiver 

module. When internal clock recovery is used, clock 
is recovered from transitions on the RSD inputs. 
When external clock recovery is used, the RSD 
inputs are sampled on the rising edge of the 
reference (REFCLK). An internal 100-Q termination 
resistor is connected across RSDP and RSDN. 

DLDP Diff. I 66 47 High-speed diff. ECL diagnostic loopback data. 
DLDN ECL 68 45 Serial data stream signals, normally connected to a 

companion S3005 device for diagnostic loopback 
purposes. Clock is recovered from transitions on the 
OLD inputs while in diagnostic loopback. An internal 
100- termination resistor is connected across 
DLDP and DLDN. 

DLEB TTL I 51 57 Selects diagnostic loopback. When DLEB is high, 
the S3006 device uses the primary data (RSD) 
input. When low, the S3006 device uses the 
diagnostic loopback data (OLD) input. 

TESTEN TTL I 6 31 Test clock enable signal, set high to provide access 
to the PLL during production tests. Can also be 
used to enable an external clock source in bypass 
mode (see Table 6). 

OOF TTL I 50 58 Out of frame indicator used to enable framing 
pattern detection logic in the S3006. This logic is 
enabled by a rising edge on OOF, and remains 
enabled until frame boundary is detected or when • OOF is set low, whichever is longer. OOF is an 
asynchronous signal with a minimum pulse width of 
one POCLK period. (See Figures 17 and 18.) 

LOS ECL I 16 23 An active-high, single-ended 1 OK ECL input to be 
driven by the external optical receiver module to 
indicate a loss of received optical power (Loss of 
Signal). When LOS is high, the data on the Serial 
Data In (RSDP/N) pins will be internally forced to a 
constant zero, LOCKDET will be forced low, and the 
PLL will lock to the REFCKINP/N inputs. This signal 
must be used to assure correct automatic 
reacquisition to serial data following an interruption 
and subsequent reconnection of the optical path. 
(This ensures that the PLL does not "wander" out of 
reacquisition range by tracking the random 
phase/frequency content of the optical detector's 
noise floor while monitoring "dark" fiber.) When LOS 
is low, data on the RSDP/N pins will be processed 
normally. 
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53006 Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 Pin# Pin # 
(80 PQFP) (68 LDCC) 

REFCLKP Diff. I 77 36 
REFCLKN ECL 75 38 

REFSEL1 TTL I 12 26 
REFSELO 11 27 

MODE2 TTL I 49 59 
MODE1 10 28 
MODEO 9 29 

TESTRST TTL I 18 20 

RSTB TTL I 17 21 

LLDP Diff. 0 72 41 
LLDN ECL 74 39 

LLCLKP Diff. 0 69 44 
LLCLKN ECL 70 43 

POUT? TTU 0 37 2 
POUT6 CMOS 36 3 
POUTS 33 5 
POUT4 32 8 
POUTS 31 9 
POUT2 30 10 
POUT1 29 12 
POUTO 28 14 

LCV TTU 0 44 65 
CMOS 

7-16 

Description 

Input normally used as the reference for the integral 
clock recovery PLL. (See Tables 3 and 4.) When the 
test clock enable (TESTEN) input is set high, 
REFCLK replaces the bit rate recovered clock. (See 
Table 6.) 

Inputs used to select the reference frequency for the 
internal clock synthesizer. (See Tables 3 and 4.) 

Inputs used to select the operating mode of the 
device as 622.08 Mbit/s (STS-12); 155.52 Mbit/s 
(STS-3); 155.52 Mbit/s CMI (STS-3 electrical); or 
139.764 Mbit/s (E4 CMI). (See Table 2.) 

Used to reset portions of the clock recovery PLL 
during production testing. Held low for normal 
operation. 

Reset input for the device, active low. After reset, 
frame boundary detection is disabled. 

High-speed source-terminated diff. ECL line 
loopback data. A regenerated version of either the 
incoming data stream (RSD) input in normal mode, 
or the diagnostic loopback data (OLD) input in 
diagnostic loopback mode (DLEB set high). LLD is 
updated on the rising edge of LLCLK. 

High-speed source-terminated diff. ECL line 
loopback clock, phase-aligned with the LLD output 
signals. LLCLK can be a buffered version of the 
internally recovered bit clock, or the reference clock 
(REFCLK) input when clock recovery is bypassed 
(TESTEN set high). 

Parallel data output, a 77.76 Mbyte/s, 19.44 
Mbyte/s, or 17.408 Mbyte/s word, aligned to the 
POCLK parallel output clock. POUT? is the most 
significant bit (corresponding to bit 1 of each PCM 
word, the first bit transmitted). POUTO is the least 
significant bit (corresponding to bit 8 of each PCM 
word, the last bit transmitted). POUT(7-0) is updated 
on the falling edge of POCLK. 

Line code violation output signal, set high to indicate 
that one or more bits of the byte currently presented 
on POUT(?- 0) contains a CMI line code violation. 
LCV is only active in STS-3 CMI and E4 CMI 
modes. LCV is updated on the falling edge of 
POCLK. 
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53006 Pin Assignment and Descriptions (Continued} 

Pin Name Level 1/0 Pin# Pin # Description 
(80 PQFP) (68 LDCC) 

FP TIU 0 24 16 Frame pulse, indicates frame boundaries in the 
CMOS incoming data stream (RSD). If framing pattern 

detection is enabled, as controlled by the OOF 
input, FP pulses high for one POCLK cycle when a 
48-bit sequence matching the framing pattern is 
detected on the RSD inputs. 

POCLK TIU 0 48 60 Parallel output clock, a 77.76 MHz, 19.44 MHz, or 
CMOS 17.408 MHz nominally 50% duty cycle, byte rate 

output clock, that is aligned to POUT(7-0) byte serial 
output data. POUT(7-0), FP and LCV are updated 
on the falling edge of POCLK. 

BYTCLKIP TIU 0 45 63 Reference feedback clock, compared with the 
CMOS reference clock (REFCLK) to maintain stability of the 

clock recovery PLL when it is in loss of signal state. 
BYTCLKIP is at the same frequency as REFCLK 
and is an asynchronous output. 

LOCKDET TTL 0 52 56 Clock recovery indicator. Set high when the internal 
clock recovery has locked onto the incoming data 
stream. LOCKDET will go low if the incoming 
encoded data stream has been low continuously for 
4000 to 8000 bit times. LOCKDET will go high if 
LOS is low and good data with acceptable run 
length and transition density returns on the incoming 
data stream. LOC!<DET is an asynchronous output. 

CAP1 - I 1, 2 - The loop filter capacitor is connected to these pins. 
CAP2 79,80 - The capacitor value should be 0.01µf ±10% • tolerance, X7R dielectric. 50 V is recommended (16 

Vis acceptable). 

AGND GND - 5, 56, 65, 32, 37, Analog Ground (OV) 
71, 76 42,48,54 

AVEE -4.5V - 4, 57, 63, 33, 40, Power Supply (-4.5V) 
67, 73 46,50,53 

ECLGND Gnd - 7, 15, 19, 4, 13, 18, ECL Ground (OV) 
22, 26, 25, 34, 
35, 39, 52,61, 68 

42,46,54 

VEE -4.5V - 8, 14, 27, 6, 7, 11, Power Supply (-4.5V) 
34,47,53 24,30, 62 
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53006 Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 Pin# Pin # 
(80 PQFP) (68 LDCC) 

TTLGND GND - 20,25, 41 22,64, 67 

vcc +5V - 21,38,40 1, 17, 19 

NC - - 3, 13, 23, 35,55 
43, 55, 
58, 59, 

60,61, 78 

7-18 

Description 

TTL Ground (OV) 

Power Supply (+5V) 

No connection 
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Figure 9. 68 LDCC Package 

35 

.300 - 400 min 

34 _152 -
ceramic side 

18 68 

17 1 

~ ~0.050 ± .005 

~Capacitor -0.065 ±.015 

* 0.120±.010 + 
I+-- +.015 -->I• ~1 

·950 -.010 .300 - 400 min 

Formed lead detail: 

All dimensions nominal in inches. 

Applied Micro Circuits Corporation 

- ~Capacitor 

~l;=r-------:t=+ ===:9h 
__.. l._.055 ± .005 

.055 ± .010_..t 
COPLANAR TO .004 

, ..... 1-------1.100---------<+~1 
± .020 
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BO PQFP Package 

10 

12 

14 

18 

18 

20 

17.2± 0.25 

All dimensions nominal in mm. 

53005 and 53006 BO PQFP Pinouts 
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CAP1 
CAP1 

NC 
AVEE3 4 
AGND3 

TESTEN 6 
ECLGNO 

VEE 8 
RSTB 

REFSEL.1 10 
REFSELO 

CL.EB 12 
NC 

VEE 14 
ECLGND 

PCLK 16 
BVTCLKlP 

PAE 18 
EC LG ND 
TTLGND 20 

N ~ ~ ~ ~ ~ R ~ ~ g~ 

~~~~~~~~i~~ll~~~~~~g 
~ M M M 

53 ci ~ 
51 +I +I 

q C'f 
49 :!: ...... 

60 NC 
59 NC 

NC 
67 AVEE1 

AGND1 
56 NC 

ECLGND 
53 VEE 

LOCKDET 
51 LLEB 

SYNC 
49 DLCV 

PICLK 
47 VEE 

ECLGND 
46 MOOE1 

MOOED 
43 MODE2 

ECLGNO 
41 TTLGND 

,....-------"'_j 
ifu888 8 8 8 8 8 88 8 8 8 8 88 8 8Hhy0 ± 0·1 

o.aa_J ~ _J ~ o.65 _.J J.-o.30 

CAP1 1 
CAP1 2 

NC 
AVEE3 4 

AGN03 
TESTEN 8 
ECLGNO 

VEE 8 
MODEO 
MODE1 10 

REFSELO 
REFSEL1 12 

NC 
VEE 14 

ECLGND 
LOS 16 

RSll! 
TESTRST 18 
ECLGND 
TTLGND 20 

Side View 

60 NC 
59 NC 

NC 
57 AVEE1 

AGND1 
55 NC 

ECLGNO 
S3 VEE 

LOCKOET 
51 DLEB 

OOf 
49 MODE2 

POCLK 
47 VEE 

ECLGNO 
45 BYTCLKIP 

LCV 
43 NC 

ECLGND 
41 TTLGND 
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Table 7. Performance Specifications 

Parameter Min Typ Max Units Condition 

Nominal VCO Given REFCLK = SERCLK + 8, 

Center Frequency 
622.08 MHz 12, 16 or 32 per REFSEL<1 :0> 

settings 

ECL Data Output Jitter 
Given the jitter on REFCLK 

(S3005 TSDP/N, DLDP/N) 
(12KHz to 1 MHz band) is less 
than: 

OC-3/STS-3 64 ps (rms) 
• 56 ps rms (OC-3) 
• 28 ps rms (OC-STS-3 CMI) 

OC-STS-3 CMI 32 ps (rms) 
• 14 ps rms (OC-12), 

OC-12/STS-12 1 16 ps (rms) 
REFCLK = 77.76 MHz 

Reference Clock 
Frequency Tolerance 

Required to meet SONET output 
Clock Synthesis 
S3005 REFCKINP/N -20 20 ppm 

frequency specification 

S3006 REFCKINP/N -100 100 ppm 

OC-3/STS-3 & 
OC-12/STS-12 

Capture Range ±200 ppm With respect to fixed reference 
frequency 

Lock Range +8, -12 % Minimum transition density of 
20% 

Acquisition Lock Time 2 
OC-3/STS-3 64 With device already powered up 
OC-STS-3 CMI 32 

µsec 
and valid REFCLK 

OC-12/STS-12 16 • Reference Clock 
30 70 % of period 

Input Duty Cycle 

Reference Clock Rise & 
2.0 10% to 90% of amplitude 

Fall Times 
ns 

ECL Output Rise & Fall 
600 ps 

20% to 80%, 500 to -2V 
Times (S3005 DLDP/N) equivalent load, as per Figure 19 

Source Terminated 
Differential ECL 

450 
20% to 80%, 1000 line to line, 

Compatible Outputs 
ps 

as per Figure 19 
Rise and Fall Times 

1. For REFCLK =19.44, 38.88 or 51.84 MHz, multiply the specified value by three. 
2. Specifications based on design values. Not tested. 
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Thermal Management 

Device Package 

S3005 68 LDCC 

w/45-20 HS 

S3005 80TEP 

w/45-28 HS 

S3006 68 LDCC 

w/45-20 HS 

S3006 80TEP 

w/45-28 HS 

7-22 

Absolute Maximum Ratings 
__E>AFIAM~ !EB_ Min Tull_ Max _Unit_ 

Case Temperature under Bias -55 125 oc 
Junction Temperature under Bias -55 150 oc 
Storage Temperature -65 150 oc 
Voltage on VCC with Respect to GND -0.5 +7.0 v 
Voltage on VEE with Respect to GND +0.5 -8.0 v 
Voltage on A~ TTL Input Pin -0.5 +5.5 v 
Volt~ on Any ECL Input Pin -3 0 v 
TTUCMOS Output Sink Current 20 mA 

TTUCMOS Output Source Current 25 mA 

High Speed ECL Output Source 

or Sink Current 50 mA 

Static Discharge Voltage 500 v 

Recommended Operating Conditions 

PARAMETER Min Typ Max Unit 

Ambient Temperature under Bias -40 85 oc 
Junction Temperature under Bias -10 130 oc 
Voltage on VCC with Respect to GND 4.75 5.0 5.25 v 
Voltage on VEE with Respect to GND1 -4.2 -4.5/-5.2 -5.46 v 
Volt"!2_e on Any TTL Input Pin 0 vcc v 
Voltage on Any ECL Input Pin -2.0 0 v 
TTUCMOS Output Sink Current 8 mA 

TTUCMOS Output Source Current 20 mA 

ECL Output Source Current 25 mA 

Source Terminated Dill. ECL Compatibl~ 
Output Source or Sink Current 10 mA 

S3005 ICC 41 52 mA 
IEE 314 402 mA 

S3006 ICC 54 69 mA 
IEE 324 414 mA 

1. VEE (min)= -4.2V for Ambient Temperature" o·c, -4.5V for 
Ambient Temperature <0°C. 

eja Still Max Still 
ejc Air Power Air Airno·c 

2.5°C/W 33.9°C/W 2.4W 4g·c 200 LFPM 

26.4°C/W 2.4W 66°C <50 LFPM 

2.0"C/W 30°C/W 2.4W 58°C 200 LFPM 

23°C/W 2.4W 15·c N/A 

2.5°C/W 33.9"C/W 2.6W 42°C 310 LFPM 

26.4°C/W 2.6W 61'C 100 LFPM 

2.0"C/W 30°C/W 2.6W 52·c 300 LFPM 

23°C/W 2.6W 1o·c N/A 

Airno·c 
Air/as·c for 1oo·c Tj 

500 LFPM 750 LFPM 

140 LFPM 210 LFPM 

700 LFPM 1050 LFPM 

200 LFPM 300 LFPM 

600 LFPM 900 LFPM 

150 LFPM 230 LFPM 

750 LFPM 1130 LFPM 

250 LFPM 380 LFPM 
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SONET/SDH OC-3/12 TRANSMITTER AND RECEIVER S3005/S3006 

TTL Input/Output DC Characteristics' (T • = -40°C to +85°C, V cc = 5 v ±5%, VEE = -4.5 V ±7"k or-5.2 ± 5%) 

Symbol Parameter Conditions Min Max Unit 
V1L2 Input LOW Voltage Guaranteed Input LOW Voltage 0.8 Volts 

v1H2 Input HIGH Voltage Guaranteed Input HIGH Voltage 2.0 Volts 

Ill Input LOW Current Vee= MAX, V1N = 0.5V -400.0 uA 

l1H Input HIGH Current Vee= MAX, V1N = 2.7V 50.0 uA 

11 Input HIGH Current at Max VCC Vee= MAX, V1N = 5.25V 1.0 mA 

los Output Short Circuit Current Vee= MAX, VouT = o.5V -100.0 -25.0 mA 

lozL Output Three-State Current LOW Vee= MAX, Vol= 0.4V -50.0 50.0 uA 

lozH Output Three-State Current HIGH Vee= MAX, VoH = 2.4V -50.0 50.0 uA 

VIK Input Clamp Diode Voltage Vee= MIN, l1N = -18mA -1.2 Volts 

Vol TTL Output LOW Voltage Vee= MIN, loL = SmA 0.5 Volts 

VoH TTL Output HIGH Voltage Vee= MIN, loH = -1.0mA 2.4 Volts 

Vol CMOS Compatible Output 
LOW Volt~ 

Vee= MIN, loH = 100uA 0.4 Volts 

VoH CMOS Compatible Output 
HIGH Voltage 

Vee= MIN, loH = -100uA 3.4 Volts 

1. These conditions will be met with an airflow of 400 LFPM. 
2. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 

ECL Input/Output DC Characteristics7 (T. = -40°C to+B5°C, Vee =5 V±5%, v •• = -4.5 V ±7% or-5.2± 5%) 

~mbol Parameter Condhlon$ S.!9!1al Name Min Max Unit 

VIL1 Input LOW Voltage Guaranteed Input LOW Voltage -2.00 -1.47 Volts 
for all single ended inputs 

VIH1 Input HIGH Voltage Guaranteed Input HIGH Voltage -1.18 -0.80 Volts 
for all single ended inputs 

V1L2 Input LOW Voltage Guaranteed Input LOW Voltage -2.00 -0.70 Volts 
for all differential inputs • V1H2 Input HIGH Voltage Guaranteed Input HIGH Voltage -1.75 -0.45 Volts 
for all differential inputs 

Vto2 Input DIFF Voltage Guaranteed Input DIFF Voltage 0.25 1.40 Volts 
for all differential inputs 

VEE =MAX, VIL= -1.95V LOS6 -0.50 20.00 uA 
l1L Input LOW Current 

LLD~LLCLK~ mA VEE= MAX, Vo1FF = 0.5V RSDP , DLOP6 -7.00 -3.50 

VEE =MAX, VDIFF = 0.5V LLON5S LLCLKN5, -8.30 -2.80 mA 
RSDN , DLON6 

VEE= MAX, VDIFF = 0.5V REFCLKP5,6, 
REFCLKN5,6 -1.00 20.00 uA 

VEE= MAX, V1H = -0.80V LQS6 -0.50 20.00 uA 
l1H Input HIGH Current 

VEE= MAX, VDIFF = 0.5V LLDP~ LLCLK~ mA RSDP , DLOP6 3.50 7.00 

VEE= MAX, Vo1FF = 0.5V ~~~~ss 'ii-E6-~~s. 2.80 8.30 mA 

VEE= MAX, VolFF = 0.5V REFCLKP5.6, 
REFCLKN5,6 -1.00 20.00 uA 

VoL3 Output LOW Voltage son to -2V termination -2.00 -1.50 Volts 

VoH3 Output HIGH Voltage 50n to -2V termination -1.11 -0.62 Volts 

VoL4 Output LOW Voltage 1 oon between differential outputs -2.50 -0.80 Volts 

VoH4 Output HIGH Voltage 10on between differential outputs -2.20 -0.50 Volts 

Voo4 Output DIFF Voltage 10on between differential outputs 0.30 1.00 Volts 

1. Single Ended ECL Inputs 
2. Differential ECL Inputs 
3. Standard ECL Outputs 
4. Source Terminated Differential ECL Compatible Outputs 
5. S3005 Signals 
6. S3006 Signals 
7. These conditions will be met with an airflow of 400 LFPM. 
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Table 8. 53005 AC Timing Characteristics 
{TA = -40"C to +85°C, V.,, = 5 V :t!i%, V"" = -4.5 V ±7% or -5.2V ± 5%) 

~mbol Description Min Max Units 
TSCLK Frequency (nom. 155, 311, or 622 MHz) 640 MHz 

TSCLK Duty Cycle 40 60 % 

PICLK Duty Cycle 33 67 % 

tSPIN PIN [7.0] Set-up Time w.r.t. PICLK 2.0 ns 

tHPIN PIN (7.0] Hold Time w.r.t. PICLK 1.0 ns 

tSLLD LLD Set-Up Time w.r.t. LLCLK 100 ps 

tHLLD LLD Hold Time w.r.t. LLCLK 100 ps 

LLCLK Duty Cycle 40 60 % 

tPrso TSCLK Low to TSO Valid Propagation Delay 440 ps 

tSrso TSO Set-Up Time w.r.t. TSCLK 400 ps 

tHrso TSO Hold Time w.r.t. TSCLK 400 ps 

tPPAE1 PCLK Low to PAE Valid Propagation Delay 3.0 ns 

TSD\sK TSO± Edge Skew 100 ps 

TSCLK1esK TSCLK ± Edge Skew 100 ps 

1 Guaranteed but not tested. 

Figure 10. PIN AC Input Timing Figure 11. LLD AC Input Timing 

PIN[7:0J 

PICLK 

LLD 

,1r•llo {·~:, ~ 
-..........XX....,...__,.,Xt}- f J}XXK 

LLCLK \ 

1. When a set-up time Is specified on TTL signals between an Input and a clock. the set-up time is the time In picoseconds from the 50% point of the Input to 
the 50% point of the clock. 

2. When a hold time Is specified on TTL signals between an input and a clock, the hold time Is the time In picoseconds from the 50% point of the clock to the 
50% point of the Input. 

3. When a set-up time is specified on differential ECL signals between an Input and a clock, the set-up time Is the time in picoseconds from the cross-over 
point of the input to the cross-over point of the clock. 

4. When a hold time is specified on differential ECL signals between an input and a clock, the hold time is the time In picoseconds from the cross-over point 
of the clock to the cross-over point of the Input. 

Figure 12. Output Timing 

TSCLK 

TSO+ 

Notes on High-Speed PECL Output Timing 
1. Output propagation delay time Is the time In nanoseconds from the cross

over point of the reference signal to the cross-over point of the output. 

Table 9. 53005 External Clock Mode Timing 

DescriJ)tion 
REFCLK in Bypass Mode (nom. 155, 311, or 622 MHz) 

REFCLK in Bypass Mode duty cycle 

7-24 

Figure 13. PAE Output Timing 

PCLK 

PAE 

Notes on TTL Output Timing 
1. Output propagation delay time Is the time in nanoseconds from the 

50% point of the reference signal to the 30% or 70% point of the output. 
2. Maximum output propagation delays are measured with a 15pf load on 

the outputs. 

Min 

33 

Max Units 
640 MHz 

67 % 
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Table 10. 53006 AC Timing Characteristics 
Symbol Description Min Max Units 

POCLK Duty Cycle 1 40 60 % 

POCLK Low to POUT [7:0] Valid Prop. Delay @ STS-3 0 5 ns 
tPpouT POCLK Low to POUT [7:0] Valid Prop. Delay@ STS-12 0 1.5 ns 

tPFP 
POCLK Low to FP Valid Propagation Delay @ STS-3 0 5 ns 
POCLK Low to FP Valid Propagation Delay@ STS-12 0 1.5 ns 

LLCLK Frequency 640 MHz 

LLCLK Duty Cycle 40 60 % 

LLCLK Low to LLD Valid Propagation Delay @ STS-3 -800 800 ps 
tPLLD LLCLK Low to LLD Valid Propagation Delay @ STS-12 -500 500 ps 

1 Driving CMOS with a 2.SV threshold and a soon load, or driving TTL with a 1.4V threshold and a 1500 load. 

Figure 14. Input Timing - External Clock Mode 

RFCLK+ v 
_/ 

i--tsRso-- ..,.tHRso--

RSD \JI \JI 
_/J\_ _/J\ 

1--tS DLD -- ..,.tHoLo--

v \JI 
DLD I\_ _JI\_ 

Notes on Input Timing: 
1. When a set-up time is specified between a data input and a 

clock input, the set-up time is the time in picoseconds from the 
crossover point of the differential data input to the crossover 
point of the differential clock input. 

2. When a hold time is specified between a data input and a 
clock input, the hold time is the time in picoseconds from the 
crossover point of the differential clock input to the crossover 
point of the differential data input. 

Table 11. 53006 External Clock Mode Timing 
Symbol Description 

REFCLK Freq. (Nominally 622/311//155 MHz} 

REFCLK Duty Cycle 

tSRSD RSD to REFCLK Set-up Time 

tHRSD 
REFCLK to RSD Hold Time @ STS-3 
REFCLK to RSD Hold Time@ STS-12 

tSDLD DLD to REFCLK Set-up Time 

tHDLD 
REFCLK to DLD Hold Time @ STS-3 
REFCLK to DLD Hold Time@ STS-12 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

Figure 15. Output Timing Diagram 

POCLK 

POUT[7:0] 

FP 

LLCLK~~/ 

~ J '"' 1============ 
Notes on Output Timing: 
1. Output timing specification are valid when terminating all 

outputs with 500Q to GND. 
2. Output propagation delay time of TTL outputs is the time in 

picoseconds from the 50% point of the reference signal to 
the 30% or 70% point of the output. 

3. Maximum output propagation delays of TTL outputs are 
measured with a 15 pF load on the outputs. 

4. Output propagation delay time of high speed ECL outputs is 
the time in picoseconds from the cross-over point of the 
reference signal to the cross-over point of the output. 

5. Maximum output propagation delays of TTL outputs are 
measured with a 50Q transmission line on the outputs. 

Min Max Units 

640 MHz 

33 67 % 

300 ps 

1.0 ns 
100 ps 

300 ps 

1.0 ns 
100 ps 
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RECEIVER FRAMING 
Figure 16 shows a typical reframe sequence in 
which a byte realignment is made. The frame and 
byte boundary detection is enabled by the rising 
edge of OOF and remains enabled while OOF is 
high. Both boundaries are recognized upon receipt 
of the third A2 byte which is the first data byte to be 
reported with the correct byte alignment on the out
going data bus (POUT[7:0)). Concurrently, the frame 
pulse is set high for one POCLK cycle. 

When interfacing with a section terminating device, 
the OOF input remains high for one full frame after 
the first frame pulse while the section terminating 
device verifies internally that the frame and byte 
alignment are correct, as shown in Figure 17. Since 

Figure 16. Frame and Byte Detection 

RECOVERED 
CLOCK/ 
REFCLK 

OOF 

SERDATI 

at least one framing pattern has been detected since 
the rising edge of OOF, boundary detection is dis
abled when OOF is set low. 

The frame and byte boundary detection block is acti
vated by the rising edge of OOF, and stays active 
until the first FP pulse or until OOF goes low, which
ever occurs last. Figure 17 shows a typical OOF 
timing pattern which occurs when the S3006 is con
nected to a down stream section terminating device. 
OOF remains high for one full frame after the first FP 
pulse. The frame and byte boundary detection block 
is active until OOF goes low. 

Figure 18 shows the frame and byte boundary detec
tion activation by a rising edge of OOF, and 
deactivated by the first FP pulse. 

POUT[7~ __ __...__ _ __.,~A-1_....__A_1__.._A_1.....,_A2 _ _.__A2 _ _.__A2 __ l_A2_~_eH_>~I~ 
INVALID DATA 

POCLK 

--------1*"1-VALID
DATA 

I 

FP ~~~~~~~~~II_ 

NOTE 1: Range of input to output delay can be 1.5 to 2.5 POCLK cycles 

Figure 17. OOF Operation Timing with SSTX 

!.....,.__ Boundary Detection Enabled ----+-j 
OOF 

FP ----''--------------~ 
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Figure 18. Alternate OOF Timing 

j..---Boundary Detection Enabled ---+-! 
: : 

OQF __ __, '-------------;!-

FP ___ .._ ___________ ..__ 
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Figure 19. Differential ECL Input and Output Applications 

Applied Micro Circuits Corporation 

son 

83006 LLDP/N to 83005 LLDP/N 
83006 LLCLKP/N to 83005 LLCLKP/N 

1000 

Internal 100 n termination 

Electrical to 
optical 

83005 TSDP/N to Fiber Optic Transmitter 

1000 

Reference Clock Crystal Oscillator Source 
(ECL Driver) to REFCLK Input 

Internal 100 n termination 

83005 DLDP/N to 83006 DLDP/N 
Fiber Optic Receiver to 83006 RSDP/N 
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STS-12/STS-3 OPTICAL INTERFACE 

The 83005 and 83006 devices are designed to in
terface seamlessly to make a SONET transceiver for 
STS-12, CMl-encoded STS-3, and STS-3. Figure 20 
shows these two devices connected together with 

Figure 20. OC-12 Application 

AX Overhead 

TESTEN=LOW 
AEFSEL[1] = HIGH 
AEFSEL[O] =HIGH 

STS-3 CMI ELECTRICAL INTERFACE 

With the 83006 devices optioned for CMl-coded 
STS-3, an electrical SONET transceiver can be 
implemented as shown in Figure 21 In this case, a 

receive and transmit overhead processors on the 
equipment side and electrical-to-optical converters 
on the line side to realize the core of a typical 
SONET transceiver. 

soon 

MODE[2] = CONNECTED to LLEB 
MODE[1] =LOW 
MODE[O] =LOW 

OC-12 

-;:,, 

OC·12 
AX 

~ 

clock reference of 51.84 MHz was selected. TSO 
would be coupled through a line driver and trans
former to a coaxial cable for short span applications. 

Figure 21. CM/ Electrical Interface 

7-28 

STS-1 ,.......__._~....__....__, 

TX 

SLTX SSTX 

PCLK 
TSO 

83005 
OLD 

'----,-,-,,--==-+-~x~c 

~,,,J;:;;=f5iiii~;;~~;;8bt~ ,.,, LLEB 

STS-3 
CMI 
RX 

TO/FROM 
COMMON 
CONTROL 

L_,._..L...J<~r-~--t.!.8lt:...._~~-1~-..LCV 

RX Overhead 
MODE[2] =LOW REFSEL[1] =HIGH 

TESTEN= LOW MODE[1] =LOW REFSEL[O] =LOW 
MODE[O] = HIGH 
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EXTERNAL CLOCK APPLICATION 

The 53006 can receive data at 50NET or other 
standard data rates by bypassing the internal clock 
recovery PLL and supplying the appropriate clock to 
the REFCLK input. Figure 22 shows an application 

for 5T5-12 with external clock recovery on the re
ceive side, and an external transmit clock connected 
to REFCLK of the 53005 device. 

Figure 22. OC-12 External Clock Application 

STS-1 
TX 

r::1___ OC-12 
L.::J - TX 

,/!/ 

SLTX SSTX 

RX Overhead 

TO/FROM 
COMMON 
CONTROL 

RSD,J+-----1 
Los.i------1L-.....J 

MODE[2] =HIGH REFSEL[1] =NOT APPLICABLE 
MODE[1] = HIGH REFSEL[O] = NOT APPLICABLE 

TESTEN= HIGH MOOE[O] = LOW 
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Ordering Information 

GRADE 

S - commercial 

GRADE 

S - commercial 

7-30 

TRANSMITTER PACKAGE SPEED GRADE 

3005 A-68 LDCC 1 -139 MbiVs 
with straight leads 1 -139 MbiVs CMI 
B- Bare Die 1 -155 MbiVs 

C-68 LDCC 1 - 155 MbiVs CMI 

lead formed 6-622 MbiVs 

D-80 PQFP 

TRANSMITTER PACKAGE SPEED GRADE 

3006 A-68 LDCC 1 -139 MbiVs 

with straight leads 1 -139 MbiVs CMI 
1 -155 MbiVs B- Bare Die 
1 - 155 MbiVs CMI 

C-68 LDCC 6-622 MbiVs 
lead formed 
D-80 PQFP 

I/ 
xxxxx x x 

Grade Part number Package Speed Grade 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



DEVICE SPECIFICATION 
AMCC® 

SONET/SDH CLOCK RECOVERY AND SYNTHESIS UNIT S3014 

FEATURES 
• Complies with ANSI, Bellcore, and CCITT 

specifications for jitter tolerance 
• On-chip high frequency PLL with internal loop 

filter for clock generation or clock recovery 
• Supports clock generation for STS-3/STM-1 

(155.52 MHz) 
• Supports clock recovery for STS-3/STM-1 

(155.52 Mbit/s) or STS-12/STM-4 
(622.08 Mbit/s) NRZ data 

• Selectable 19.44 MHz, 51.84 MHz, or 
155.52 MHz reference frequency 

• Lock detect-monitors transition density 
and run length 

• Lowpower 
• Low-jitter ECL interface 
• Small 44 PLCC or CLCC package 
• TTL reference clock output 

Figure 1. System Block Diagram 

CAP1 

CAP2 

REFCKINP/N 

TSTCLKEN 

SEL(2:0) 

2 

3 

RST -

2 
SERDATIP/N 

Applied Micro Circuits Corporation 

vco 

CLOCK 
DIVIDER 

PHASE DETECTOR 

6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

GENERAL DESCRIPTION 

The function of the S3014 clock synthesis and recov
ery unit is to derive high speed timing signals for 
SONET/SDH-based equipment. The S3014 is imple
mented using AMCC's proven Phase Locked Loop 
(PLL) technology. 

In Clock Recovery mode, the S3014 receives either 
an STS-3/STM-1 or STS-12/STM-4 scrambled NRZ 
signal and recovers the clock from the data. The chip 
outputs a differential ECL bit clock and retimed data. 
In Clock Synthesis mode, the S3014 receives a 
19.44, 51.84, or 155.52 MHz reference clock and out
puts an STS-3/STM-1 or STS-12/STM-4 differential 
ECLclock. 

The S3014 utilizes an on-chip PLL which consists of 
a phase detector, a loop filter, and a voltage con
trolled oscillator (VCO). The phase detector 
compares the phase relationship between the VCO 
output and the REFCLK input, a loop filter converts 
the phase detector output into a smooth DC voltage, 
and the DC voltage is input to the VCO whose fre
quency is varied by this voltage. A block diagram is 
shown in Figure 1. 

LOCK 
DETECTOR 

2 

2 

REFCKOUT 

SERCLKOP/N 

LOCKDET 

SERDATOP/N 
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S3014 SONET/SDH CLOCK RECOVERY AND SYNTHESIS UNIT 

S3014 OVERVIEW 

Clock Recovery Mode 

In the Clock Recovery mode, the S3014 supports 
clock recovery for the STS-3/STM-1 and STS-12/ 
STM-4 rates. In this mode, ECL differential serial data is 
input to the chip at the rate specified by the three SEL 
pins, and clock recovery .is performed on the incoming 
data stream. An external ECL differential reference 
clock (19.44, 51.84, or 155.52 MHz) is required to 
minimize the PLL lock time and provide a stable output 
clock source in the absence of serial input data. 
Retimed data and clock are output from the S3014. 

Clock Synthesis Mode 

In the Clock Synthesis mode, the S3014 synthesizes up 
to the STS-3/STM-1 and STS-12/STM-4 clock rates 
from either a 19.44 MHz, 51.84 MHz, or 155.52 MHz 
input reference frequency. STS-3/STM-1 jitter generation 
is compliant with the SONET/SDH requirement for 
0.01 U.1. (rms) maximum, given 14.1 ps (rms) jitter on 
REFCLK in the 12 KHz to 1 MHz frequency band. 

In this mode, a crystal oscillator is connected to the 
ECL differential reference input and synthesized up to 
the output frequency selected using the three SEL 
pins. The Clock Synthesis mode is recognized by the 
absence of data on the SERDATIP/N input pins. In 
this mode, tie the SERDATIP pin to ground and tie the 
SERDATIN pin to vn (-2.0v) or to an ECL low level. 
A programmable internal divider outputs a TTL clock 
at the same frequency as the reference clock input via 
the REFCKOUT output. The lock detect output will 
remain consistently low in the Clock Synthesis mode. 

Figure 2. Input Jitter Tolerance Specification 

Sinusoidal 
Input Jitter 15 
Amplitude 

(UI p-p) 

1.5 

0.15 

OC/STS 
Level 

3 

12 
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fO f1 

Frequency 

fO f1 
_1H& .J.H& 

10 30 

10 30 

f2 f3 ft 

f2 f3 ft 
J..H& LikH& ltkH& 

300 6.5 75 

300 25 250 

CHARACTERISTICS 

Performance 

The S3014 PLL complies with the minimum jitter toler
ance for clock recovery proposed for SONET/SDH 
equipment defined by the T1 X1 .6/91-022 document, 
when used with differential inputs and outputs as 
shown in Figure 2. 

Input Jitter Tolerance 

Input jitter tolerance is defined as the peak to peak 
amplitude of sinusoidal jitter applied on the input sig
nal that causes an equivalent 1 dB optical/electrical 
power penalty. SONET input jitter tolerance require
ments are shown In Figure 2. The measurement 
condition is the input jitter amplitude which causes an 
equivalent of 1 dB power penalty. 

Jitter Generation 

Jitter generation is defined as the amount of jitter at 
the OC-N/STS-N output of a SONET equipment. 

Jitter generation shall not exceed 0.01 UI rms in OC-3 
mode and 0.03 UI rms in OC-12 mode when measured 
using a highpass filter with a 12 kHz cutoff frequency. 

Serial Data Output Set-up and Hold Time 

The output set-up and hold times are represented by 
the waveforms shown in Figure 3. 

Reference Clock Input 

The required characteristics of the reference clock 
are outlined below. Unless otherwise noted, specifi
cations refer to both Clock Recovery and Clock 
Synthesis modes of operation. While a single-ended 
ECL reference clock may be used, additional jitter 
due to edge movement related to threshold variations 
from DC offsets may be induced. 

Figure 3. Clock Output to Data Transition Delay 

SERCLKOP/N 

SERDATOP/N 

Output Frequency 

155.52MHz 622.08 MHz 

r SEROATOP/N Setup Time 2.5ns 450ps 

r SERDATOP/N Hold Time 2.5 ns 650ps 
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SONET/SDH CLOCK RECOVERY AND SYNTHESIS UNIT S3014 

Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin # Description 

REFCKINP Diff. I 41 Reference clock. Input used as the reference for the internal bit 
REFCKINN ECL 43 clock in frequency synthesis mode. Used as standby clock in the 

absence of data or during reset in clock recovery mode. 

SERDATIP Diff. I 4 Serial data in. When the S3014 is used in the Clock Recovery 
SERDATIN ECL 6 mode, clock is recovered from the transitions on these inputs. 

TSTCLKEN TTL I 36 Test clock enable, active high. Used during production test to 
bypass the VCO in the PLL. Tie to ground for normal operation. 

SEL2 TTL I 26 Mode select, used to select output and input frequencies. Refer 
SEL1 24 to Table 1 for explanation. 
SELO 23 

RST TTL I 33 Reset, active low. Initializes the device to a known state and 
forces the PLL to acquire to the reference clock. RST, when held 
low, also forces the REFCKOUT and LOCKDET outputs to the 
Hi-Z state. A reset of at least 16 ms should be applied at power-
up and whenever it is necessary to reacquire to the reference 
clock. The S3014 will also reacquire to the reference clock if the 
serial data is held quiescent (constant ones or constant zeros) 
for at least 16 ms. 

LOS ECL I 32 Loss of signal, active low. A single-ended 10K ECL input to be 
driven by the external optical receiver module to indicate a loss 
of received optical power. When LOS is low, the data on the 
Serial Data In (SERDATIP/N) pins will be internally forced to a 
constant zero, LOCKDET forced low, and the PLL forced to lock 
to the REFCKINP/N inputs. This signal must be used to assure 
correct automatic reacquisition to serial data following an 
interruption and subsequent reconnection of the optical path. • This will assure that the PLL does not "wander" out of 
reacquisition range by tracking the random phase/frequency 
content of the optical detector's noise floor while monitoring 
"dark" fiber. When LOS is high, data on the SERDATIP/N pins 
will be processed normally. 

CAP1, CAP2 - I 39 Loop filter capacitor, connected to these pins. The capacitor 
40 value should be 0.1 µf ±10% tolerance, X7R dielectric ceramic 

chip capacitor. 50V is recommended. 

LOCKDET TTL 0 11 Lock detect, active high. Clock recovery indicator. Set high when 
the internal clock recovery has locked onto the incoming 
datastream. LOCKDET is an asynchronous output. This output 
is deasserted when there is no incoming serial data input; in 
which case the PLL locks to the reference clock. 

Applied Micro Circuits Corporation 
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Pin Assignment and Descriptions (Continued) 

Pin Name Level VO 

SERDATOP Diff. 0 
SERDATON ECL 

SERCLKOP Diff. 0 
SERCLKON ECL 

REFCKOUT TTL 0 

AVEE -5.2V -

AGND GND -

GND GND -

-5.2V -5.2V -

+5V +5V -

NC - -

7-34 

Pin # 

20 
21 

15 
14 

31 

2, 5, 7, 
38,44 

1, 3, 8, 
37,42 

9, 16, 17, 
19, 22, 
27, 29, 
30,35 

10, 13, 
25, 34 

18,28 

12 

Description 

Serial data out signal. In the Clock Recovery mode, this signal is 
the delayed version of the incoming data stream (SERDATI) 
updated on the falling edge of Serial Clock Out (SERCLKOP). 

Serial clock out signal that is phase aligned with Serial Data Out 
(SERDATO) when Lock Detect (LOCKDET) is high. When Lock 
Detect is low, the signal is synchronous with Reference Clock 
(REFCKINP/N). 

Single-ended TTL reference clock output. See Table 1. 

Analog power (-5.2V) 

Analog ground (OV) 

Ground 

-5.2V 

+5V 

No Connection 

Applied Micro Circuits Corporation 
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Figure 4. 44 PLCC Pinout 
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Figure 5. 44 PLCC Package 
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7-36 

Performance Specifications 

Parameter Min Typ Max Units Condition 

NominalVCO Given REFCLK = SERCLK + 4, 

Center Frequency 622.08 MHz 12 or SERCLK + 32 per SEL 
<2:0> settings 

Clock Synthesis Output In CSU mode, given : 
Jitter 

OC-3/STS-3 .005 .01 Ul(rms) • 56ps rms jitter on REFCLK 
64 ps (rms) in 12 KHz to 1 MHz band 

OC-12/STS-12 1 .G15 .03 Ul(rms) • 14.1 ps rmsjitteron REFCLK 
48 ps (rms) in 12 KHz to 1 MHz band 

Clock Recovery Output 
.01 Ul(rms) rms jitter, in lock 

Jitter 

Reference Clock 
Frequency Tolerance 2,3 Required to meet SONET output 

Clock Synthesis -20 20 ppm frequency specification 
Clock Recovery -100 100 ppm 

OC-3/STS-3 
OC-12/STS-12 

Capture Range ±200 ppm With respect to fixed reference 
frequency 

Lock Range +8,-12 % 
Clock Output Minimum transition density of 

Duty Cycle 45 55 % 20% 

Acquisition Lock Time3 
64 With device already powered up OC-3/STS-3 
16 

µsec 
and valid REFCLK. OC-12/STS-12 

Reference Clock 
30 70 

%of 
Input Duty Cycle period 

Reference Clock Rise & 
2.0 10% to 90% of amplitude Fall Times ns 

ECL Output Rise & Fall 
850 ps 

10% to 90%, 500 to -2V 
Times equivalent load, 5 pl cap 

1. These specs can be achieved with either a 51.84 MHz or a 155.52 MHz Reference Clock. 
2. Noise on REFCLK should be less than 14.1 ps rms in a jitter frequency band from 12 KHz to 1 MHz. 
3. Specifications based on design values. Not tested. 

Table 1. Mode Select 
SEL2 SEL1 SELO SERCLKO 

0 0 0 622.08MHz 
0 0 1 622.08MHZ 
0 1 0 622.08 MHz 
0 1 1 622.08MHz 
1 0 0 155.52 MHz 
1 0 1 155.52 MHz 

REFCKOUT REFCKIN 
51.84 MHz 51.84 MHz 
19.44 MHz 19.44 MHz 
19.44 MHz 19.44 MHz 

- 155.52 MHz 
51.84 MHz 51.84 MHz 
19.44MHz 19.44 MHz 

Applied Micro Circuits Corporation 
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SONET/SDH CLOCK RECOVERY AND SYNTHESIS UNIT S3014 

Absolute Maximum Ratings 

Parameter Min Typ Max Unit 

Case Temperature under Bias -55 125 oc 
Junction Temperature under Bias -55 150 oc 
Storage Temperature -65 150 oc 
Voltage on VCC with Respect to GND -0.5 7.0 v 
Voltage on VEE with Respect to GND -8.0 0.5 v 
Voltage on Any TTL Input Pin -0.5 +5.5 v 
Voltage on Any ECL Input Pin -3.0 0.0 v 
TTL Output Sink Current 20 mA 

TTL Output Source Current 10 mA 

High Speed ECL Output Source Current 50 mA 

Static Discharge Voltage 500 v 

Recommended Operating Conditions 

Parameter Min Typ Max Unit 

Ambient Temperature under Bias (industrial) -40 85 oc 
Ambient Temperature under Bias (commercial) 0 70 oc 
Junction Temperature under Bias -10 130 oc 
Voltage on VCC with Respect to GND 4.75 5.0 5.25 v • Voltage on VEE with Respect to GND -4.2 -4.5/-5.2 -5.46 v 
Voltage on Any TTL Input Pin 0.0 vcc v 
Voltage on Any ECL Input Pin -2.0 0 v 
TTUCMOS Output Sink Current 8 mA 

TTUCMOS Output Source Current 1 mA 

ECL Output Source Current (50'2 to -2V) 14 25 mA 

ICC 10 17 mA 
Supply Current 

IEE 170 210 mA 

V .,,_(min) = -4.2V for Ambient Temperature;;: O"C, -4.SV for Ambient Temperature <O"C. 
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TTL Input/Output DC Characteristics' 
(T • = -40'C to +85°C, V cc = 5 V ±5%, VEE = -4.5 V ±7% or -5.2 ± 5%) 

Symbol Parameter Test Conditions Min Max Unit 
V1L2 Input LOW Voltage Guaranteed Input LOW Voltage for all inputs 0.8 Volts 

V1H2 Input HIGH Voltage Guaranteed Input HIGH Voltage for all inputs 2.0 Volts 

l1L Input LOW Current Vee= MAX, V1N = 0.5V -400.0 uA 

l1H Input HIGH Current Vee= MAX, V1N = 2.7V 50.0 UA 

11 Input HIGH Current at Max VCC Vee= MAX, V1N = 5.25V 1.0 mA 

las Output Short Circuit Current Vee= MAX, VouT = 0.5V -100.0 -25.0 mA 

V1K Input Clamp Diode Voltage Vee= MIN, l1N = -18.0mA -1.2 Volts 

Vol TTL Output LOW Voltage Vee= MIN, loL = BmA 0.5 Volts 

VoH TTL Output HIGH Voltage Vee= MIN, loH = -1.0mA 2.4 Volts 

1. These conditions will be met with an airflow of 400 LFPM. 
2. These input levels provide a zero-noise immunity and should only be tested in a static, noise-free environment. 

ECL Input/Output DC Characteristic$' 
(TA = -40°C to +85°C, v cc = 5 v ±5%, v EE = -4.5 v ±7% or -5.2 ± 5%) 

S_ymbol Parameter Test Conditions S!g_nal Name Min Max Unit 

V1L1 Input LOW Voltage Guaranteed Input LOW Voltage -2.00 -1.47 Volts 
for all single ended inputs 

V1H1 Input HIGH Voltage Guaranteed Input HIGH Voltage -1.18 -0.80 Volts 
for all single ended inputs 

V1L2 Input LOW Voltage Guaranteed Input LOW Voltage -2.00 -0.70 Volts 
for all differential inputs 

V1H2 Input HIGH Voltage Guaranteed Input HIGH Voltage -1.75 -0.45 Volts 
for all. differential inputs 

V102,4 Input DIFF Voltage Guaranteed Input DIFF Voltage 0.25 1.40 Volts 
for all differential inputs 

VEE =MAX, VIL= -1.95V LOS -0.50 20.00 uA 
l1L Input LOW Current 

SERDATIP,SERDATIN, VEE= MAX, Vo1FF = 0.5V REFCLKP REFCLKN 
-1.0 20.00 uA 

VEE= MAX, V1H = -o.aov LOS -0.50 20.00 uA 
l1H Input HIGH Current 

VEE= MAX, VDIFF = 0.5V SERDA TIP ,SERDA TIN, 
REFCLKP,REFCLKN 

-1.0 20.00 uA 

Vol Output LOW Voltage 50Q to -2V termination -2.00 -1.50 Volts 

VoH Output HIGH Voltage 50Q to -2V termination -1.11 -0.62 Volts 

1. Single Ended Inputs 
2. Differential ECL Inputs 
3. These conditions will be met with an airflow of 400 LFPM. 
4. When not used, tie the negative differential input to ground (OV), and tie the positive differential input to -2.0V. 
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Figure 6. Differential ECL Input and Output Applications 
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Ordering Information 

GRADE PART 

S-commercial/ 3014 

Industrial 

~ \ 
x xxxx 

Grade Part number 

7-40 

PACKAGE SPEED GRADE 

A-44 PLCC (com only) 1 -155 MbiVs 

D-44 PLCC TEP 6-622 MbiVs 

I 
x x 

Package Speed Grade 
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DEVICE SPECIFICATION 
AMCC® 

E4/STM-1/0C-3 ATM INTERFACE CIRCUITS S3015/S3016 

FEATURES 

• Complies with ANSI, Bellcore, and ITU-T 
specifications 

• On-chip high-frequency PLL for clock 
generation and clock recovery 

• On-chip analog circuitry for transformer driver 
and equalization 

• Supports 139.264 Mbit/s (E4) and 155.52 Mbit/s 
(OC-3) transmission rates 

• Supports 139.264 Mbit/s and 155.52 Mbit/s 
Coded Mark Inversion (CMI) interfaces 

• Reference frequencies of 19.44 (OC-3) or 
17.408 MHz (E4) 

• Interface to both PECL and TTL logic 
• Lock detect on clock recovery device 
• Low jitter PECL interface 
• 1.6W total typ power 
• +5V only power supply 
• Small 52 PQFP TEP package 
• Supports both electrical and optical interfaces 

APPLICATIONS 

• ATM over SONET 
• OC-3/STM-1 or E4-based transmission systems 
• OC-3/STM-1 or E4 modules 
• OC-3/STM-1 or E4 test equipment 
• Section repeaters 
• Add drop multiplexors 
• Broadband cross-connects 
• Fiber optic terminators 
• Fiber optic test equipment 

Figure 1a. Electrical Interface 

E4/STM-1/0C-3 139/155 Mbls NRZ 

OVERHEAD 
PROCESSOR 

1391155 Mbls NRZ 

GENERAL DESCRIPTION 

The S3015 transmitter and S3016 receiver derive high 
speed timing signals for SONET/SDH or PDH-based 
equipment. These circuits are implemented using 
AMCC's proven Phase Locked Loop (PLL) technology. 
Figures 1 a and 1 b show typical network applications. 

The S3015 and S3016 each have an on-chip VCO 
which can be synchronized directly to the incoming data 
stream. The chipset can be used with a 19.44 MHz 
reference clock when operated in the SONET/SDH OC-
3 mode. In E4 mode the chipset can be operated with a 
17.408 MHz reference clock in support of existing 
system clocking schemes. On-chip coded-mark-inver
sion (CMI) encoding and decoding is provided for 
139.264 Mbit/s and 155.52 Mbit/s interfaces. 

The low jitter PECL interface guarantees compliance 
with the bit-error rate requirements of the Bellcore, 
ANSI, and ITU-T standards. The S3015/S3016 chipset 
is packaged in a .65mm pitch, compact 52-pin PQFP, 
offering designers a small package outline. 

The S3015 and S3016 provide the major components 
on-chip for a coaxial cable interface, including analog 
transformer driver circuitry and equalization interface 
circuitry. 

COAX S3015 139/155MblsCMI XFMR 

S3016 1391155 Mbls CMI XFMR <COAX 

OSC~"'--1~7.408/1;::::::.~9.~~-M~hz ......... 

Figure 1 b. Optical Interface 

E4/STM·1/0C-3 --15-.5-Mbl;;,;;•.-NR""z,__ _________ ~ -

OVERHEAD ~ 
PROCESSOR 

155 MHz 155 Mbls NRZ 

53015 53016 
155 MblsNRZ 
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SONET/SDH OVERVIEW 

Synchronous Optical Network (SONET) is a standard 
for connecting one fiber system to another at the optical 
level. SONET, together with the Synchronous Digital 
Hierarchy (SDH) administered by the ITU-T, form a 
single international standard for fiber interconnect be
tween telephone networks of different countries. SON ET 
is capable of accommodating a variety of transmission 
rates and applications. 

The SONET standard is a layered protocol with four 
separate layers defined. These are: 

• Photonic 
• Section 
• Line 
• Path 

Figure 2 shows the layers and their functions. Each of 
the layers has overhead bandwidth dedicated to admin
istration and maintenance. The photonic layer simply 

Table 1. SONET Signal Hierarchy 

Elec. ITU-T Optical 
STS·1 OC-1 

• .. •.·.··- hi 
STS-12 STM-4 OC-12 

STS-24 OC-24 

STS-48 STM-16 OC-48 

Figure 2. SONET Structure 
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. r'' 
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Channel) 

Path layer 

Line layer 576 Kbps 

Section layer 192 Kbps 

Photonic layer Obps 

~ 
End Equipment ~ End Equipment 
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handles the conversion from electrical to optical and 
back with no overhead. It is responsible for transmitting 
the electrical signals in optical form over the physical 
media. The section layer handles the transport of the 
framed electrical signals across the optical cable from 
one end to the next. Key functions of this layer are 
framing, scrambling, and error monitoring. The line 
layer is responsible for the reliable transmission of the 
path layer information stream carrying voice, data, and 
video signals. Its main functions are synchronization, 
multiplexing, and reliable transport. The path layer is 
responsible for the actual transport of services at the 
appropriate signaling rates. 

Data Rates and Signal Hierarchy 

Table 1 contains the data rates and signal designations 
of the SONET hierarchy. The lowest level is the basic 
SON ET signal referred to as the synchronous transport 
signal level-1 (STS-1). An STS-Nsignal is made up of 
Nbyte-interleaved STS-1 signals. The optical counter
part of each STS-N signal is an optical carrier level-N 
signal (OC-N). The S3015/S3016 chipset supports OC-
3 rates (155.52 Mbit/s). 

Frame and Byte Boundary Detection 

The SONET/SDH fundamental frame format for STS-3 
consists of nine transport overhead bytes followed by 
Synchronous Payload Envelope (SPE) bytes. This pat
tern of 9 overhead and 261 SPE bytes is repeated 
nine times in each frame. Frame and byte boundaries 
are detected using the A 1 and A2 bytes found in the 
transport overhead. (See Figure 3.) 

For more details on SONET operations, refer to the 
ANSI SONET standard document. 

Figure 3. STS-3 Frame Format 

IS!llmllll!r!!i!Eliil!li!lal!IC1C1 C1 
81 • • E1 • • F1 • • 
01 • • 02 • • 03 • • 

R g H1 H1 H1 H2 H2 H2 H3 H3 H3 
ows 82 82 82 K1 • • K2 • • 

04••05••05·· 
01··os··oe·· 
010* • 011· • 012' 
Z1 Z1 Z1 Z2 Z2 Z2 E2 

Transport Overhead 

9 Columns 

9 x 261 = 
2349 bytes 

Synchronous 
Payload 

Envelope 

4-------12sµsec ------• 
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S3015/S3016 OVERVIEW 

The 83015 transmitter and the 83016 receiver can be 
used to implement the front end of 8T8-3, OC-3 or E4 
equipment. The block diagrams in Figures 4 and 1 O 
show the basic operation of both chips. 

When serial data is present at the input of the transmitter, 
the 83015 VCOsynchronizes directly to the incoming data, 
which is retimed for the purpose of optional CMI encod
ing. In the absence of incoming serial data, the 83015 
operates as a clock synthesizer. In this mode, a crystal 
oscillator is connected to the TTL reference input and 
synthesized up to the 155 MHz output frequency. The 
83016 receiver performs clock recovery by synchroniz
ing its on-chip VCO directly to the incoming data stream._ 

The 83015 provides a PECL output for an optical 
interface and two transformer driver outputs for an 
electrical interface. One of these drivers is a monitor 
output. The 83016 provides a PECL input for an optical 
interface and an analog input for an electrical interface. 

When the chipset is used in an electrical interface, the 
PECL output of the transmitter can be connected to the 
PECL input of the receiver to implement a diagnostic 
loopback mode for test. When the chipset is used in an 
optical interface, a transformer driver output of the 
transmitter can be connected to the analog input of the 
receiver to implement the loopback mode. 

53015 TRANSMITTER 
FUNCTIONAL DESCRIPTION 

The 83015 transmitter chip performs the last stage of 
digital processing of a transmit 80NET 8T8-3 or ITU
T E4 bit serial data stream. A Coded Mark Inversion 
(CMI) encoder can be enabled for encoding 8T8-3 
electrical and E4 signals. 

Clock Recovery 

If serial data is present on the 8ERDATIP/N inputs, the 
clock is recovered from the serial data stream at 139.264 
MHz or 155.52 MHz and synthesized to 278.528 MHz 
or 311.04 MHz to CMI encode the incoming data. 

Optical and Electrical Interfaces 

The digital data outputs (8ERDATOP/N) are the PECL 
outputs for an optical interface and are to be connected 
to an electrical to optical converter, as shown in Figure 
18. This data is also routed to two on-chip transformer 
drivers and sent out on XFRMDRVA and XFRMDRVB 
to drive the transformers of the electrical interface, as 
shown in Figure 20. These outputs are shut off when the 
reset is active, XFRMEN is active, or when the chip is 
in NAZ mode and the data inputs are in the logic zero 
state. The electrical characteristics for the transformer 
drivers are shown in Table 5. 

Figure 4. 53015 OC3/STM-1/E4 Transmitter Functional Block Diagram 
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CMI Encoding 

Coded Mark Inversion format (CMI) ensures at least 
one data transition per 1.5 bit periods, thus aiding 
the clock recovery process. Zeros are represented 
by a Low state for one half a bit period, followed by 
a High state for the rest of that bit period. Ones are 
represented by a steady Low or High state for a full 
bit period. The state of the ones bit period alternates 
at each occurrence of a one. Figure 5 shows an 
example of CMl-encoded data. The STS-3 electrical 
interface and the E4 interface are specified to have 
CMl-encoded data. 

The CMI encoder on the 83015 accepts serial data 
from SERDATIP/N at 139.264 or 155.52 Mb/s. The 
data is then encoded into CMI format, and the result 
is shifted out with transitions at twice the basic data 
rate. The CMISEL input controls whether the CMI en
coder is in the data path. A CMI code violation can be 
inserted for diagnostic purposes by activating the 
DLCV input. The DLCV input is sampled on every 
cycle of the serial clock to allow a single or multiple 
line code violations to be inserted. This violation is 
either an inverted zero code or an inversion of the 
alternating ones logic level, depending on the state of 
the data. Subsequent one codes take into account 
the induced violation to avoid error multiplication. 

Jitter Generation 

Jitter Generation is defined as the amount of jitter at the 
OC-3 or E-4 output of equipment. Jitter generation for 
OC-3 shall not exceed O.Q1 UI rms when measured 
using a highpass filter with a 12 kHz cutoff frequency. 

For STM-1 and E4, the jitter generated shall not exceed 
the specifications shown in Figure 6. 

In order to meet the SONET, STM-1 E4 jitter specifica
tions as shown in Figure 6, the SERDATIP/N serial data 
input must meet the jitter characteristics as shown in 
Figure 7. 

7-44 

Figure 5. CM/ Encoded Data 

0 0 0 

:UD. 
Figure 6. Jitter Generation Specifications 
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Figure 7. 53015 Maximum Allowable Input Jitter 
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Figure 8. Mask of a pulse corresponding to a binary 0 Compliant to G.703 

-zero level 

v 
0.60 
a.SS 
0.50 
0.'45 
O • .tlO 

Po1itive 
tr•n•ltion 
•tmld-unlt 
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Figure 9. Mask of a pulse corresponding to a binary 1 Compliant to G.703 

Notes: 

Nominal 
zero level 

v 
D.60 
0.55 
0.50 
D.45 
0.40 

0.05 

-0.05 

-0.40 
-0.45 
-Cl.SO 
-0.SS 
-0.60 

Neg1tive 
tran1itlon 

T 

t= 1.35 ns for E4 
1.20 ns for 155 CMI 

Positive 
transition 

T = 7.18 ns for E4 
6.43 ns for 155 CMI 

1. The maximum "steady state" amplitude should not exceed the 0.55 V limit. Overshoots and other transients are 
permitted to fall into the dotted area, bounded by the amplitude levels 0.55 V and 0.6 V, provided that they do not 
exceed the steady state level by more than 0.05 V. The possibility of relaxing the amount by which the overshoot may 
exceed the steady state level is under study. 

2. For the purpose of these masks, the rise time and decay time should be measured between -0.4 V and 0.4 V, and 
should not exceed 2 ns. 

3. The inverse pulse in Figure 9 will have the same characteristics, noting that the timing tolerances at the zero level of the 
negative and positive transitions are ±0.1 ns and ±0.5 ns respectively. 
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53016 RECEIVER FUNCTIONAL 
DESCRIPTION 

The S3016 receiver provides the first stage of digital 
processing of a receive SONET STS-3 or ITU-T E4 serial 
bit stream. A Coded Mark Inversion (CMI) decoder can 
be enabled for decoding STS-3 electrical and E4 signals. 

Clock recovery is performed on the incoming 
scrambled NRZ or CMl-<:oded data stream. A reference 
clock is required for phase locked loop start-up and 
proper operation under loss of signal conditions. An 
integral prescaler and phase locked loop circuit is used 
to multiply this reference frequency to the nominal bit rate. 

Clock Recovery 

The Clock Recovery function, as shown in the block 
diagram in Figure 10, generates a clock that is fre
quency matched to the incoming data baud rate at 
the SERDATIP/N differential inputs. The clock is 
phase aligned by a PLL so that it samples the data 
in the center of the data eye pattern. 

The phase relationship between the edge transitions 
of the data and those of the generated clock are 
compared by a phase/frequency discriminator. Output 
pulses from the discriminator indicate the required 
direction of phase corrections. These pulses are 
smoothed by an integral loop filter. The output of the 
loop filter controls the frequency of the Voltage Con-

trolled Oscillator (VCO), which generates the recov
ered clock. Frequency stability without incoming data 
is guaranteed by an alternate reference input 
(REFCKIN) to which the PLL locks when data is lost. 

When the test clock enable (TSTCLKEN) input is set 
high, the clock recovery block is disabled. The refer
ence clock (REFCKIN) is used as the bit rate clock 
input in place of the recovered clock. This feature is 
used for functional testing of the device. 

The loop filter transfer function is optimized to enable 
the PLL to track the jitter, yet tolerate the minimum 
transition density expected in a received SONET or 
E4 data signal. This transfer function yields a typical 
capture time of 16 µs for random incoming NAZ data. 

The total loop dynamics of the clock recovery PLL yield 
a jitter tolerance which exceeds the minimum tolerance 
proposed for OC-3/STM-1 /E4 equipment by the Bellcore 
and ITU-T documents, shown in Figure 13. 

Optical and Electrical Interfaces 

The digital data inputs (SERDATIP/N) are the PECL 
inputs from an optical to electrical converter, as shown 
in Figure 16. The data input for the coaxial interface is 
ANDATIN, which is the serial data inputfrom the equal
izer circuit and should be connected as shown in Figure 
17. The EQUALSEL input is used to select either 
SERDATIP/N or ANDATIN. 

Figure 10. 53016 OC-3/STM-1/E4 Receiver Functional Block Diagram 
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CMI Decoding 

The CMI decoder block on the 83016 accepts serial 
data from the SEADATIP/N input at the rate of 139.264 
or 155.52 Mb/s. The incoming CMI data, which has 
transitions that represent this data rate (the clock asso
ciated with this data would be running at twice this rate), 
is then decoded from CMI to NAZ format. 

Loss of Signal 

The clock recovery circuit monitors the incoming data 
stream for loss of signal. If the incoming encoded data 
stream has had no transitions continuouslyfor96 to 224 
recovered clock cycles, loss of signal is declared and 
the PLL will switch from locking onto the incoming data 
to locking onto the reference clock per the requirements 
of G. 775. Altematively, the loss-of signal (LOSIN) input 
can force a loss-of-signal condition. This signal is com
pared internally against the LOSAEF input reference 
voltage. This input can be set to meet the conditions 
shown in Figure 11. If the zero to peak signal level drops 
below the LOSAEF/20 voltage level for more than 96 to 
224 bit intervals, a loss of signal condition will be 
indicated on the LOSOUT pin and the PLL will change 
its reference from the serial data stream to the reference 
clock. When the peak input voltage is greater than 
LOSAEF/10, the loss of signal condition will be 
deasserted and the PLL will recover the clock from the 
serial data inputs. 

In NAZ mode, a logic low level on the LOSOPT input will 
cause the PLL to change its reference to the reference 
clock. This pin should be driven by a PECL compatible 
level signal detect signal from the fiber optic receiver. 

Figure 11. Criteria for determination of transition 
conditions. Compliant to G.775. 

nominal value 

17 

35 

Level below Nominal 

I 
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t 

must be declared 

The signal level 17 is {maximum cable loss +3) 
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The signal level 35 is greater than the maximum 
expected cross-talk level. 
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Serial Clock Output to Data Output Timing 

The serial data is clocked out on the falling edge of 
SEACLKOP. (See Figure 12.) This timing is valid in 
both NAZ and CMI modes. 

Input Jitter Tolerance 

Input jitter tolerance is defined as the peak to peak 
amplitude of sinusoidal jitter applied on the input signal 
that causes an equivalent 1 dB optical/electrical power 
penalty. OC-3 and E-4 input jitter tolerance require
ments are shown in Figure 13. 

The 83016 PLL complies with the minimum jitter toler
ance for clock recovery proposed for SONET/SDH 
equipment defined by the Bellcore TA-NWT-000253 
standard when used as shown in Figure 13. The 83016 
PLL also complies with the minimum jitter tolerance for 
clock recovery as defined in the ITU-T E4 specification 
when used as shown in Figure 17. 

Figure 12. 53016 Clock to Data Timing 
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Figure 13. Clock Recovery Jitter Tolerance 
Compliant to G.823 and G.825 
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Reference Clock Input 

The reference clock input seen in Figure 1 O provides 
backup reference clock signals to the clock recovery 
block when the clock recovery block detects a loss of 
signal condition. It contains a counter that divides the 
clock output from the clock recovery block down to the 
same frequency as the reference clock REFCKIN. 

OTHER OPERATING MODES 

Diagnostic Loopback 

When the chipset is used in an electrical interface, the 
serial data output (SERDATOP/N) of the transmitter 
can be connected the serial data input (SERDATIP/N) 
of the receiver to implement a loopback test for diagnos
tic purposes, as shown in Figure 14. In this mode, 
SERDA TEN on the transmitter and EQUALSEL on the 
receiver are both held low. LOSOPT on the receiver is 
held high or not connected. 

Figure 14. Loopback Diagram 

Control ~1 S3015 ~-: 
0 I :;:::: -5 I 
en ca 1 
g £.1 
Cl 0 I i5 _3 I 

I 
I 

.,...1 

CLK -- S3016 .. 

7-48 

Test Mode 

The Test Clock Enable (TSTCLKEN) inputs on both 
chips provide access to the PLL. 

The PLL-generated clock source on both the S3015 
and S3016 can be bypassed by setting TSTCLKEN 
high. In this mode, an externally generated clock source 
must be applied at the REFCLKIN input. 

Clock Synthesis 

In the Clock Synthesis mode, the S3015 synthesizes 
the E4 (139.264 MHz) clock from a 17.408 MHz crystal 
oscillator or the STS-3/STM-1 ( 155.52 MHz) clock from 
a 19.44 MHz crystal oscillator. In this mode, a crystal 
oscillator is connected to the TTL reference input and 
synthesized up to the output frequency. 

The S3015 PLL complies with jitter generation for clock 
synthesis proposed for SONET/SDH equipment de
fined by the Bellcore TA-NWT-000253 standard, when 
used with a crystal reference source as defined in Table 4. 
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53015 Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin # Description 

REFCKIN TTL I 10 Reference clock. Input used as the reference for the internal bit 
clock frequency synthesizer. 

TSTCLKEN TTL I 35 Test clock enable signal, active high, that enables the reference 
clock to be used in place of the VCO for testing. Allows a means 
of testing the functions of the chip without the use of the PLL. 
Set low for normal operation. 

DLCV Single-- I 34 Diagnostic line code violation, set high to force a CMI line code 
ended violation. DLCV is only active in CMI mode. DLCV is sampled on 
PECL the falling edge of SERCLKOP. 

CMISEL TTL I 33 CMI select, used to select CMI or NAZ. A logic high selects CMI 
mode. A logic low selects NAZ mode. Both the SERDATOP/N 
and the XFRMDRV outputs are controlled by CMISEL. 

RSTB TTL I 24 Reset input for the device, active low. Initializes the device to a 
known state. When active, all data outputs are held low. Clock 
outputs are still active during reset. 

CAP1 - I 1 The loop filter capacitor is connected to these pins. The 
CAP2 52 capacitor value should be 0.1 µf ± 10% tolerance, X7R dielectric. 

50 V is recommended (16 V is acceptable}. 

SERDATIP Diff. I 45 Serial data in. The clock is recovered from transitions on these 
SERDATIN PECL 46 inputs. No phase relationship to REFCKIN is required. 

XFRMEN TTL I 23 Transformer driver enable used to enable the transformer driver • outputs. A logic low enables XFRMDRVA and XFRMDRVB. A 
logic high turns off the transformer driver outputs. 

SERDATEN TTL I 5 Serial data enable, used to enable the serial data outputs. A 
logic low enables SERDATOP/N. A logic high turns off the serial 
data outputs. 

SERDATOP Diff. 0 7 Serial data out signal. In NAZ mode, this signal is the delayed 
SERDATON PECL 6 version of the incoming data stream (SERDATIP/N) updated on 

the falling edge of Serial Clock Out (SERCLKOP). In CMI mode, 
this signal is the CMl-encoded version of SERDATIP/N. 

SERCLKOP Diff. 0 29 Serial clock out signal that is a 155 MHz clock that is phase-
SERCLKON PECL 30 aligned with Serial Data Out (SERDATO) in NAZ mode. In CMI 

mode, SERCLKOP/N cannot be used. 

REFCKOUT TTL 0 11 Single-ended TTL reference clock output. 

Applied Micro Circuits Corporation 
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53015 Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 

XFRMDRVA Analog 0 

XFRMDRVB Analog 0 

AVEE OV -

AVCC +5V -

ECLVCC -

ECLVEE OV -

TTLGND GND -

TTLVCC +5V -

NC - -

7-50 

Pin # 

20 

21 

2, 22, 39, 
42,43 

3, 19, 38, 
40,48 

4, 9, 12, 
15, 25, 

28, 31,37 

8, 32,36 

13,27 

14,26 

16, 17, 
18, 41, 
44, 47, 
49, 50, 

51 

Description 

Transformer driver A, used to drive the transformer of the 
electrical interface. For E4 operation, this output should be 
connected per Figure 19 to provide the correct G.703 compatible 
output levels from the transformer when connected to the 
specified 75Q cable. 

Transformer driver B, used to drive the monitor transformer of 
the electrical interface. This output should be connected per 
Figure 20 to provide the correct output levels from the 
transformer when connected to the specified 75Q cable. 

Analog OV 

Analog +5V 

Digital OV 

TTL Power Supply (+5V if TTL) 

No Connection 

Applied Micro Circuits Corporation 
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53016 Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin # Description 

BU FINA Analog I 22 Buffer inputs to the equalizer network buffer circuit. This circuit 
BU Fl NB 23 provides a high impedance load to the transformer termination 

network in order to comply with the required return loss 
specifications. These pins should be connected as shown in 
Figure 17. These pins are electrically equivalent. 

ANDATIN Analog I 16 Analog serial data input from the equalizer circuit. It must be 
connected to the output of the equalizer circuit as shown in 
Figure 17. When the S3016 is used with a fiber optic receiver, 
this input should be left open and the SERDATIP/N inputs 
should be used. 

EQUALSEL TTL I 33 Equalization select used to select SERDATIP/N or ANDATIN. A 
logic high selects ANDATIN. 

REFCKIN Single- I 10 Input used as the reference for the VCO when the input data 
ended signal is lost. 
TTL 

SERDATIP Diff. I 45 Serial data in. Clock is recovered from transitions on these 
SERDATIN PECL 46 inputs when selected by EQUALSEL. 

TSTCLKEN TTL I 35 Test clock enable signal, active high, that enables the reference 
clock to be used in place of the VCO for testing. Allows a means 
of testing the functions of the chip without the use of the PLL. 

CM IS EL TTL I 32 CMI Select used to select CMI or NRZ. A logic high selects CMI 
mode. Either ANDATIN or SERDATIN may be used as inputs to • the CMI decoder. 

RSTB TTL I 34 Reset input for the device, active low. Initializes the device to a 
known state, shuts off SERCLKOP/N, and forces the PLL to 
acquire to the reference clock. A reset of at least 16 ms should 
be applied at power-up and whenever it is necessary to 
reacquire to the reference clock. The S3016 will also reacquire 
to the reference clock if the serial data is held quiescent 
(constant ones or constant zeros) or LOSIN or LOSOPT are 
activated for at least 224 bit intervals. 

Applied Micro Circuits Corporation 
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53016 Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 

LOSIN Analog I 

LOSO PT PECL I 

LOSREF Analog I 

CAP1 - I 
CAP2 

LOSO UT TTL 0 

SERDATOP Diff. 0 
SERDATON PECL 

SERCLKOP Diff. 0 
SERCLKON PECL 

LCV Single- 0 
ended 
PECL 

7-52 

Pin # 

18 

4 

19 

1 
52 

5 

6 
7 

28 
29 

31 

Description 

Loss of signal in. A single-ended input that indicates a loss of 
received signal. When the signal level at LOSIN drops below the 
voltage level set by LOSREF for greater than 96 to 224 bit 
intervals, the data on Serial Data Out (SERDATOP/N) will be 
forced to a constant low, and the PLL will change its reference 
from the serial data stream to the reference clock. This input is 
to be driven by the external bandpass filter and peak detect 
circuit as shown in Figure 17. This signal must be used to 
assure correct automatic reacquisition to serial data following an 
interruption and subsequent reconnection of the data path. This 
will assure that the PLL does not "wander" out of reacquisition 
range when no signal is applied. When LOSIN is inactive, data 
on the SERDATIP/N pins will be processed normally. 

Loss of optical signal input, active low. It has the same 
functionality as LOSIN, except that it is used in optical mode 
instead of electrical. It should be driven by the external optical 
receiver module to indicate a loss of received optical power. 

Loss of signal reference that sets the comparator levels for 
LOSIN. (See Table 6.) 

The loop filter capacitor is connected to these pins. The 
capacitor value should be 0.1 µf ±10% tolerance, X7R dielectric. 
50 V is recommended. 

Loss of signal out, active low. Clock recovery indicator. Set high 
when the internal. clock recovery has locked onto the incoming 
datastream. LOSOUT is an asynchronous output. This output is 
deasserted when there is no incoming serial data input or when 
the received signal has dropped below the reference voltage set 
by LOSREF for more than 96 to 224 bit intervals. In this case, 
the PLL locks to the reference clock. 

Serial NRZ data out signal. It can be either a delayed version of 
the NRZ data input (NRZ mode) or the decoded CMI data (CMI 
mode). SERDATOP/N is updated on the falling edge of 
SERCLKOP/N per Figure 12. 

Serial clock out signal that is phase-aligned with Serial Data Out 
(SERDATOP). (See Figure 12 and Table 3 for timing.) 

Line code violation that is set high to indicate that the current bit 
contains a CMI line code violation in CMI mode. LCV is updated 
on the falling edge of SERCLKOP/N per Figure 12. In NRZ 
mode, this is a test output. 

Applied Micro Circuits Corporation 
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S3016 Pin Assignment and Descriptions (Continued) 

Pin Name Level 110 Pin # Description 

BU FOUT Analog 0 20 Buffer output of the equalizer network buffer circuit. This circuit 
provides a low impedance driver to the equalizer circuit. This pin 
should be connected as shown in Figure 17 to drive the 
equalizer network. 

REFCKOUT TTL 0 11 Single-ended TTL reference clock output (19.44 MHz). 

AVEE OV - 2, 17, 21, Analog OV 
39,42, 

43 

AVCC +5V - 3, 15, 24, Analog +5V 
38, 40, 

48 

ECLVEE ov - 8,36 Digital OV 

ECLVCC +5V - 9, 12, 25, Digital +5V 
30, 37 

TTLGND GND - 13,27 TTL Ground 

TTLVCC +5V - 14,26 TTL Power Supply (+5V if TTL) 

NC - - 41, 44, No Connection 
47,49, 
50,51 

• 
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. 15 52-Pin PQFP Package and Heatsink 

10· 

1.40 

_J~ 
0.65 

All dimensions nominal in mm. 
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E4/STM-1/0C-3 AT 

DW0045-29 

II 12.7--l r-- DIA 

NOTES: 2024-T4. 
1. MATERIAL: ~ ~~gtiizto HOT WATER 
2. FINISH: ~LED PER MIL.:.A-8625C. 
J. TYPE 11, CLASS 1. 

TS 
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Absolute Maximum Ratings 
PARAMETER MIN TYP MAX UNIT 

Case Temperature under Bias -55 125 •c 
Junction Temperature under Blas -55 150 •c 
Stor~e Temperature -65 150 •c 
Volta~ on VCC wHh Respect to GND -0.5 +7.0 v 
Voltage on ~TTL Input Pin -0.5 +5.5 v 
Vo~ on An_}'._PECL Input Pin VCC-3 vcc v 
TTL O~ Sink Current 20 mA 

TTL Output Source Current 10 mA 

High Speed PECL Output Source 

Current 50 mA 

Static Discharge Volt~e 500 v 

Recommended Operating Conditions 
PARAMETER MIN TYP MAX UNIT 

Ambient Temperature under Bias -40 85 •c 
Junction Temperature under Bias -10 +125 •c 
Volt~e on VCC with Res_.£!1ct to GND 4.75 5.0 5.25 v 
Volt~e on Ai:!Y.. TTL ~t Pin 0 vcc v 
Volt~e on Ai:!Y..PECL Input Pin VCC-2 vcc v 
S3015 ICC 141 240 mA 

S3016 ICC 180 240 mA • 

Applied Micro Circuits Corporation 
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Table 2. S3015/S3016 Clock Recovery Mode Performance Specifications 

Parameter Min Typ Max Units Condition 

NominalVCO 
622.08 MHz Given REFCKIN = VCO + 32 Center Frequency 

Oc-3/STS-3 

Lock Range +8, -12 o/o With respect to fixed reference 
frequency 

Acquisition Lock Time 1 64 µsec With device already powered up 
and valid REFCLK 

Reference Clock 
30 70 o/o of UI Input Duty Cycle 

Reference Clock Rise & 
5.0 Fall Times ns 1 Oo/o to 90% of amplitude 

PECL Output Rise & Fall 
850 ps 10% to 90%, 50'2 load, 

Times 5 pf cap 

Reference Clock -100 100 Frequency Tolerance ppm 

IPsER 

SERCLKOP Falling to 100 500 ps See Figure 13 
SERDATO Valid Prop 
Delay 

1. Specification based on design values. Not tested. 

Table 3. S3015 Clock Synthesis Mode Performance Specifications 
Parameter Min Typ Max Units Condition 

PECL Data Output Jitter In CSU mode, given 
(S3015 SERDATOP/N) 

OC-3/ST8-3 64 ps(rms) • 56 ps rms jitter on 
REFCKIN in 12KHz to 
1 MHz band 

E4-STS-3 CMI 32 • 28 ps rms jitter on 
REFCKIN in 12KHz to 
1 MHz band 

Reference Clock 
Frequency Tolerance Required to meet SONET output 

Clock Synthesis -20 +20 ppm jitter generation specification 

Table 4. Electrical Characteristics for Transformer Driver (1) 

(V cc= +5V, T• = +25°C, input AC coupled unless otherwise noted.) 

Parameter Min Typ Max 

Operating Frequency 155 

VSWR(2) 1.3:1 1.5:1 

1. For output waveform characteristics, see Figures 8 and 9. 
2. Up to 250 MHz. 

Units Condition 

MHz 270 n II 3pF load 

75 ll A.C. Coupled Termination 

Applied Miao Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



AMCC 
E4/STM-1/0C-3 ATM INTERFACE CIRCUITS 53015/53016 

Table 5. Electrical Characteristics for ANDA TIN Input 
(Vee= +5V, T, = +25°C, Input AC coupled unless otherwise noted.) 

PARAMETER SYMBOL CONDITIONS MIN 

Peak to Peak Input Voltage Range V;p1p 

Common-Mode Rejection Ratio CMRR<1l 

Power-Supply Rejection Ratio PSRR<1l 

Input Sensitivity SIN TA= MIN to MAX 

DC offset at input (2) 

1. Up to 300 KHz 
2. Signal is undefined if left floating 

Table 6. Electrical Characteristics for LOSIN Input 
(V cc= +5V, T, = +25°C, input AC coupled unless otherwise noted.) 

40 

40 

110 

PARAMETER SYMBOL CONDITIONS MIN 

Peak to Peak Input Voltage Range V1p1p 

Common-Mode Rejection Ratio CMRR<1> 40 

Power-Supply Rejection Ratio· PSRR(1) 

Signal Level for LOS detected<3> 
LOS-

TA= MIN to MAX REF/30 

Signal Level for LOS cleared <3> TA= MIN to MAX 
LOS-

REF/15 

Hysterisis between 'trans. cond." 
4 

and "no trans. cond. • (2) 

1. Up to 300 KHz 
2. LOSREF >0.5 volts 
3. LOS detected and LOS cleared will maintain 2:1 ratio ±5%. 

Below are typical operating conditions: 

Voltage Applied at 
LOSREF 

Compare Voltage #1 Compare Voltage #2 

1.4Volts 
0.7Volts 
0.3Volts 

Applied Micro Circuits Corporation 

140 mV ± 0.6dB 
70mV±1dB 

30mV± 1.6dB 

6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

70mV±1dB 
35mV± 1.6dB 
15mV±3.5dB 

TYP MAX UNITS 

1.3 

Vcc·1V 

TYP MAX 

1.1 

35 

LOS- LOS-
REF/20 REF/10 

LOS- LOS-
REF/10 REF/5 

6 

Hysterisis 

6dB +1.6 -1.4dB 
6dB +2.7 -2.0dB 
6dB +6.0 -3.7dB 

v 

dB 

dB 

mv· 

v 

UNITS 

v 
dB 

dB 

VN 

VN 

dB 
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Table 7. Electrical Characteristics for BUFIN, BUFOUT 
At V cc= +5VDC, RLoAo = 750 a.c. coupled and TA= 25°C unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

OUTPUT CHARACTERISTICS (BUFOUT) 
Voltage Output ±0.6 ±0.8 v 

Output Resistance 1 3 8 n 
TRANSFER CHARACTERISTICS 

.85 .93 1.1 
Gain (BUFIN to BUFOUT)(1l VN 

VSWR(2) VSWR 
With 75 ohm AC coupled 1.3:1 1.5:1 
termination 

Input= 0.3V p-p 35 40 
Harmonic Distortion(2) HD Input= 0.6V p-p 30 35 dBc 

Input= 1.2V p-p 25 30 

DC Input Bias Input externally AC coupled Voe -0.85 v 

DC Output Bias Output externally AC coupled Voe -2.5 v 

1. Up to 300 MHz 
2. Up to 250 MHz 

Thermal Management 

0ja Still Air Max Still Air1 

Device Power w/DW0045-29 w/DW0045-29 

$3015/$3016 1.25W 37.5°C/W as·c 
1. Max ambient temperature permitted in still air to maintain Tj <130°C. 

7-58 
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TTL Input/Output DC Characteristics 
(T• = -40°C to +85°C, V00 = 5 V ±5%) 

Symbol Parameter Min Typ Max Unit Conditions 
V1L1 Input LOW Voltage 0.8 Volts Guaranteed Input LOW Voltage 

V1H1 Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Voltage 

l1L Input LOW Current -400.0 µA Vee= MAX, VJN = 0.5V 

IJH Input HIGH Current 50.0 µA Vee= MAX, VJN = 2.7V 

11 Input HIGH current at 1.0 mA Vee= MAX, VJN = 5.5V 
Max. VCC 

ios Output Short Circuit Current -100.0 -25.0 mA Vee= MAX, VouT = 0.5V 

VJK Input Clamp Diode Voltage -1.2 Volts Vee= MIN, IJN = -18 ma 

VOL Output LOW Voltage 0.5 Volts Vee= MIN, loL = 8 ma 

VoH Output HIGH Voltage 2.7 Volts Vee= MIN, loH = -1 ma 

1. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 

PECL Input/Output DC Characteristics 
(T. = -40°C to +85°C, v 00 = 5 V±5%) 

Symbol Parameter Min Typ Max 

VJL Input LOW Voltage Vcc-2.000 vcc-1.441 

V1H Input HIGH Voltage vcc-1.225 vcc·0.570 

VJL Input LOW Voltage Vcc-2.000 Vcc-0.100 

VJH Input HIGH Voltage vcc-1.750 vcc-o.4so 

V1D Input Dill. Voltage 0.250 0.500 1.400 

IJH Input High Current -0.500 20.000 

l1L Input Low Current -0.500 20.000 

VoL Output LOW Voltage vcc-2.000 Vcc-1.500 

VoH Output HIGH Voltage Vee -1.110 vcc-o.e10 

VoD Output Dill. Voltage 0.390 1.330 
.. 

1. These cond1t1ons will be met with no airflow . 
2. When not used, tie the positive differential PECL pin to VCC and the negative 

differential ECL pin to ground via a 3.9K resistor. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

Unit Conditions 

Volts Guaranteed Input LOW Voltage 
for single-ended inputs 

Volts Guaranteed Input HIGH Voltage 
for single-ended inputs 

Volts 
Guaranteed Input LOW Voltage 
for differential inputs 

Volts 
Guaranteed Input HIGH Voltage 
for differential inputs 

Volts Differential Input Voltage 

µA V1D=500mV 

µA V10=500mV 

Volts 50 ohm termination to Vee -2V 

Volts 50 ohm termination to Vee -2V 

Volts Differential Output Voltage 

7-59 
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Figure 16. Differential ECL Input and Output Applications 

Fiber Optic 
Receiver 

100Q 

ECL driver to 
SERDATIP/N input 

Figure 11. 53016 Transformer Input Application 

BU FOUT 
EQUALIZER 

ANDATIN 

LOSIN LOSIN 
COMPENSATOR +5V 

Figure 18. 53015 Differential ECL Output Application 

SERDATOP/N 

Electrical 
1oon to 

Optical 

330'1 

GND 

Figure 19. 53015 Transformer Output Application 

XFRMDRVA 

.01~ L Cable Output 

XFRMDRVB GND 

>-+--~-+----.0-11~ E Monitor Output 
--------' 220Q u• ll__ 

GND 
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Figure 20. OC3 Application 

19.44MHz 

83026 
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83016 

REFCKIN 
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Figure 21. STM-1 CM/, E4 Application 

19.44 MHz 
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Applied Micro Circuits Corporation 

REFCKIN --~2-----
TX_DATA_ +/- 1--+----+-to! 

RX_CLK_+/- i+--1'2'-------t 
2 

RX_DATA_ +/- 1+-+------1 

.01µF 
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Table 8. Suggested Interface Devices 
Processor Interface 

PMC PM5345 SUNI Satum User Network Interface 

PMC PM5346 SUN I-Lite Satum User Network Interface 

PMC PM5347 SUN I-Plus Satum User Network Interface 

IGT WAC-013-A SONET LAN ATM Processor 

TRANSWITCH SYN155 155 MbiVs Synchronizer 

Tl SABRE TDC 1500 155 MbiVs Processor 

AMCC S3011/12 SONET/SDH/ATM OC3 Transmitter & Receiver 

Electrical Interface 

Mini-Circuits MCL TXl-R5 Wideband RF Transformer (Surface Mount) 

Mini-Circuits MCL T0-75 Wideband RF Transformer (Through-Hole) 

Optical Interface 

HP HFBR-520x 155 MbiVs Fiber Optic Transceiver 

CTS ODL-1408X 155 MbiVs Fiber Optic Transceiver 

Sumitomo SDM4123-XC 155 MbiVs Fiber Optic Transceiver 

AMP 269039-1 155 MbiVs Fiber Optic Transceiver 

Ordering Information 

GRADE 

S - Industrial/ 
commercial 

GRADE 

S - Industrial/ 

commercial 

7-62 

TRANSMITTER 

3015 A - 52 TOFP TEP HO - No Heatsink 

w/DW0045-29 heatsink unattached 

RECEIVER 

3016 A - 52 TQFP TEP HO - No Heatsink 

w/DW0045-29 heatsink unattached 

\\ 
x xxxx 

Grade Part number 

X I XX 
Package HO for no heatsink (identifier not marked on part) 
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DEVICE SPECIFICATION 
AMCC® 

SONET/SDH/ATM OC-12 TRANSMITTER AND RECEIVER 53017/53018 

FEATURES 

• Complies with ANSI, Bellcore, and ITU-T 
specifications 

• On-chip high-frequency PLL for clock 
generation and clock recovery 

• Supports 622.08 Mbit/s (OC-12/STM-4) 
• Reference frequency of 77.76 MHz 
• Interface to both PECL and TIL logic 
• 8-bit TIL datapath 
• Compact 52 PQFP TEP package 
• Diagnostic loopback mode 
• Lock detect 
• Low jitter PECL interface 
• < 2.0 Watt per set typically 

APPLICATIONS 
• SONET/SDH-based transmission systems 
• SONET/SDH modules 
• SONET/SDH test equipment 
• ATM over SONET/SDH 
• Section repeaters 
• Add drop multiplexors 
• Broad-band cross-connects 
• Fiber optic terminators 
• Fiber optic test equipment 

Figure 1. System Block Diagram 

Network 
Interface 

Processor 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

GENERAL DESCRIPTION 

The S3017/S3018 SONET/SDH/ATM transmitter and 
receiver chips are fully integrated serialization/ 
deserialization SON ET OC-12 (622.08 Mbit/s) interface 
devices. With architecture developed by PMC-Sierra, 
Inc., the chipset performs all necessary serial-to-paral
lel and parallel-to-serial functions in conformance with 
SONET/SDH transmission standards. The devices are 
suitable for SONET-based ATM applications. Figure 1 
shows a typical network application. 

On-chip clock synthesis is performed by the high
frequency phase-locked loop on the S3017 transmitter 
chip allowing the use of a slower external transmit clock 
reference. Clock recovery is performed on the S3018 
receiver chip by synchronizing its on-chip VCO directly 
to the incoming data stream. The S3018 also performs 
SONET/SDH frame detection. The chipset can be used 
with a 19.44 or 77.76 MHz reference clock, in support of 
existing system clocking schemes. 

The low jitter PECL interface guarantees compliance 
with the bit-error rate requirements of the Bellcore, 
ANSI, and ITU-T standards. The S3017 and S3018 are 
packaged in a compact 52 PQFP, offering designers a 
small package outline. 

Network 
Interface 

Processor 
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SONET OVERVIEW 

Synchronous Optical Network (SONET) is a standard 
for connecting one fiber system to another at the optical 
level. SONET, together with the Synchronous Digital 
Hierarchy (SDH) administered by the ITU-T, forms a 
single international standard for fiber interconnect be
tween telephone networks of different countries. SON ET 
is capable of accommodating a variety of transmission 
rates and applications. 

The SONET standard is a layered protocol with four 
separate layers defined. These are: 

• Photonic 
•Section 
•Line 
•Path 

Figure 2 shows the layers and their funt::tions. Each of 
the layers has overhead bandwidth dedicated to admin
istration and maintenance. The photonic layer simply 
handles the conversion from electrical to optical and 
back with no overhead. It is responsible for transmitting 
the electrical signals in optical form over the physical 
media. The section layer handles the transport of the 
framed electrical signals across the optical cable from 
one end to the next. Key functions of this layer are 
framing, scrambling, and error monitoring. The line 
layer is responsible for the reliable transmission of the 
path layer information stream carrying voice, data, and 
video signals. Its main functions are synchronization, 
multiplexing, and reliable transport. The path layer is 
responsible for the actual transport of services at the 
appropriate signaling rates. 

Data Rates and Signal Hierarchy 

Table 1 contains the data rates and signal designations 
of the SONET hierarchy. The lowest level is the basic 
SON ET signal referred to as the synchronous transport 
signal level-1 (STS-1). An STS-Nsignal is made up of 

Figure 3. STS-12/0C-12 Frame Format 

A1 A1 
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Transport OVerhead 36 Columns 
36 x 9 = 324 bytee 

Nbyte-interleaved STS-1 signals. The optical counter
part of each STS-N signal is an optical carrier level-N 
signal (OC-N). The S3017/S3018 chipset supports OC-
12 rates (622.08 Mbit/s). 

Frame and Byte Boundary Detection 

The SONET/SDH fundamental frame format for STS-12 
consists of 36 transport overhead bytes followed by 
Synchronous Payload Envelope (SPE) bytes. This pat
tern of 36 overhead and 1044 SPE bytes is repeated 
nine times in each frame. Frame and byte boundaries 
are detected using the A 1 and A2 bytes found in the 
transport overhead. (See Figure 3.) 

For more details on SONET operations, refer to the 
ANSI SONET standard document. 

Figure 2. SONET Structure 

Functions 

Payload to 
SPE mapping 

Maintenance, 
protection, 
switching 

Scrambling, 
framing 

Optical 
transmission 

Path layer 

Line layer 

Section layer 
... 

Photonlc layer 

Layer Overhead 
(Embedded Ops 

Channel) 

Path layer 

~ ~ Line layer 576Kbps 

Section layer 192 Kbps 

t--l Photonic layer 
' Obps 

D Aber cable D 
End Equipment End Equipment 

Table 1. SONET Signal Hierarchy 

Elec. ITU-T Optical Data Rate (Mbit/s) 
STS-1 OC-1 51.84 

STS-3 STM-1 OC-3 155.52 

STS-24 OC-24 1244.16 

STS-48 STM-16 OC-48 2488.32 

Synchronous Payload Envelope 1044 Columns 
1044 x 9 = 9396 
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S3017/S3018 OVERVIEW 

The S3017 transmitter and S3018 receiver implement 
SONET/SDHserialization/deserialization, transmission, 
and frame detection/recovery functions. The block dia
grams in Figures 4 and 5 show basic operation of both 
chips. These chips can be used to implement the front 
end of SONET equipment, which consists primarily of 
the serial transmit interface (S3017) and the serial 
receive interface (S3018). The chipset handles all the 
functions of these two elements, including parallel-to
serial and serial-to-parallel conversion, clock generation 
and recovery, and system timing. The system timing 
circuitry consists of management of the datastream, 
framing, and clock distribution throughoutthe front end. 

Operation of the S3017/S3018 chips is straightforward. 
The sequence of operations is as follows: 

Transmitter 

1. 8-bit parallel input 
2. Parallel-to-serial conversion 
3. Serial output 

Figure 4. 53017 Transmitter Functional Block Diagram 

Receiver 

1. Clock and data recovery from serial input 
2. Frame detection 
3. Serial-to-parallel conversion 
4. 8-bit parallel output 

Internal clocking and control functions are transparent 
to the user. Details of data timing can be seen in Figures 
9 through 14. 

A lock detect feature is provided on the S3018, which 
indicates that the PLL is locked (synchronized) to the 
data stream, and facilitates continuous down-stream 
clocking in the absence of data. 

Suggested Interface Devices 

PMC PM5312 STTX SONET/SDH Transport Term. Transceiver 

PMC PM5355 SUNl-622 Saturn User Network Interface 

AT&T ASTROTEC1227/1230 650 Mbit/s Fiber Optic Transmitter 

Mitsubishi MF-622DF-T12-XXX 622 Mbit/s Fiber Optic Transmitter 

Sumitomo ES-9304-TD 622 Mbit/s Fiber Optic Transmitter 

AT&T ASTROTEC 1310 650 Mbit/s Fiber Optic Receiver 

Mitsubishi MF-622DS-R1X-XXX 622 Mbit/s Fiber Optic Receiver 

Sumitomo ES-9216-RD 622 Mbit/s Fiber Optic Receiver 

Finlsar 1000 Mbit/s Fiber Optic Transceiver 

TSCLKSEL-----------------~ 

LOCLPEN~--------------~ 
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TSTCLKEN 
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REFCKINP/N __,2,,___ 
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S3017 TRANSMITTER 
FUNCTIONAL DESIGN 

The S3017 transmitter chip performs the serializing stage 
in the processing of a transmit SON ET STS-12 bit serial 
data stream. It converts the byte serial 77. 76 Mbyte/sec 
data stream to bit serial format at 622.08 Mbit/sec. 

A high-frequency bit clock can be generated from a 
77.76 MHz frequency reference by using an integral 
frequency synthesizer consisting of a phase-locked 
loop circuit with a divider in the loop. 

Diagnostic loopback is provided (transmitter to receiver) 
when used with the compatible S3018. (See Other 
Operating Modes.) 

Clock Synthesizer 

The Clock Synthesizer, shown in the block diagram in 
Figure 4, is a monolithic PLL that generates the serial 
output clock phase synchronized with the input refer
ence clock (REFCKINP/N). 

Figure 5. 53018 Receiver 

OOF 

LOCLPEN 

~ 2 
SERDATIP/N 

2 
LPDATIP/N 

The REFCKINP/N input must be generated from a 
differential PECL crystal oscillator which has a fre
quency accuracy of better than 20 ppm in order for the 
TSCLK frequency to have the same accuracy required 
for operation in a SONET system. Lower accuracy 
crystal oscillators may be used in applications less 
demanding than SONET/SDH. 

The on-chip PLL consists of a phase detector, which 
compares the phase relationship between the VCO out
putand the REFCKINP/N input, a loop filter which converts 
the phase detector output into a smooth DC voltage, 
and a VCO, whose frequency is varied by this voltage. 

The loop filter generates a VCO control voltage based 
on the average DC level of the phase discriminator 
output pulses. A single external clean-up capacitor is 
utilized as part of the loop filter. The loop filter's corner 
frequency is optimized to minimize output phase jitter. 

1:8 SERIAL 
TO PARALLEL 

FRAME 
BYTE 

DETECT 

BACKUP 
REFERENCE 

GEN 

CLOCK 
RECOVERY 

8 ,___,.. ___ POUT[7:0] 

POCLK 
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Timing Generator 

The Timing Generation function, seen in Figure 4, 
provides a byte rate version of the transmit serial clock. 
This circuitry also provides an internally generated load 
signal, which transfers the PIN[7:0] data from the paral
lel input register to the serial shift register. 

The PCLK output is a byte rate version of transmit serial 
clock at 77. 76 MHz. PCLK is intended for use as a byte 
speed clock for upstream multiplexing and overhead 
processing circuits. Using PCLK for upstream circuits will 
ensure a stable frequency and phase relationship between 
the data coming into and leaving the 53017 device. 

Parallel-to-Serial Converter 

The Parallel-to-Serial converter shown in Figure 4 is 
comprised of two byte-wide registers. The first register 
latches the data from the PIN[7:0] bus on the rising edge 
of PICLK. The second register is a parallel loadable shift 
register which takes its parallel input from the first 
register. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

The load signal, which latches the data from the parallel 
to the serial shift register, has a fixed relationship to 
PCLK. If PICLK is tied to PCLK, the PIN[7:0] data 
latched into the parallel register will meet the timing 
specifications with respect to the load signal. If PICLK 
is not tied to PCLK, the delay must meet the timing 
requirements shown in Figure 9, and PICLK must be 
frequency locked to the reference clock input. 

Figure 6. Clock Recovery Jitter Tolerance 
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$3018 RECEIVER 
FUNCTIONAL DESIGN 

The S3018 receiver chip provides the first stage of 
digital processing of a receive SON ET STS-12 bit-serial 
stream. It converts the bit-serial 622.08 Mbit/sec data 
stream into a 77. 76 Mbyte/sec byte-serial data format. 

Clock recovery is performed on the incoming scrambled 
NRZ data stream. A 77.76 MHz reference clock is 
required for phase locked loop start-up and proper 
operation under loss of signal conditions. An integral 
prescaler and phase locked loop circuit is used to 
multiply this reference to the nominal bit rate. 

A loopback mode is provided for diagnostic loopback 
(transmitter to receiver), when used with the compatible 
S3017 device. 

Clock Recovery 

The Clock Recovery PLL, as shown in the block diagram 
in Figure 5, generates aclockthatisatthe same frequency 
as the incoming data bit rate at the SERDATI or LPDATI 
inputs. The clock is phase aligned by a PLL so that it 
samples the data in the center of the data eye pattern. 

The phase relationship between the edge transitions of 
the data and those of the generated clock are compared 
by a phase/frequency discriminator. Output pulses from 
the discriminator indicate the required direction of phase 
corrections. These pulses are smoothed by an integral 
loop filter. The output of the loop filter controls the 
frequency of the Voltage Controlled Oscillator (VCO), 
which generates the recovered clock. Frequency stabil
ity without incoming data is guaranteed by an alternate 
reference input (REFCKIN) that the PLL locks onto 
when data is lost. 

The clock recovery circuit monitors the incoming data 
stream for loss of signal. If the incoming data stream has 
had no transitions for between 96 and 224 bit times 
(depending upon the state of an internal counter at the 
time of lasttransistion), loss of signal is declared and the 
PLL will switch from locking onto the incoming data to 
locking onto the reference clock. Alternatively, the loss
of-signal (LOS) input can be used to force a loss-of-signal 
condition. When set high, LOS squelches the incoming 
data stream, and thus causes the PLL to switch its 
source of reference within 128 bit times. Loss-of-signal 
condition is removed when LOS is low, and good data, 
with acceptable pulse density and run length, returns on 
the incoming data stream. 

The loop filter transfer function is optimized to enable the 
PLL to track the jitter, yet tolerate the minimum transi
tion density expected in a received SON ET data signal. 

7-68 

This transfer function yields a typical capture time of 16 
µs for random incoming NRZ data. A single external 
clean-up capacitor is utilized as part of the loop filter. 

The total loop dynamics of the clock recovery PLL yield a 
jitter tolerance which meets, with ample margin, the mini
mum tolerance proposed for SONET equipment by the 
Bellcore TA-NWT-000253 standard, shown in Figure 6. 

Backup Reference Generator 

The Backup Reference Generator seen in Figure 5 pro
vides backup reference clock signals to the clock recovery 
block when the clock recovery block detects a loss of 
signal condition. It contains a counter that divides the 
clock output from the clock recovery block down to the 
same frequency as the reference clock REFCKINP/N. 

Frame and Byte Boundary Detection 

The Frame and Byte Boundary Detection circuitry 
searches the incoming data for three consecutive A 1 
bytes followed immediately by three consecutive A2 
bytes. Framing pattern detection is enabled and dis
abled by the out-of-frame (OOF) input. Detection is 
enabled by a rising edge on OOF, and remains enabled 
for the duration that OOF is set high. It is disabled when 
a framing pattern is detected and OOF is no longer set 
high. When framing pattern detection is enabled, the 
framing pattern is used to locate byte and frame bound
aries inthe incoming data stream (SERDATI or LPDATI). 
The timing generator block takes the located byte 
boundary and uses it to block the incoming data stream 
into bytes for output on the parallel output data bus 
(POUT[7:0]). The frame boundary is reported on the 
frame pulse (FP) output when any 48-bit pattern match
ing the framing pattern is detected on the incoming data 
stream. When framing pattern detection is disabled, the 
byte boundary is frozen to the location found when 
detection was previously enabled. Only framing pat
terns aligned to the fixed byte boundary are indicated on 
the FP output. 

The probability that random data in an STS-12 stream 
will generate the 48-bit framing pattern is extremely 
small. It is highly improbable that a mimic pattern would 
occur within one frame of data. Therefore, the time to 
match the first frame pattern and to verify it with down
stream circuitry, at the next occurrence of the pattern, is 
expected to be less than the required 250 µs, even for 
extremely high bit error rates. 

Once down-stream overhead circuitry has verified that 
frame and byte synchronization are correct, the OOF 
input can be set low to disable the frame search process 
from trying to synchronize to a mimic frame pattern. 
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Serial to Parallel Converter 

The Serial to Parallel Converter consists of three 8-bit 
registers. The first is a serial-in, parallel-out shift reg
ister, which performs serial to parallel conversion 
clocked by the clock recovery block. The second is 
an 8-bit internal holding register, which transfers data 
from the serial to parallel register on byte boundaries 
as determined by the frame and byte boundary de
tection block. On the falling edge of the free running 
POCLK, the data in the holding register is transferred 
to an output holding register which drives POUT[7:0]. 

The delay through the Serial to Parallel converter can 
vary from 1.5 to 2.5 byte periods (12 to 20 serial bit 
periods) measured from the first bit of an incoming byte 
to the beginning of the parallel output of that byte. 
The variation in the delay is dependent on the align
ment of the internal parallel load timing, which is 
synchronized to the data byte boundaries, with respect 
to the falling edge of POCLK, which is independent of 
the byte boundaries. The advantage of this serial to 
parallel converter is that POCLK is neither truncated 
nor extended during reframe sequences. 

Figure 7. Loopback Diagram 
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OTHER OPERATING MODES 

Diagnostic Loopback 

The Diagnostic Loopback consists of alternate serial 
data outputs (in the case of the S3017) and inputs (in the 
case of the S3018). 

On the S3017, the differential PECL output LPDATO 
provides Diagnostic Loopback serial data. When the 
Local Loopback Enable (LOCLPEN) input and 
TSCLKSEL are low, this data output is a replica of 
SERDA TO. When LPDATO is connected to the S3018, a 
loopback from the transmitter to the receiver at the serial 
data rate can be set up for diagnostic purposes. When 
LOCLPEN is high and TSCLKSEL is low, LPDATO is 
held in the inactive state, with the positive output high 
and the negative output low. In the inactive state, there will 
be no interference from the transmitter to the receiver. 

On the receiver side, the differential PECL input LP DA Tl 
is the Diagnostic Loopback serial data input. When the 
Local Loopback Enable (LOCLPEN) input is set low, the 
LPDATI input is routed in place of the normal data 
stream (SERDATI). 

53018 

53017 

Data Out 

--+ CLK 

Data In 

+---Control 
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53017 Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin # 

PIN7 TTL I 33 
PIN6 31 
PIN5 30 
PIN4 29 
PIN3 23 
PIN2 22 
PIN1 20 
PINO 19 

PICLK TTL I 12 

TESTCLKEN TTL I 4 

REFCKINP Diff. I 49 
REFCKINN PECL 48 

LOCLPEN TTL I 8 

RSTB TTL I 9 

TSCLKSEL TTL I 35 

TESTRST TTL I 11 

REFS EL TTL I 7 

CAP1 - I 1 
CAP2 52 

SERDATOP Diff. 0 47 
SERDATON PECL 45 

7-70 

Description 

Parallel data input, a 77.76 Mbyte/sec word, aligned to the 
PICLK parallel input clock. PIN7 is the most significant bit 
(corresponding to the first bit transmitted). PINO is the least 
significant bit (corresponding to the last bit transmitted). PIN(7-0) 
is sampled on the rising edge of PICLK. 

Parallel input clock, a 77.76 MHz nominally 50% duty cycle input 
clock, to which PIN(7-0) is aligned. PICLK is used to transfer the 
data on the PIN inputs into a holding register in the parallel-to-
serial converter. The rising edge of PICLK samples PIN(7-0). 

Test clock enable signal, active high to enable the reference 
clock to be used in place of the VCO for testing. Allows a means 
of testing the functions of the chip without the use of the PLL. 
Set low for normal operation. 

Reference clock input used as the reference for the internal bit 
clock frequency synthesizer. 

Local loopback enables the LPDATO output when low and 
TSCLKSEL is low. When LOCLPEN is high, the LPDATO output 
is held in the inactive state to prevent interference between the 
transmit and receive devices. 

Reset input for the device, active low. During reset, PCLK does 
not toggle. 

Active high transmit clock select input which, when enabled, 
directs the transmit serial clock through the LPDATOP/N output. 

Test reset, used to reset portions of the clock recovery PLL 
during production testing. Held low for normal operation. 

Reference select, used to select the reference clock frequency. 
Set low to select 77.76 MHz. Set high to select 19.44 MHz for 
applications less demanding than SONET/SDH. 

The loop filter capacitor is connected to these pins. The 
capacitor value should be 0.01 µf ± 10% tolerance, X7R dielectric. 
50 Vis recommended (16 Vis acceptable). 

High-speed, source-terminated differential PECL. Serial output 
data stream signals, normally connected to an optical transmitter 
module. 
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S3017 Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 Pin # Description 

LPDATOP Diff. 0 44 Loopback serial data stream signals, normally connected to a 
LPDATON PECL 43 companion 83018 device for diagnostic loopback purposes. 

They are held inactive when LOCLPEN is high and T8CLK8EL 
is low. The serial data stream is output when LOCLPEN is low 
and T8CLK8EL is low. When enabled by the T8CLK8EL input, 
the transmit serial clock will be output through this pin. The 
transmit serial clock is a buffered version of the internal 
frequency synthesizer clock, which is phase-aligned with the 
8ERDATO output signal. The 8ERDATO is updated on the 
falling edge of the transmit serial clock. 

PCLK TTL 0 16 Parallel reference clock generated by dividing the internal bit 
clock by eight. It is normally used to coordinate byte-wide 
transfers between upstream logic and the 83017 device. 

AVEE OV - 2, 39, 41, Analog OV 
42,51 

AVCC +5V - 3, 38, 40, Analog +5V 
46,50 

ECLVCC +5V - 5, 15, 25, Digital +5V 
28,37 

ECLVEE OV - 6, 10, 18, Digital OV 
21,32,36 • TTLGND ov - 13, 17,27 Digital OV 

TTLVCC +5V - 14,24,26 Digital +5V 

NC - - 34 No Connection 
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53018 Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin # 

SERDATIP Diff. I 45 
SERDATIN PECL 46 

LPDATIP Diff. I 42 
LPDATIN PECL 44 

LOCLPEN TTL I 8 

TSTCLKEN TTL I 4 

OOF TTL I 31 

LOS PECL I 34 

REFCKINP Diff. I 49 
REFCKINN PECL 48 

RSTB TTL I 33 
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Description 

Serial data stream signals normally connected to an optical 
receiver module. A clock is recovered from transitions on the 
SERDATI inputs. 

Serial data stream signal, normally connected to a companion 
S3017 device for diagnostic loopback purposes. Clock is 
recovered from transitions on the LPDATI inputs while in 
diagnostic loopback. 

Selects diagnostic loopback. When LOCLPEN is high, the 
S3018 device uses the primary data (SERDATI) input. When 
low, the S3018 device uses the diagnostic loopback data 
(LPDATI) input. 

Test clock enable signal, set high to enable the reference clock 
to be used in place of the VCO for testing. Allows a means of 
testing the functions of the chip without the use of the PLL. Set 
low for normal operation. 

Out of frame indicator used to enable framing pattern detection 
logic in the S3018. This logic is enabled by a rising edge on 
OOF, and remains enabled until frame boundary is detected or 
when OOF is set low, whichever is longer. OOF is an 
asynchronous signal with a minimum pulse width of one POCLK 
period. (See Figures 13 and 14.) 

An active-high, single-ended 1 OK ECL input to be driven by the 
external optical receiver module to indicate a loss of received 
optical power. When LOS is high, the data on the Serial Data In 
(SERDATIP/N) pins will be internally forced to a constant zero, 
LOCKDET will be forced low, and the PLL will lock to the 
REFCKINP/N inputs. This signal must be used to assure correct 
automatic reacquisition to serial data following an interruption 
and subsequent reconnection of the optical path. (This ensures 
that the PLL does not "wander" out of reacquisition range by 
tracking the random phase/frequency content of the optical 
detector's noise floor while monitoring "dark" fiber.) When LOS 
is low, data on the SERDATIP/N pins will be processed 
normally. 

Input normally used as the reference for the integral clock 
recovery PLL. 

Master reset input for the device, active low. Initializes the 
device to a known state and forces the PLL to acquire to the 
reference clock. A reset of at least 16 ms should be applied at 
power-up and whenever the user wishes to force the PLL to re-
acquire to the reference clock. The S3018 will also re-acquire to 
the reference clock if the serial data input is held quiescent for at 
least 16 ms. 
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53018 Pin Assignment and Descriptions (Continued) 

Pin Name Level 110 Pin # Description 

REFSEL TTL I 7 Reference select used to select the reference clock frequency. 
Set low to select 77.76 MHz. Set high to select 19.44 MHz for 
applications less demanding than SONET/SDH. 

CAP1 - I 1 The loop filter capacitor is connected to these pins. The 
CAP2 52 capacitor value should be 0.1 µf ±10% tolerance, X7'R dielectric. 

50V is recommended (16V is acceptable). 

POUT? TTL 0 30 Parallel data bus, a 77.76 Mbyte/sec word, aligned to the 
POUT6 29 POCLK parallel output clock. POUT? is the most significant bit 
POUTS 23 (corresponding to bit 1 of each PCM word, the first bit received). 
POUT4 22 POUTO is the least significant bit (corresponding to bit 8 of each 
POUT3 20 PCM word, the last bit received). POUT(7-0) is updated on the 
POUT2 19 falling edge of POCLK. 
POUT1 16 
POU TO 12 

FP TTL 0 11 Frame pulse. Indicates frame boundaries in the incoming data 
stream (SERDATI). If framing pattern detection is enabled, as 
controlled by the OOF input, FP pulses high for one POCLK 
cycle when a 48-bit sequence matching the framing pattern is 
detected on the serial data inputs. When framing pattern 
detection is disabled, FP pulses high when the incoming data 
stream, after byte alignment, matches the framing pattern. FP is 
updated on the falling edge of POCLK. 

POCLK TTL 0 9 Parallel output clock, a 77.76 MHz nominally 50% duty cycle, 
byte rate output clock, that is aligned to POUT(7-0) byte serial 
output data. POUT(7-0) and FP are updated on the falling edge 
of POCLK. • LOCKDET TTL 0 35 Clock recovery indicator. Set high when the internal clock 
recovery has locked onto the incoming data stream. LOCKDET 
is an asynchronous output. 

AVEE ov - 2, 39, 41, Analog OV 
43 

AVCC +5V - 3, 38, 40, Analog +5V 
47 

ECLVCC +5V - 5, 15, 25, Digital +5V 
28,37,50 

ECLVEE ov - 6, 10, 18, Digital OV 
21,32,36 

TTLGND ov - 13, 17,27 Digital OV 

TTLVCC +5V - 14,24,26 Digital +5V 

NC - - 51 No Connection 
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Figure 8. 52 PQFP Package 
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Performance Specifications 

Parameter Min Typ Max Units Condition 

Nominal VCO 
622.08 MHz Center Frequency 

PECL Data 
Output Jitter In CSU mode, given 14 ps rms 

OC-12/STS-12 16 ps (rms) jitter on REFCKIN in 12KHz to 
5 MHz band 

Reference Clock 
Frequency Tolerance Required to meet SONET output 

Clock Synthesis -20 +20 ppm frequency specification 
Clock Recovery -100 +100 ppm 

OC-12/STS-12 

Capture Range ±200ppm With respect to fixed reference 
frequency 

Lock Range +2,-8% 
Minimum transition density of 
20% 

Acquisition Lock Time 16 µsec 
With device already powered up 
and valid reference clock 

Reference Clock 
30 70 % of period 

Input Duty Cycle • Reference Clock Rise & 
2.0 1 0% to 90% of amplitude 

Fall Times 
ns 

PECL Output Rise & 
20% to 80%, 50 0 to Vee -2V 

Fall Times 600 ps equivalent load, 5pF cap 
(S3017 LPDATOP/N) 

Source Terminated Diff. 
PECL Compatible 
Output Rise & Fall 450 ps 20% to 80%, 100 n line to line 
Times (S3017 
SERDATOP/N) 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 7-75 
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Absolute Maximum Ratings 
PARAMETER Min Typ Max Unit 

Case Temperature under Bias -55 125 oc 
Junction Temperature under Bias -55 150 oc 
Storage Temperature -65 150 oc 
Volt~ on VCC with Respect to GND -0.5 +7.0 v 
Voltage on Any TIL Input Pin -0.5 +5.5 v 
Volt~ on An.i'_PECL lnpu1 Pin vcc~ VCC v 
TIL Outpu1 Sink Current 20 mA 

TIL Output Source Current 10 mA 

High Speed PECL Output Source 

Current 50 mA 

Static Discharge Voltage 500 v 

Recommended Operating Conditions 

PARAMETER Min Typ Max Unit 

Ambient Temperature under Bias -40 85 oc 
Junction Temperature under Bias -10 +125 oc 
Voltage on VCC with Respect to GND 4.75 5.0 5.25 v 
Voltage on Any TIL Input Pin 0 vcc v 
Voltage on Any PECL Input Pin VCC-2 vcc v 
S3017 ICC 178 238 mA 

S3018 ICC 216 260 mA 

TTL Input/Output DC Characteristics 
(T • = -40°C to +85°C, v cc = 5 v ±5%) 

Symbol Parameter Min Typ Max Unit Conditions 
V1L 1 Input LOW Voltage 0.8 Volts Guaranteed Input LOW Voltage 

V1H1 Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Voltage 

l1L Input LOW Current -400.0 µA Vee= MAX, V1N = 0.5V 

l1H Input HIGH Current 50.0 µA Vee= MAX, V1N = 2.7V 

11 Input HIGH current at 1.0 mA Vee= MAX, V1N = 5.5V 
Max. VCC 

ios Output Short Circuit Current -100.0 -25.0 mA Vee= MAX, VouT = 0.5V 

V1K Input Clamp Diode Voltage -1.2 Volts Vee= MIN, l1N = -18 ma 

VoL Output LOW Voltage 0.5 Volts Vee= MIN, IQL = 8 ma 

VQH Output HIGH Voltage 2.7 Volts Vee= MIN, loH = -1 ma 

1. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 

Thermal Management 

Theta-ja Still Air 
w/ DW0045-28 

Device Power Heats ink 

83017 1.25W 32.?"C/W 

83018 1.36W 32.?"C/W 

Notes: 

1. Max ambient temperature permitted in still air to maintain Tj <130"C. 

2. Airflow required in 85"C ambient conditions to maintain Tj <130"C. 

7-76 

Max Still Air 1 Required Air2 
wl DW0045-28 wl DW0045-29 

Heatsink Heatsink 

89°C 100 LFPM 

ss·c 100 LFPM 

Applied Micro Circuits Corporation 
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PECL Input/Output DC Characteristics1.a 
(TA = -40°C to +85°C, v cc= 5 V ±5%) 

Symbol Parameter Min 

V1L Input LOW Voltage vcc-2.000 

V1H Input HIGH Voltage Vee -1.225 

V1L Input LOW Voltage Vee -2.000 

V1H Input HIGH Voltage vcc ·1.750 

Typ Max Unit 

Vcc ·1.441 Volts 

Vcc·0.570 Volts 

Vcc-o.7oo Volts 

vcc-0.450 Volts 

VID Input Diff. Voltage 0.250 0.500 1.400 Volts 

l1H Input High Current -0.500 20.000 µA 

l1L Input Low Current -0.500 20.000 µA 

VoL Output LOW Voltage Vee -2.000 Vee -1.500 Volts 

VoH Output HIGH Voltage vcc-1.110 vcc ·0.670 Volts 

VoD Output Diff. Voltage 0.390 1.330 Volts 

1. These conditions will be met with no airflow. 
2. When not used, tie the positive differential PECL pin to V cc and the 

negative differential ECL pin to ground via a 3.9K resistor. 

Differential ECL Input and Output Applications 

Applied Micro Circuits Corporacion 

100'1 
Electrical to 
optical 

53017 SERDATOP/N to Fiber Optic Transmitter 

[> l~ 0U~0 
VEE 

Reference Clock Crystal Oscillator Source 
(ECL Driver) to REFCKINP/N Inputs. 
53017 LPDATOP/N lo 53018 LPDATIP/N. 
Fiber Optic Receiver to 53018 SERDATIP/N. 

6195 Lusk Blvd., San Diego, CA92121 • (619) 450-9333 

Conditions 
Guaranteed Input LOW Voltage 
for single-ended inputs 

Guaranteed Input HIGH Voltage 
for single-ended inputs 

Guaranteed Input LOW Voltage 
for differential inputs 

Guaranteed Input HIGH Voltage 
for differential inputs 

Differential Input Voltage 

V1D=500mV 

V1D=500mV 

50 ohm termination to Vee -2V 

50 ohm termination to Vee -2V 

Differential Output Voltage 

7-77 
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7-78 

Table 2. 53017 AC Timing Characteristics {TA = -40°C to +85°C, v cc = 5 v ±5%) 

Symbol Description Min Typ Max Units 
!Dp1cLK PICLK Delay from PCLK 0 5.5 ns 

!SPIN PIN [7:0] Set-up Time w.r.t. PICLK 1.5 ns 

tHPIN PIN [7:0] Hold Time w.r.t. PICLK 1 ns 

IDs ER Serial Clock (LPDATOP) Low to SERDATOP/N 
Valid Prop Delay 0 500 ps 

Serial Clock (LPDATOP) Duty Cycle 40 60 % 

!DRP REFCKINP High to PCLK High Valid Prop Delay 7.0 11.0 ns 

Figure 9. PIN AC Input Timing 

PCLK tDplCLK 

PICLK 

IHp1N 

PIN[7:0] 

Notes on TTL Output Timing: 
1. When a set-up time is specified on TIL signals between an input and a clock, the set

up time is the time in nanoseconds from the 50% point of the input to the 50% point of 
the clock. 

2. When a hold time is specified on TIL signals between an input and a clock, the hold time 
is the time in nanoseconds from the 50% point of the clock to the 50% point of the input. 

Figure 10a. Clock and Data Output 
Timing with TSCLKSEL Asserted 

LPDATOP ~ 
lDsER 

SERDATOP/N 

Notes on PECL Output Timing: 
1. Output propagation delay time of high speed 
PECL outputs is the time in nanoseconds from the 
cross-over point of the reference signal to the cross
over point of the output. 

Figure 10b. REFCKIP High to PCLK 
High Valid Prop Delay 

REFCKINP 

!Di=lp 

PCLK 

Applied Micro Circuits Corporation 
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Table 3. 53018 AC Timing Characteristics (T• = -40°C to +85°C, Vee= 5 V ±5%) 

Symbol 

!SPOUT 

IHPOUT 

Descr~ion Min Typ 
POCLK Duty Cycle 40 

POUT[7:0] and FP Set-up Time w.r.t. POCLK 4 

POUT[7:0] and FP Hold Time w.r.t. POCLK 2 

SERDATIP/N Minimum Pulse Width 400 

Figure 11. Output Timing Diagram 

POCLK 

POUT[7:0], FP 

Notes on TTL Output Timing: 
1 . Output propagation delay time of TTL outputs is the time in nanoseconds from 

the 50% point of the reference signal to the 30% or 70% point of the output. 
2. Maximum output propagation delays and duty cycles of TTL outputs are 

measured with a 15 pF load and 500 ohms to ground on the outputs. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

Max Units 

60 % 

ns 

ns 

ps 
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RECEIVER FRAMING 

Figure 12 shows a typical reframe sequence in which 
a by1e realignment is made. The frame and by1e 
boundary detection is enabled by the rising edge of 
OOF and remains enabled while OOF is high. Re
alignment occurs upon receipt of the first A 1 byte. 
The frame boundary is recognized upon receipt of 
the third A2 by1e, which is the first data byte to be 
reported with the correct byte alignment on the out
going data bus (POUT[7:0]). Concurrently, the frame 
pulse is set high for one POCLK cycle. 

When interfacing with a section terminating device, the 
OOF input remains high for one full frame after the 
first frame pulse while the section terminating device 
verifies internally that the frame and by1e alignment 

Figure 12. Frame and Byte Detection 

RECOVERED 
Cl.OCK/ 
REFCLK 

OOF 

SERDATI 

are correct, as shown in Figure 13. Since at least one 
framing pattern has been detected since the rising 
edge of OOF, boundary detection is disabled when 
OOF is set low. 

The frame and byte boundary detection block is ac
tivated by the rising edge of OOF, and stays active 
until the first FP pulse or until OOF goes low, which
ever occurs last. Figure 13 shows a typical OOF 
timing pattern which occurs when the S3018 is con
nected to a down stream section terminating device. 
OOF remains high for one full frame after the first FP 
pulse. The frame and byte boundary detection block 
is active until OOF goes low. 

Figure 14 shows the frame and byte boundary detec
tion activation by a rising edge of OOF, and 
deactivated by the first FP pulse. 

I A1 I A1 I A1 I A2 

POUTJ7~~~ .......... ~~.._~ ..... ~~..._~...._~_..~~ .......... ~~~'-A2-~-8~ ..... 1_ 
INVAUDD.tmt. ~~~~~~~• .... l••VALID..,._ 

I D.tmt. 

I 

POCLK 

I 

FP ~~~~~~~~__.r-1_ 

Figure 13. OOF Operation Timing with 
PM5312 STTX or PM5355 SUN/-622 

j4--- BOUNDARY DETECTION ENABLED ~ 

OOF 

FP 

7-80 

NOTE 1: Range of input to output delay can be 1.5 to 2.5 POCLK cycles 

Figure 14. Alternate OOF Timing 

~ BOUNDARY DETECTION ENABLED ~ 
' : 

OOF ___ _, ' 

FP ___ ..___ ___________ ~-

Applied Micro Circuits Corporation 
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APPLICATION NOTE AMCC 
S3017 WITH DATA CLOCK SYNCHRONOUS TO REFERENCE CLOCK 

INTRODUCTION 

In some applications it is necessary to "forward clock" 
the data in a SONET/SDH system. In this application 
the reference clock from which the high speed serial 
clock is synthesized and the parallel data clock both 
originate from the same (usually TTUCMOS) clock 
source. This application note explains how the AMCC 
83017 can be configured to operate in this mode. 

Clock Control Logic Description 

The timing control logic in the 83017 automatically 
generates an internal load signal which has a fixed 
relationship to the reference clock. The logic takes into 
account the variation of the reference clock to the 
internal load signal over temperature and voltage. 

The connections required to implement the design are 
shown in Figure 15, and the timing specifications are 
shown in Figure 16. The setup and hold times for the 
PICLK to the data must be met by the controller ASIC. 
We recommend latching the data on the falling edge of 
the output reference clock in order to meet the required 
specifications. 

Possible Problems 

In order to meet the jitter generation specifications 
required by SONET, the jitter of the reference clock 
must be minimized. It may be difficult to meet the 
SONET jitter generation specifications using a refer
ence clock input with a TTL reference source. 

Figure 15. 53017 with Data Clocked by Reference Clock 

n TTUPECL } PECL 
Converter 2 

tpd <3.5 ns y 
ASIC REFCLK 

Output 
Reference PICLK 

Clock 

53017 Serial Data 

Output 8 
Data 

Data /"- ~ DATAIN[7:0] 

Figure 16. Data Timing with Respect to PICLK 

PICLK__j 

DATAIN [7:0] I 
~~~~~~~~~~~-'-~~~~-'---'-~~~.~~~~~---1~ 

Applied Micro Circuits Corporation 

tsu = 2 ns 
th = 1 ns 

6195 Lusk Blvd., San Diego, CA92121 • (619) 450-9333 

I 
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Figure 17. System Block Diagram 

Reference Clock 

2 

REFCKINP/N 

8 
TOUT[7:0] PIN[7:0] 

PMC TCLK PCLK 

PM5355 PICLK 
5UNl-622 

PMC 
PM5312 
5TTX REFCKINP/N 

8 
POUT[7:0] RIN[7:0] 

RIFP FP 

RICLK POCLK 
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53017 

2 
SERDATOP/N 

LPDATOP/N 

2 

53018 

LPDATIP/N 

2 
SERDATIP/N 

LOS 
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SONET/SDH/ATM OC-12 TRANSMITTER AND RECEIVER 53017/53018 

Ordering Information 

GRADE TRANSMITTER PACKAGE HEATSINK 

S - Commercial/ 3017 A - 52 PQFP TEP H1 - w/DW0045-28 heatsink unattached 
Industrial 

H2 - w/DW0045-29 heatsink unattached 

GRADE RECEIVER PACKAGE HEATSINK 

S - Commercial/ 3018 A - 52 PQFP TEP H1 - w/DW0045-28 heatsink unattached 
Industrial 

H2 - w/DW0045-29 heatsink unattached 

// 
x xxxx x I XX 

Grade Part number Package Heatsink (Heatsink identifier not marked on part) 

• 

Applied Micro Circuits Corporation 
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TARGET 
SPECIFICATION 

This product is not released 
and the specifications herein 
are subject to change ~AMCC® 

SONET/SDH/ATM OC-3/12 TRANSCEIVER W/CDR 53019 

FEATURES 
• Complies with ANSI, Bellcore, and ITU-T 

specifications 
• On-chip high-frequency PLLs for clock 

generation and clock recovery 
• Supports 155.52 MHz (OC-3) and 622.08 

MbiVs (OC-12) 
• Selectable reference frequencies of 19.44, 

38.88, 51.84 or 77.76 MHz 
• Interface to both L VPECL and TIL logic 
• 8-bit TIL datapath 
• Compact 14mm 80 PQFP package 
• Diagnostic loopback mode 
• Lock detect 
• Low jitter LVPECL interface 
• Single 3.3V supply 

APPLICATIONS 
• SONET/SDH-based transmission systems 
• SONET/SDH modules 
• SONET/SDH test equipment 
• ATM over SONET/SDH 
• Section repeaters 
• Add drop multiplexors 
• Broad-band cross-connects 
• Fiber optic terminators 
• Fiber optic test equipment 

Figure 1. System Block Diagram 

Network 
Interface 
Processor 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

GENERAL DESCRIPTION 

The 83019 SONET/SDH transceiver chip is a fully 
integrated serialization/deserialization SONET OC-12 
(622.08 MbiVs) and OC-3 (155.52 MbiVs) interface de
vice. The chip performs all necessary serial-to-parallel 
and parallel-to-serial functions in conformance with 
SONET/SDH transmission standards. The device is 
suitable for SONET-based ATM applications. Figure 
1 shows a typical network application. 

On-chip clock synthesis is performed by the high
frequency phase-locked loop on the S3019 
transceiver chip allowing the use of a slower external 
transmit clock reference. Clock recovery is performed 
on the device by synchronizing its on-chip VCO directly 
to the incoming data stream. The S3019 also per
forms SDH frame detection. The chip can be 

.44, 38.88, 51.84 6 MHz refer-
n support of m clocking 

arantees compliance 
1rements of the Bellcore, 

,.. dards. The 53019 is packaged in 
P, offering designers a small package 

Network 
Interface 
Processor 
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Figure 2. 53019 Transceiver Functional Block Diagram S3019 OVERVIEW 
Transmitter 

PIN[7:0J 

PARIN 
PICLK 

MOOEO 
MODE1 

REFCLKP.N 
TTL REF 

Receiver 

RSOP/N 2 

TESTEN--------' 

BYPASS 

7-86 

The 83019 transceiver implements SONET/SDH se
rialization/deserialization, transmission, and frame 
detection/recovery functions. The block diagram in 
Figure 2 shows basic operation of the chip. This chip 
can be used to implement the front end of SONET 
equipment, which consists primarily of the serial 
transmit interface and the serial receive interface. 
The chip handles all the functions of these two ele
ments, including parallel-to-serial and serial-to-parallel 
conversion, clock generation and recovery, and sys
tem timing. The system timing circuitry consists of 
management of the datastream, framing, and clock 
distribution throughout the front end. 

The 83019 is divided into a transmitter section and a 
receiver section. The sequence of operations is as 
follows: 

recovery from serial input 
ti on 

-to-parallel conversion 
-bit parallel output 

Internal clocking and control functions are transpar
ent to the user. 

A lock detect feature is provided on the 83019, 
which indicates that the PLL is locked (synchronized) 
to the incoming data stream, and facilitates continu
ous down-stream clocking in the absence of data. 

Suggested Interface Devices 

PMCPM5312 

PMCPM5355 

STIX SONET/SDH Tranport Term. Transceiver 

SUNl-622 Saturn User Network lntertace 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



DEVICE SPECIFICATION 
AMCCe 

SONET/SDH/ATM CLOCK RECOVERY UNIT 53025 

FEATURES 
• Complies with ANSI, Bellcore, and ITU-T 

specifications for jitter tolerance, 
jitter transfer and jitter generation 

• On-chip high frequency PLL with internal 
loop filter for clock recovery 

• Supports clock recovery for OC-12/STM-4 
(622.08 Mbit/s) NAZ data 

• 12.96 MHz reference frequency 
• Lock detect-monitors run length and frequency 
• 350mW typical power dissipation 
• Low-jitter PECL interface 
• On-chip crystal oscillator allows use of low cost 

reference crystal 
• Micro-power Bipolar technology 
• 5V supply 
• Available in die form or 20 TSSOP package 

Figure 1. System Block Diagram 

Transceiver 
Controller 

S3028 

Applied Micro Circuits Corporation 

Fiber 
Optic 

Module 
2x9 -

6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

GENERAL DESCRIPTION 

The function of the S3025 clock recovery unit is to 
derive high speed timing signals for SONET/SDH
based equipment. The 53025 is implemented using 
AMCC's proven Phase Locked Loop (PLL) technology. 

The S3025 receives an OC-12/STM-4 scrambled NAZ 
signal and recovers the clock from the data. The chip 
outputs a differential PECL bit clock and retimed data. 

The S3025 utilizes an on-chip PLL which consists of 
a phase detector, a loop filter, and a voltage con
trolled oscillator (VCO). The phase detector 
compares the phase relationship between the VCO 
output and the serial data input. A loop filter converts 
the phase detector output into a smooth DC voltage, 
and the DC voltage is input to the VCO whose fre
quency is varied by this voltage. A block diagram is 
shown in Figure 2. 

Fiber 1----.i 
Optic Transceiver 

Module 
2x9 - S3028 

Controller 
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Figure 2. Functional Block Diagram 

CAP1,2 

XTAL1,2 

BYPASS 

SQUELCHN 
LCKREFN 

vco 

CLOCK 
DIVIDER 

PHASE DETECTOR 

LOCK 
DETECTOR 

2 
SERCLKOP/N 

2 
SERDATOP/N 

SD ~~~~~~~~~~~~~--!~~~~~~~~ 

SERDATIP/N 
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OVERVIEW 

The 53025 supports clock recovery for the OC-12/ 
5TM-4 data rate. Differential serial data is input to the 
chip at the specified rate and clock recovery is per
formed on the incoming data stream. An external 
crystal is required to minimize the PLL lock time and 
provide a stable output clock source in the absence of 
serial input data. Retimed data and clock are output 
from the 53025. 

CHARACTERISTICS 

Performance 

The 53025 PLL complies with the jitter specifications 
proposed for 50NET/5DH equipment defined by the 
T1 X1 .6/91-022 document, when used with differential 
inputs and outputs as shown in Figure 3. 

Jitter Transfer 

Jitter transfer functions is defined as the ratio of jitter 
on the output OC-N/5T5-N signal to the jitter applied 
on the input OC-N/5T5-N signal versus frequency. 
Jitter transfer requirements are shown in Figure 5. 
The measurement condition is that input sinusoidal 
jitter up to the mask level in Figure 4 be applied for 
each of the OC-N/5T5-N rates. 

Input Jitter Tolerance 

Input jitter tolerance is defined as the peak to peak 
amplitude of sinusoidal jitter applied on the input sig
nal that causes an equivalent 1 dB optical/electrical 
power penalty. 50NET input jitter tolerance require
ments are shown in Figure 4. The measurement 
condition is the input jitter amplitude which causes an 
equivalent of 1 dB power penalty. 

Serial Data Output Set-up and Hold Time 

The output set-up and hold times are represented by 
the waveforms shown in Figure 3. 

Jitter Generation 

The jitter of the serial clock and serial data outputs 
shall not exceed .01 U.I. when a serial data input with 
less than 14ps rms jitter is presented to the serial 
data inputs. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

Figure 3. Clock Output to Data Transition Delay 

SERCLKOP/N 

SERDATOP/N 
~:r
----A----:-A.-I I 

: t : th : 
I SU .....__..... 
,......:.:...i I 

Output Frequency 

622.08 MHz 

l SERDATOP/N Setup Time 450ps 

l SERDATOP/N Hold Time 450ps 

Figure 4. Input Jitter Tolerance Specification 

Slnusodal 
Input Jitter 15 
Amplitude 

(UI p-p) 
1.5 

.15 

OC/STS 
Level 

12 

10 11 12 13 
Frequency 

fO f1 f2 f3 
Hz Hz Hz kHz 
10 30 300 25 

Figure 5. Jitter Transfer Specification 

Jitter 
Transfer 

p 

Acceptable 

OC/STS 
Level 

121.2 

le 
Frequency 

fc 
(kHz) 
500 

p 
(dB) 

0.1 

1. Bellcore Specifications: TR-NWT -000253, Issue 2, 
December 1991. 

2. CCITT Recommendations: G.958. 

ft 

ft 
kHz 
250 

7-89 

• 



AMCC 
53025 SONET/SDH/ATM CLOCK RECOVERY UNIT 

S3025 Pin Assignment and Descriptions 

Pin Name Level uo Pin # 

SERDATIP Diff. I 2 
SERDATIN PECL 3 

BYPASS TIL I 16 

SD PECL I 15 

XTAL1 Analog I 6 
XTAL2 7 

CAP1 - I 18 
CAP2 17 

SQUELCHN TIL I 5 

LCKREFN TIL I 8 

SERDATOP Diff. 0 14 
SERDATON PECL 13 

SERCLKOP Diff. 0 12 
SERCLKON PECL 11 

DGND GND 9 

DVCC +SV 10 

AGND GND 4, 19 

AVCC +SV 1, 20 

7-90 

Description 

Serial data in. A clock is recovered from transitions on these 
inputs. 

Bypass enable, active hi~h. Used during production test to 
bypass the VCO in the P L. Tie to ground for normal operation. 

Si~nal detect, active high. A single-ended 1 OK PECL input to be 
driven by the external optical receiver module to indicate a loss 
of received optical power. When SD is inactive, the PLL will be 
forced to lock to the XTAL1, 2 inputs and the SERDATOP/N 
output will be held in the logic low state. See Table 1. When SD 
is active, data on the SERDATIP/N pins will be processed 
normally. 

External crystal. A series resonant crystal is connected to these 
pins. The crystal is used to establish the initial operating 
frequency of the clock recovery PLL and also is used as a 
standby clock in the absence of data or during reset. 

The loop filter capacitor is connected to these pins. The 
capacitor value should be 1.0µf ±10% tolerance, X7R dielectric. 

Clock squelch, active low. When active, the serial clock output 
will be forced to lock to the local reference clock input [XT AL 1 ,2] 
and the SERDATOP/N output will be held in the logic low state. 
See Table 1. 

Lock to reference, active low. When active, the serial clock 
output will be forced to lock to the local reference clock input 
[XTAL1,2]. 

Serial data out signal that is the delayed version of the incoming 
data stream ~ERDATI) updated on the falling edge of Serial 
Clock Out (S RCLKOP). 

Serial clock out si8nal that is phase aligned with Serial Data Out 
(SERDATOP/N). See Figure 3.) 

Digital Ground (OV) 

Digital Power Supply (+SV) 

Analog Ground (OV) 

Analog Power Supply (+SV) 

Applied Micro Circuits Corporation 
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SONET/SDH/ATM CLOCK RECOVERY UNIT $3025 

Figure 6. 53025A TSSOP Package 

E 

PIN 1 INDICATOR 

r.33 REF 

.... -----... 
+ 

TOP VIEW 

SIDE VIEW 

All dimensions are in mm. 

Table 1. Clock Squelch Enable Function 

E1 
GAUGE PLANE 

" UI 

SEATING P~E 

SQUELCHN ACTIVE 

*LOCK 
SD LCKREFN DETECT SERCLKOP/N SERDATP/N 

x x 0 0 -
x 0 x 0 0 
0 x x 0 0 
1 1 1 Active Active 

T IYP • 

)fl 
_j A 

"' 
T IYP. 

SQUELCHN INACTIVE 

SERCLKOP/N SERDATP/N 

Active 0 
Active 0 
Active 0 
Active Active 

1. LOCKDET is not a pin. This column indicates the state of the internal Lock Detect state machine. (See Lock Detect description.) 
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AMCC 
53025 SONET/SDH/ATM CLOCK RECOVERY UNIT 

Performance Specifications 

Parameter Min Typ 

NominalVCO 
622.08 

Center Frequency 

Reference Clock 
Frequency Tolerance 

Clock Recovery1 -250 

OC-12/STS-12 

Capture Range ±500ppm 

Clock Output 
Duty Cycle 45 

Acquisition Lock Time 1 

OC-12/STS-12 
PECL Output Rise & 
Fall Times 

SERCLKOP/N 
.005 Jitter Generation 

OC-12/STS-12 

Jitter Tolerance 1 0.5 

1. Guaranteed but not tested. 

7-92 

Max 

+250 

55 

16 

600 

.01 

Units Condition 

MHz 

ppm 

With respect to fixed reference 
frequency 

Minimum transition density of 
%ofUI 20% 

With device already powered up 
µsec and valid REFCLK. 

10% to 90%, 50 to -2V 
ps equivalent load, 5 pf cap 

U.I. 
With less than 14ps rms jitter on 
SERDATIP/N data inputs 

Sinusoidal input jitter. Amplitude 

U.I. 
on SERDATIP/N data inputs from 
250KHz to 5MHz. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



AMCC 
SONET/SDH/ATM CLOCK RECOVERY UNIT $3025 

Absolute Maximum Ratings 

Parameter Min Typ Max Unit 

Case Temperature under Bias -55 +125 oc 
Junction Temperature under Bias -55 +150 oc 
Storage Temperature -65 +150 oc 
Voltage on VCC with Respect to GND -0.5 +7.0 v 
Voltage on any TTL Input Pin -0.5 +5.5 v 
Voltage on any PECL Input Pin vcc -2.0 vcc v 
TTL Output Sink Current 20 mA 

TTL Output Source Current 10 mA 

High Speed PECL Output Source Current 50 mA 

Static Discharge Voltage 500 v 

Recommended Operating Conditions 

Parameter Min Typ Max Unit 

Ambient Temperature under Bias (industrial) -40 +85 oc 
Ambient Temperature under Bias (commercial) 0 +70 oc 
Junction Temperature under Bias -10 +130 oc 
Voltage on VCC with Respect to GND 4.75 5.0 5.25 v 
Voltage on Any TTL Input Pin 0.0 vcc v 
Voltage on Any PECL Input Pin VCC-2 vcc v • PECL Output Source Current (50 to Vcc-2V) 14 25 mA 

ICC Supply Current 70 100 mA 

Applied Micro Circuits Corporation 
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AMCC 
$3025 SONET/SDH/ATM CLOCK RECOVERY UNIT 

TTL Input/Output DC Characteristics> 
(T. = -40'C to +85°C, V cc= 5 V ±5%) 

Symbol Parameter Test Conditions Min Max Unit 

V1L1 Input LOW Voltage Guaranteed Input LOW Voltage for all inputs 0.8 Volts 

V1H1 Input HIGH Voltage Guaranteed Input HIGH Voltage for all inputs 2.0 Volts 

l1L Input LOW Current Vee= MAX, VIN= 0.5V -400.0 uA 

l1H Input HIGH Current Vee= MAX, V1N = 2.7V 50.0 uA 

11 Input HIGH Current at Max VCC Vee= MAX, V1N = 5.25V 1.0 mA 

los Output Short Circuit Current Vee= MAX, Vour = 0.5V -100.0 -25.0 mA 

VIK Input Clamp Diode Voltage Vee= MIN, l1N = -18.0mA -1.2 Volts 

Vol TTL Output LOW Voltage Vee= MIN, loL = 8mA 0.5 Volts 

VoH TTL Output HIGH Voltage Vee= MIN, loH = -1.0mA 2.4 Volts 

1. These input levels provide a zero-noise immunity and should only be tested in a static, noise-free environment. 

PECL Input/Output DC Characteristics 
(TA= -40°C to +85°C, V cc= 5 V ±5%) 

Symbol Parameter Min 

V1L Input LOW Voltage vcc-2.000 

V1H Input HIGH Voltage Vee -1.225 

V1L Input LOW Voltage Vcc-2.000 

V1H Input HIGH Voltage Vee -1.150 

V1D Input Diff. Voltage 0.250 

llH Input High Current -0.500 

l1L Input Low Current -0.500 

VOL Output LOW Voltage Vcc-2.000 

VoH Output HIGH Voltage vcc-1.110 

VoD Output Diff. Voltage 0.390 

External Series Resonant Crystal Specifications 

Parameter Min Typ 

Frequency 12.96 

Accuracy -500 

7-94 

Typ 

0.500 

Max Unit Conditions 

vcc-1.441 Volts Guaranteed Input LOW Voltage 
for single-ended inputs 

vcc-0.510 Volts Guaranteed Input HIGH Voltage 
for single-ended inputs 

vcc-0.100 Volts 
Guaranteed Input LOW Voltage 
for differential inputs 

Vcc-o.450 Volts 
Guaranteed Input HIGH Voltage 
for differential inputs 

1.400 Volts Differential Input Voltage 

20.000 µA V1D=500mV 

20.000 µA V1D=500mV 

Vee -1.500 Volts 50 ohm termination to Vee -2V 

vcc-o.s10 Volts 50 ohm termination to Vee -2V 

1.330 Volts Differential Output Voltage 

Max Units Condition 

MHz 

+500 ppm 
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AMCC 
SONET/SDH/ATM CLOCK RECOVERY UNIT 53025 

Ordering Information 

GRADE PART PACKAGE 
S-commercial/ 3025 A-20TSSOP 
Industrial 

~ \ 
x xxxx x 

Grade Part number Package 

• 
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DEVICE SPECIFICATION 
AMCC® 

SONET/SDH/ATM CLOCK RECOVERY UNIT 53026 

FEATURES 

• Complies with ANSI, Bellcore, and ITU-T 
specifications for jitter tolerance, jitter transfer 
and jitter generation 

• On-chip high frequency PLL with internal loop 
filter for clock recovery 

• Supports clock recovery for OC-12/STM-4 
(622.08 MbiVs) or OC-3/STM-1 (155.52 MbiVs) 
NRZ data 

• 19.44 MHz reference frequency 
• Lock detect-monitors run length and frequency 
• 350mW typical power dissipation 
• Low-jitter PECL interface 
• Maintains downstream clock in absence of data 

inputs 
• Micro-power Bipolar technology 
• 5V supply 
• Available in a 20 TSSOP package 

Figure 1. System Block Diagram 
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GENERAL DESCRIPTION 

The function of the S3026 clock recovery unit is to 
derive high speed timing signals for SONET/SDH
based equipment. The S3026 is implemented using 
AMCC's proven Phase Locked Loop (PLL) technology. 

The S3026 receives either an OC-12/STM-4 or OC-3/ 
STM-1 scrambled NAZ signal and recovers the clock 
from the data. The chip outputs a differential PECL 
bit clock and retimed data. 

The S3026 utilizes an on-chip PLL which consists of 
a phase detector, a loop filter, and a voltage con
trolled oscillator (VCO). The phase detector 
compares the phase relationship between the VCO 
output and the serial data input. A loop filter converts 
the phase detector output into a smooth DC voltage, 
and the DC voltage is input to the VCO whose fre
quency is varied by this voltage. A block diagram is 
shown in Figure 2. 
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AMCC 
$3026 SONET/SDH/ATM CLOCK RECOVERY UNIT 

Figure 2. Functional Block Diagram 
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AMCC 
SONET/SDH/ATM CLOCK RECOVERY UNIT 83026 

OVERVIEW 

The 53026 supports clock recovery for the OC-12/ 
5TM-4 or OC-3/5TM-1 data rates. Differential serial 
data is input to the chip at the specified rate and 
clock recovery is performed on the incoming data 
stream. An external 19.44 MHz crystal oscillator is 
required to minimize the PLL lock time and provide a 
stable output clock source in the absence of serial 
input data. Retimed data and clock are output from 
the 53026. 

CHARACTERISTICS 

Performance 

The 53026 PLL complies with the jitter specifications 
proposed for 50NET/5DH equipment defined by the 
T1 X1 .6/91-022 document, when used with differential 
inputs and outputs as shown in Figure 3. 

Jitter Transfer 

Jitter transfer functions is defined as the ratio of jitter 
on the output OC-N/5T5-N signal to the jitter applied 
on the input OC-N/5T5-N signal versus frequency. 
Jitter transfer requirements are shown in Figure 5. 
The measurement condition is that input sinusoidal 
jitter up to the mask level in Figure 4 be applied for 
each of the OC-N/5T5-N rates. 

Input Jitter Tolerance 

Input jitter tolerance is defined as the peak to peak 
amplitude of sinusoidal jitter applied on the input sig
nal that causes an equivalent 1 dB optical/electrical 
power penalty. 50NET input jitter tolerance require
ments are shown in Figure 4. The measurement 
condition is the input jitter amplitude which causes an 
equivalent of 1 dB power penalty. 

Serial Data Output Set-up and Hold Time 

The output set-up and hold times are represented by 
the waveforms shown in Figure 3. 

Jitter Generation 

The jitter of the serial clock and serial data outputs 
shall not exceed .01 U.I. when a serial data input with 
less than 14ps (OC-12) or 56ps (OC-3) rms jitter is 
presented to the serial data inputs. 

Applied Micro Circuits Corporation 
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Figure 3. Clock Output to Data Transition Delay 

SERCLKOP/N 

SERDATOP/N 

Output Frequency 
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[sERDATOP/N Setup Time 450ps 2.5ns 
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Figure 4. Input Jitter Tolerance Specification 
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Figure 5. Jitter Transfer Specification 
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fc 
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Level (kHz) (dB) 
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1. Bellcore Specifications: TR-NWT-000253, Issue 2, 
December 1991. 

2. CCITT Recommendations: G.958. 
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AMCC 
SJ026 SONET/SDH/ATM CLOCK RECOVERY UNIT 

53026 Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin # 

SERDATIP Diff. I 2 
SERDATIN PECL 3 

BYPASS TTL I 16 

SON PECL I 15 

TTLREF TTL I 7 

CAP1 - I 18 
CAP2 17 

LCKREFN TTL I 8 

MODE TTL I 6 

SERDATOP Diff. 0 14 
SERDATON PECL 13 

SERCLKOP Diff. 0 12 
SERCLKON PECL 11 

7-100 

Description 

Serial data in. A clock is recovered from transitions on these 
inputs. 

Bypass enable, active high. Used during production test to 
bypass the VCO in the PLL. Tie to ground for normal operation. 

Signal detect, active low. A single-ended 10K PECL input to be 
driven by the external optical receiver module to indicate a loss 
of received optical power. When SON is inactive, the PLL will be 
forced to lock to the TTLREF input and the SERDATOP/N 
output will be held in the logic low state. When SD is active, data 
on the SERDATIP/N pins will be processed normally. 

Reference clock input used to establish the initial operating 
frequency of the clock recovery PLL and also used as a standby 
clock in the absence of data or when LOCKDET is inactive. 

The loop filter capacitor is connected to these pins. The 
capacitor value should be 1.0µf ±10% tolerance, X7R dielectric. 
16-50 V is recommended. 

Lock to reference, active low. When active, the serial clock 
output will be forced to lock to the TTLREF local reference input 
and the SERDATOP/N output will be held in the logic low state. 
See Table 1. 

Rate select used to select the bit rate of the device. Set high to 
select 622.08 Mbit/s. Set low to select 155.52 Mbit/s. 

Serial data out signal that is the delayed version of the incoming 
data stream (SERDATI) updated on the falling edge of Serial 
Clock Out (SERCLKOP). 

Serial clock out signal that is phase aligned with Serial Data Out 
(SERDATOP/N). (See Figure 3.) 
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AMCC 
SONET/SDH/ATM CLOCK RECOVERY UNIT 53026 

53026 Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 Pin # Description 

LOCKDET PECL 0 5 Lock detect, active high. When active, this output indicates that 
the PLL is locked to the serial data inputs and valid clock and 
data are present at the serial outputs. When inactive, it indicates 
that the PLL is locked to the local reference clock. The lock 
detect will go inactive under the following conditions: 

1. If SON is inactive. 

2. If the serial data inputs contain insufficient run length (100 to 
800 bit times). 

3. If the VCO drifts away from the local reference clock by more 
than 1 ooo ppm. 

4. If LCKREFN is active. 

Lock detect will return to the active state if the serial data 
contains sufficient run length specs (less than 100-800 bit times) 
and the serial clock is within 250 ppm of the reference clock 
frequency. 

DGND GND - 9 Digital Ground (OV) 

DVCC +5V - 10 Digital Power Supply (+5V) 

AGND GND - 4, 19 Analog Ground (OV) 

AVCC +5V - 1, 20 Analog Power Supply (+5V) • 
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AMCC 
$3026 SONET/SDH/ATM CLOCK RECOVERY UNIT 

Figure 6. 53026A TSSOP Package 

E 

PIN 1 INDICATOR 

TOP VIEW 

SIDE VIEW 

All dimensions are in mm. 

m 

GAUGE PLANE 

'--=liiil=--i---v-r-

SEATING P~E 

7 m>. 

7 m>. 

R""'tJIZ. PWS Lz.uot.,_1 
l.il!!..J...m Lm:::s: ....211. 

• BASIC O.i& 
b :1:.05 0.22 
... MAX 1.:1Q_ 
... , .~ MIN/.10 MAX 

... , NOM O.QO 
D :1:.05 6.50 
E :1:.10 .6.40 
E1 :1:.10 4.40 
l :1:.15 0.60 

Table 1. Clock and Data Output Control 

SON LCKREFN 

x x 
x 0 
1 x 
0 1 

7-102 

LOCK 
DETECT 

0 
x 
x 
1 

SERCLKOP/N SERDATP/N 

Active 0 
Active 0 
Active 0 
Active Active 
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AMCC 
SONET/SDH/ATM CLOCK RECOVERY UNIT 53026 

Absolute Maximum Ratings 

Parameter Min Typ Max Unit 

Case Temperature under Bias -55 +125 oc 
Junction Temperature under Bias -55 +150 oc 
Storage Temperature -65 +150 oc 
Voltage on VCC with Respect to GND -0.5 +7.0 v 
Voltage on any TTL Input Pin -0.5 +5.5 v 
Voltage on any PECL Input Pin VCC-2.0 vcc v 
TTL Output Sink Current 20 mA 

TTL Output Source Current 10 mA 

High Speed PECL Output Source Current 50 mA 

Static Discharge Voltage 500 v 

Recommended Operating Conditions 

Parameter Min Typ Max Unit 

Ambient Temperature under Bias (industrial) -40 +85 oc 
Ambient Temperature under Bias (commercial) 0 +70 oc 
Junction Temperature under Bias -10 +130 oc 
Voltage on VCC with Respect to GND 4.75 5.0 5.25 v 
Voltage on Any TTL Input Pin 0.0 vcc v 
Voltage on Any PECL Input Pin VCC-2 vcc v 
PECL Output Source Current (50n to Vcc-2V) 14 25 mA • ICC Supply Current 80 110 mA 

Performance Specifications 

Parameter Min Typ Max Units Condition 

NominalVCO 
622.08 MHz 

Center Frequency 

Reference Clock 
Frequency Tolerance 

Cloek Recovery' -250 +250 ppm 

OC-12/STS-12 

Capture Range ±500ppm With respect to fixed reference 
frequency 

Clock Output Minimum transition density of 
Duty Cycle 45 55 %ofUI 20% 

Acquisition Lock Time' With device already powered up 
OC-12/STS-12 16 µsec and valid REFCLK. 

PECL Output Rise & 
600 ps 

10% to 90%, 50 to -2V 
Fall Times equivalent load, 5 pf cap 

SERCLKOP/N 
.005 . 01 U.I • 

With less than 14ps rms jitter on 
Jitter Generation SERDATIP/N data inputs 

OC-12/STS-12 Sinusoidal input jitter. Amplitude 

Jitter Tolerance' 0.5 U.I. 
on SERDATIP/N data inputs from 
250KHz to 5MHz. 

1 Guaranteed but not tested. 
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AMCC 
S3026 SONET/SDH/ATM CLOCK RECOVERY UNIT 

TTL Input/Output DC Characteristics' 
(TA = -40°C to +85°C, V cc = 5 V ±5%) 

Symbol Parameter Test Conditions Min Max Unit 

V1L1 Input LOW Voltage Guaranteed Input LOW Voltage for all inputs 0.8 Volts 

V1H1 Input HIGH Voltage Guaranteed Input HIGH Voltage for all inputs 2.0 Volts 

l1L Input LOW Current Vee= MAX, VIN= 0.5V -400.0 uA 

l1H Input HIGH Current Vee= MAX, V1N = 2.7V 50.0 uA 

11 Input HIGH Current at Max VCC Vee= MAX, V1N = 5.25V 1.0 mA 

las Output Short Circuit Current v cc = MAX, Vour = 0.5V -100.0 -25.0 mA 

VIK Input Clamp Diode Voltage Vee= MIN, l1N = -18.0mA -1.2 Volts 

Vol TIL Output LOW Voltage Vee= MIN, loL = 8mA 0.5 Volts 

VoH TIL Output HIGH Voltage Vee= MIN, loH =-1.0mA 2.4 Volts 

1. These input levels provide a zero-noise immunity and should only be tested in a static, noise-free environment. 

PECL Input/Output DC Characteristics 
(TA= -40°C to +85°C, V cc= 5 v ±5%) 

Symbol Parameter Min 

V1L Input LOW Voltage vcc-2.000 

V1H Input HIGH Voltage Vcc-1.225 

V1L Input LOW Voltage vcc-2.000 

V1H Input HIGH Voltage Vee -1.150 

V1D Input Diff. Voltage 0.250 

l1H Input High Current -0.500 

l1L Input Low Current -0.500 

Vol Output LOW Voltage Vce-2.000 

VoH Output HIGH Voltage Vce-1.110 

VoD Output Diff. Voltage 0.390 

7-104 

Typ 

0.500 

Max Unit Conditions 

vcc-1.441 Volts Guaranteed Input LOW Voltage 
for single-ended inputs 

vcc-o.510 Volts Guaranteed Input HIGH Voltage 
for single-ended inputs 

Vcc-0.100 Volts 
Guaranteed Input LOW Voltage 
for differential inputs 

vce-0.450 Volts 
Guaranteed Input HIGH Voltage 
for differential inputs 

1.400 Volts Differential Input Voltage 

20.000 µA Vm=500mV 

20.000 µA Vm=500mV 

Vcc-1.500 Volts 50 ohm termination to Vee -2V 

Vcc-o.e10 Volts 50 ohm termination to Vee -2V 

1.330 Volts Differential Output Voltage 
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AMCC 
SONET/SDH/ATM CLOCK RECOVERY UNIT S3026 

Ordering Information 

GRADE PART PACKAGE 

S-commercial/ 3026 A-20TSSOP 

Industrial 

~ \ 
x xx xx x 

Grade Part number Package 

• 
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DEVICE SPECIFICATION 
AMCC® 

SONET/SDH/ATM CLOCK RECOVERY UNIT S3027 

FEATURES 

• Complies with ANSI, Bellcore, and ITU-T 
specifications for jitter tolerance, jitter transfer 
and jitter generation 

• On-chip high frequency PLL with internal loop 
filter for clock recovery 

• Supports clock recovery for OC-12/STM-4 
(622.08 Mbit/s) or OC-3/STM-1 (155.52 Mbit/s) 
NRZ data 

• 19.44 MHz reference frequency 
• Lock detect-monitors run length and frequency 
• 350mW typical power dissipation 
• Low-jitter PECL interface 
• Maintains downstream clock in absence of data 

inputs 
• Micro-power Bipolar technology 
• 5V supply 
• Available in a 20 TSSOP package 

Figure 1. System Block Diagram 
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GENERAL DESCRIPTION 

The function of the S3027 clock recovery unit is to 
derive high speed timing signals for SONET/SDH
based equipment. The S3027 is implemented using 
AMCC's proven Phase Locked Loop (PLL) technology. 

The S3027 receives either an OC-12/STM-4 or OC-3/ 
STM-1 scrambled NRZ signal and recovers the clock 
from the data. The chip outputs a differential PECL 
bit clock and retimed data. 

The S3027 utilizes an on-chip PLL which consists of 
a phase detector, a loop filter, and a voltage con
trolled oscillator (VCO). The phase detector 
compares the phase relationship between the VCO 
output and the serial data input. A loop filter converts 
the phase detector output into a smooth DC voltage, 
and the DC voltage is input to the VCO whose fre
quency is varied by this voltage. A block diagram is 
shown in Figure 2. 

Fiber 
Optic 

Module 

Transceiver 

S3028 
Controller 

7-107 

• 



AMCC 
S3027 SONET/SDH/ATM CLOCK RECOVERY UNIT 

Figure 2. Functional Block Diagram 
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AMCC 
SONET/SDH/ATM CLOCK RECOVERY UNIT $3027 

OVERVIEW 

The 83027 supports clock recovery for the OC-12/ 
8TM-4 or OC-3/8TM-1 data rates. Differential serial 
data is input to the chip at the specified rate and 
clock recovery is performed on the incoming data 
stream. An external crystal is required to minimize 
the PLL lock time and provide a stable output clock 
source in the absence of serial input data. Retimed 
data and clock are output from the 83027. 

CHARACTERISTICS 

Performance 

The 83027 PLL complies with the jitter specifications 
proposed for 80NET/8DH equipment defined by the 
T1 X1.6/91-022 document, when used with differential 
inputs and outputs as shown in Figure 3. 

Jitter Transfer 

Jitter transfer functions is defined as the ratio of jitter 
on the output OC-N/8T8-N signal to the jitter applied 
on the input OC-N/8T8-N signal versus frequency. 
Jitter transfer requirements are shown in Figure 5. 
The measurement condition is that input sinusoidal 
jitter up to the mask level in Figure 4 be applied for 
each of the OC-N/8T8-N rates. 

Input Jitter Tolerance 

Input jitter tolerance is defined as the peak to peak 
amplitude of sinusoidal jitter applied on the input sig
nal that causes an equivalent 1 dB optical/electrical 
power penalty. 80NET input jitter tolerance require
ments are shown in Figure 4. The measurement 
condition is the input jitter amplitude which causes an 
equivalent of 1 dB power penalty. 

Serial Data Output Set-up and Hold Time 

The output set-up and hold times are represented by 
the waveforms shown in Figure 3. 

Jitter Generation 

The jitter of the serial clock and serial data outputs 
shall not exceed .01 U.I. when a serial data input with 
less than 14ps (OC-12) or 56ps (OC-3) rms jitter is 
presented to the serial data inputs. 
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Figure 3. Clock Output to Data Transition Delay 
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Figure 4. Input Jitter Tolerance Specification 
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Figure 5. Jitter Transfer Specification 
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AMCC 
$3027 SONET/SDH/ATM CLOCK RECOVERY UNIT 

53027 Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin # 

SERDATIP Diff. I 2 
SERDATIN PECL 3 

BYPASS TTL I 16 

SD PECL I 15 

TTLREF TTL I 7 

CAP1 - I 18 
CAP2 17 

LCKREFN TTL I 8 

MODE TTL I 6 

SERDATOP Diff. 0 14 
SERDATON PECL 13 

SERCLKOP Diff. 0 12 
SERCLKON PECL 11 

7-110 

Description 

Serial data in. A clock is recovered from transitions on these 
inputs. 

Bypass enable, active high. Used during production test to 
bypass the VCO in the PLL. Tie to ground for normal operation. 

Signal detect, active high. A single-ended 1 OK PECL input to be 
driven by the external optical receiver module to indicate a loss 
of received optical power. When SD is inactive, the PLL will be 
forced to lock to the TTLREF input and the SERDATOP/N 
output will be held in the logic low state. When SD is active, data 
on the SERDATIP/N pins will be processed normally. 

Reference clock input used to establish the initial operating 
frequency of the clock recovery PLL and also used as a standby 
clock in the absence of data or when LOCKDET is inactive. 

The loop filter capacitor is connected to these pins. The 
capacitor value should be 1.0µf ±10% tolerance, X7'R dielectric. 
50 V is recommended. 

Lock to reference, active low. When active, the serial clock 
output will be forced to lock to the TTLREF local reference input 
and the SERDATOP/N output will be held on the logic low state. 
See Table 1. 

Rate select used to select the bit rate of the device. Set high to 
select 622.08 Mbit/s. Set low to select 155.52 Mbit/s. 

Serial data out signal that is the delayed version of the incoming 
data stream (SERDATI) updated on the falling edge of Serial 
Clock Out (SERCLKOP). 

Serial clock out signal that is phase aligned with Serial Data Out 
(SERDATOP/N). (See Figure 3.) 
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53027 Pin Assignment and Descriptions (Continued) 

Pin Name Level 110 Pin # Description 

LOCKDET PECL 0 5 Lock detect, active high. When active, this output indicates that 
the PLL is locked to the serial data inputs and valid clock and 
data are present at the serial outputs. When inactive, it indicates 
that the PLL is locked to the local reference clock. The lock 
detect will go inactive under the following conditions: 

1. If SON is inactive. 

2. If the serial data inputs contain insufficient run length (100 to 
800 bit times). 

3. If the VCO drifts away from the local reference clock by more 
than 1000 ppm. 

4. If LCKREFN is active. 

Lock detect will return to the active state if the serial data 
contains sufficient run length specs {less than 100-800 bit times) 
and the serial clock is within 250 ppm of the reference clock 
frequency. 

DGND GND - 9 Digital Ground (OV) 

DVCC +5V - 10 Digital Power Supply {+5V) 

AGND GND - 4, 19 Analog Ground (OV) 

AVCC +5V - 1, 20 Analog Power Supply (+5V) • 
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Figure 6. 53027A TSSOP Package 

E 

PIN 1 INDICATOR 

TOP VIEW 

SIDE VIEW 

All dimensions are in mm. 

GAUGE PLANE 

'---.,,,:!::--t---'-t-

T 1'11'. 

T 1'11'. 

Table 1. Clock and Data Output Control 

SD LCKREFN 

x x 
x 0 
0 x 
1 1 
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LOCK 
DETECT 

0 
x 
x 
1 

SERCLKOP/N SERDATP/N 

Active 0 
Active 0 
Active 0 
Active Active 
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Absolute Maximum Ratings 

Parameter Min Typ Max Unit 

Case Temperature under Bias -55 +125 oc 
Junction Temperature under Bias -55 +150 oc 
Storage Temperature -65 +150 oc 
Voltage on VCC with Respect to GND -0.5 +7.0 v 
Voltage on any TTL Input Pin -0.5 +5.5 v 
Voltage on any PECL Input Pin VCC-2.0 vcc v 
TTL Output Sink Current 20 mA 

TTL Output Source Current 10 mA 

High Speed PECL Output Source Current 50 mA 

Static Discharge Voltage 500 v 

Recommended Operating Conditions 

Parameter Min Typ Max Unit 

Ambient Temperature under Bias (industrial) -40 +85 oc 
Ambient Temperature under Bias (commercial) 0 +70 oc 
Junction Temperature under Bias -10 +130 oc 
Voltage on VCC with Respect to GND 4.75 5.0 5.25 v 
Voltage on Any TTL Input Pin 0.0 vcc v 
Voltage on Any PECL Input Pin VCC-2 vcc v 
PECL Output Source Current (500 to Vcc-2V) 14 25 mA • ICC Supply Current 80 110 mA 

Performance Specifications 

Parameter Min Typ Max Units Condition 

Nominal VCO 
622.08 MHz 

Center Frequency 

Reference Clock 
Frequency Tolerance 

Clock Recovery 1 -250 +250 ppm 

OC-12/STS-12 

Capture Range ±500ppm With respect to fixed reference 
frequency 

Clock Output Minimum transition density of 
Duty Cycle 45 55 %ofUI 20% 

Acquisition Lock Time 1 With device already powered up 
OC-12/STS-12 16 µsec and valid REFCLK. 

PECL Output Rise & 
600 ps 

10% to 90%, 50 to -2V 
Fall Times equivalent load, 5 pf cap 
SERCLKOP/N 

.005 .01 U.I. 
With less than 14ps rms jitter on 

Jitter Generation SERDATIP/N data inputs 

OC-12/STS-12 Sinusoidal input jitter. Amplitude 

Jitter Tolerance 1 0.5 U.1. 
on SERDATIP/N data inputs from 
250KHz to 5MHz. 

1 Guaranteed but not tested. 
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TTL Input/Output DC Characteristics' 
(T. = -40'C to +85°C, V cc = 5 V ±5%) 

Symbol Parameter Test Conditions Min Max Unit 
V1L1 Input LOW Voltage Guaranteed Input LOW Voltage for all inputs 0.8 Volts 

V1H1 Input HIGH Voltage Guaranteed Input HIGH Voltage for all inputs 2.0 Volts 

l1L Input LOW Current Vee= MAX, V1N = 0.5V -400.0 uA 

11H Input HIGH Current Vee= MAX, V1N = 2.7V 50.0 uA 

11 Input HIGH Current at Max VCC Vee= MAX, VIN= 5.25V 1.0 mA 

los Output Short Circuit Current v cc = MAX, Vour = 0.5V -100.0 -25.0 mA 

VIK Input Clamp Diode Voltage Vee= MIN, l1N = -18.0mA -1.2 Volts 

Vol TTL Output LOW Voltage Vee= MIN, loL = 8mA 0.5 Volts 

VoH TTL Output HIGH Voltage Vee= MIN, loH = -1.0mA 2.4 Volts 

1. These input levels provide a zero-noise immunity and should only be tested in a static, noise-free environment. 

PECL Input/Output DC Characteristics 
(T • = -40'C to +85°C, V cc = 5 V ±5%) 

Symbol Parameter Min 

V1L Input LOW Voltage vcc-2.000 

V1H Input HIGH Voltage Vcc-1.225 

V1L Input LOW Voltage vcc-2.000 

V1H Input HIGH Voltage vcc-1.150 

V10 Input Diff. Voltage 0.250 

l1H Input High Current -0.500 

l1L Input Low Current -0.500 

VoL Output LOW Voltage Vcc-2.000 

VoH Output HIGH Voltage vcc-1.110 

VoD Output Dill. Voltage 0.390 
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Typ 

0.500 

Max Unit Conditions 

Vee -1.441 Volts Guaranteed Input LOW Voltage 
for single-ended inputs 

Vcc·0.570 Volts Guaranteed Input HIGH Voltage 
for single-ended inputs 

Vcc-0.100 Volts 
Guaranteed Input LOW Voltage 
for differential inputs 

vcc-0.450 Volts 
Guaranteed Input HIGH Voltage 
for differential inputs 

1.400 Volts Differential Input Voltage 

20.000 µA V1D=500mV 

20.000 µA V10=500mV 

vcc-1.500 Volts 50 ohm termination to Vee -2V 

vcc-o.s10 Volts 50 ohm termination to Vee -2V 

1.330 Volts Differential Output Voltage 

Applied Micro Circuits Corporation 
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Ordering Information 

GRADE PART PACKAGE 

S-commercial/ 3027 A-20TSSOP 

Industrial 

~ \ 
x xxxx x 

Grade Part number Package 

• 
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DEVICE 
SPECIFICATION 

AMCC® 
SONET/SDH/ATM OC-3/0C-12 TRANSCEIVER 53028 

FEATURES 
• Complies with ANSI, Bellcore, and ITU-T 

specifications 
• Jitter generation better than ITU-T requirements 
• On-chip high-frequency PLL for clock 

generation 
• Supports 155.52 MHz (OC-3) and 

622.08 Mbit/s (OC-12) 
• Selectable reference frequencies of 19.44, 

38.88, 51.84, or 77.76 MHz 
• Interface to both PECL and TTL logic 
• 4-bit or 8-bit OC-3 TTL datapath 
• 8-bit OC-12 TTL datapath 
• Compact 64 PQFP package 
• Diagnostic loopback mode 
• Line loopback 
• Lock detect 
• LOS input 
• Low jitter PECL interface 
• 0.9W typical power dissipation 

APPLICATIONS 
• SONET/SDH-based transmission systems 
• SONET/SDH modules 
• SONET/SDH test equipment 
• ATM over SONET/SDH 
• Section repeaters 
• Add drop multiplexors 
• Broad-band cross-connects 
• Fiber optic terminators 
• Fiber optic test equipment 

Figure 1. System Block Diagram 

Controller 

Applied Micro Circuits Corporation 

Fiber 
Optic 

Module 
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GENERAL DESCRIPTION 

The S3028 SONET/SDH transceiver chip is a fully 
integrated serialization/deserialization SONET 
OC-12 (622.08 Mbit/s) and OC-3 (155.52 Mbit/s) in
terface device. The chip performs all necessary 
serial-to-parallel and parallel-to-serial functions in 
conformance with SONET/SDH transmission stan
dards. The device is suitable for SONET-based ATM 
applications and can be used in conjunction with 
AMCC's S3026 Clock Recovery device. Figure 1 
shows a typical network application. 

On-chip clock synthesis is performed by the high
freq uency phase-locked loop on the S3028 
transceiver chip allowing the use of a slower external 
transmit clock reference. The S3028 also performs 
SONET/SDH frame detection. The chip can be used 
with a 19.44, 38.88, 51.84 or 77.76 MHz reference 
clock, in support of existing system clocking 
schemes. 

The low jitter PECL interface guarantees compliance 
with the bit-error rate requirements of the Bellcore, 
ANSI, and ITU-T standards. The S3028 is packaged 
in a 64 PQFP, offering designers a small package 
outline. 

Since the S3028 jitter generation is better than the • 
ITU-T requirements over all reference frequencies, 
the designer can meet the overall system require-
ment including the optical interface devices (refer to 
Table 5 for jitter generation specifications). 

Fiber 
Optic 

Module 
Controller 
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SONET OVERVIEW 

Synchronous Optical Network (SONET) is a stan
dard for connecting one fiber system to another at 
the optical level. SONET, together with the Synchro
nous Digital Hierarchy (SDH) administered by the 
ITU-T, forms a single international standard for fiber 
interconnect between telephone networks of differ
ent countries. SONET is capable of accommodating 
a variety of transmission rates and applications. 

The SONET standard is a layered protocol with four 
separate layers defined. These are: 

• Photonic 
•Section 
•Line 
•Path 

Figure 2 shows the layers and their functions. Each of 
the layers has overhead bandwidth dedicated to admin
istration and maintenance. The photonic layer simply 
handles the conversion from electrical to optical and 
back with no overhead. It is responsible for transmitting 
the electrical signals in optical form over the physical 
media. The section layer handles the transport of the 
framed electrical signals across the optical cable 
from one end to the next. Key functions of this layer 
are framing, scrambling, and error monitoring. The 
line layer is responsible for the reliable transmission 
of the path layer information stream carrying voice, 
data, and video signals. Its main functions are syn
chronization, multiplexing, and reliable transport. 
The path layer is responsible for the actual transport 
of services at the appropriate signaling rates. 

Data Rates and Signal Hierarchy 

Table 1 contains the data rates and signal designations 
of the SONET hierarchy. The lowest level is the basic 
SONET signal referred to as the synchronous trans
port signal level-1 (STS-1 ). An STS-N signal is made 

Figure 3. STS-12/0C-12 Frame Format 

up of N byte-interleaved STS-1 signals. The optical 
counterpart of each STS-N signal is an optical car
rier level-N signal (OC-N). The S3028 chip supports 
OC-3 and OC-12 rates (155.52 and 622.08 MbiVs). 

Frame and Byte Boundary Detection 

The SONET/SDH fundamental frame format for STS-
12 consists of 36 transport overhead bytes followed 
by Synchronous Payload Envelope (SPE) bytes. 
This pattern of 36 overhead and 1044 SPE bytes is 
repeated nine times in each frame. Frame and byte 
boundaries are detected using the A 1 and A2 bytes 
found in the transport overhead. (See Figure 3.) 

For more details on SONET operations, refer to the 
ANSI SONET standard document. 

Table 1. SONET Signal Hierarchy 

Figure 2. SONET Structure 

Functions 

Payload to 
SPEmapping 

Maintenance, 
protection, 
switching 

Scrambling, 
framing 

Optical 
transmission 

Path layer 

Line layer 

Section layer 

" 
Photonic layer 1---l 

Layer Overhead 
(Embedded Ops 

Channel) 

l Path layer 

Line layer 576Kbps 

Section layer 192 Kbps 

~ Photonic layer Obps 

~ End Equipment End Equipment 

0~~~1 A2A2ro12:: D J Bytes Bytes 

"' 
----'------i 
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Transport Overhead 36 Columns 
36 x 9 = 324 bytes 

Synchronous Payload Envelope 1044 Columns 
1044 x 9 = 9396 
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Figure 4. S3028 Transceiver Functional Block Diagram S3028 OVERVIEW 
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The S3028 transceiver implements SONET/SDH se
rialization/deserialization, transmission, and frame 
detection/recovery functions. The block diagram in 
Figure 4 shows basic operation of the chip. This chip 
can be used to implement the front end of SONET 
equipment, which consists primarily of the serial 
transmit interface and the serial receive interface. 
The chip handles all the functions of these two 
elements, including parallel-to-serial and serial-to
parallel conversion, clock generation, and system 
timing. The system timing circuitry consists of man
agement of the datastream, framing, and clock 
distribution throughout the front end. 

The S3028 is divided into a transmitter section and a 
receiver section. The sequence of operations is as follows: 

Transmitter Operations: 

1. 4 or 8-bit parallel input 
2. Parallel-to-serial conversion 
3. Serial output 

Receiver Operations: 

1. Serial input 
2. Frame detection 
3. Serial-to-parallel conversion 
4. 4 or 8-bit parallel output 

Internal clocking and control functions are transpar
ent to the user. Details of data timing can be seen in 
Figures 7 through 13. 

Suggested Interface Devices 

AMCC 
AMCC 
PMCPM5312 

PMCPM5355 

S3026 622/155 MblVs Clock Recovery Device 

S3027 6221155 MblVs Clock Recovery Device 

STTX SONET/SDH Tranport Term. Transceiver 

SUNJ.fi22 Saturn User Network Interface 
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TRANSCEIVER FUNCTIONAL 
DESCRIPTION 

TRANSMITTER OPERATION 

The 53028 transceiver chip performs the serializing 
stage in the processing of a transmit SONET STS-3 or 
STS-12 bit serial data stream. It converts the byte serial 
19.44, 38.88 or 77.76 Mbyte/sec data stream to bit 
serial format at 155.52 or 622.08 MbiVsec. Diagnostic 
loopback is provided (transmitter to receiver). Line 
loopback is also provided (receiver to transmitter). 

A high-frequency bit clock can be generated from a 
19.44, 38.88, 51.84 or 77.76 MHz frequency reference 
by using an integral frequency synthesizer consisting of 
a phase-locked loop circuit with a divider in the loop. 

Clock Synthesizer 

The Clock Synthesizer, shown in the block diagram 
in Figure 4, is a monolithic PLL that generates the 
serial output clock phase synchronized with the input 
reference clock (REFCLK). There are three select
able output clock frequencies that are synthesizable 
from any of four selectable reference frequencies for 
SONET/SDH operation. 

The MODE inputs select the output serial clock fre
quency to be 622.08 MHz for STS-12, or 155.52 
MHz for STS-3. Their frequencies are selected as 
shown in Table 2. 

Table 2. Clock Frequency Options 

MODE OUTPUT CLOCK OPERATING 
FREQUENCY MODE 

1 622.08 MHz STS-12 
0 155.52 MHz STS-3 

The REFSEL[1 :OJ inputs in combination with the MODE 
input select the ratio between the output clock fre
quency and the reference input frequency, as shown 
in Table 3. This ratio is adjusted for each of the four 
modes so that the reference frequency selected by 
the REFSEL[1 :OJ is the same for all modes. 

The REFCLK input must be generated from a differ
ential PECL crystal oscillator which has a frequency 
accuracy of better than 20 ppm in order for the 
TSCLK frequency to have the same accuracy re
quired for operation in a SONET system. 

In order to meet the .01 UI SONET jitter specifications, 
the maximum reference clock jitter must be guaran
teed over the 12KHz to 1 MHz bandwidth. For details 
of reference clock jitter requirements, see Table 4. 
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Table 3. Reference Frequency Options 

REFS EL REFERENCE CLOCK OPERATING 
[1:0] FREQUENCY MODE 

00 19.44 MHz STS-12,STS-3 

01 38.88 MHz STS-12,STS-3 

10 51.84 MHz STS-12,STS-3 

11 77.76 MHz STS-12 

Table 4. Reference Jitter Limits 
Maximum Reference Clock Jitter Operating 

in 12 KHz to 1 MHz Band Mode 

14 ps mis STS-12 

56 ps mis STS-3 

The on-chip PLL consists of a phase detector, which 
compares the phase relationship between the VCO out
put and the REFCLK input, a loop filter which converts 
the phase detector output into a smooth DC voltage, 
and a VCO, whose frequency is varied by this voltage. 

The loop filter generates a VCO control voltage based 
on the average DC level of the phase discriminator 
output pulses. The loop filter's corner frequency is 
optimized to minimize output phase jitter. 

Timing Generator 

The Timing Generator function, seen in Figure 4, pro
vides two separate functions. It provides a byte rate 
version of the TSCLK, and a mechanism for aligning 
the phase between the incoming byte clock and the 
clock which loads the parallel-to-serial shift register. 

The PCLK output is a byte rate version of TSCLK. 
For STS-12, the PCLK frequency is 77.76 MHz, and 
for STS-3, its frequency is 19.44 or 38.88 MHz. 
PCLK is intended for use as a byte speed clock for 
upstream multiplexing and overhead processing cir
cuits. Using PCLK for upstream circuits will ensure a 
stable frequency and phase relationship between the 
data coming into and leaving the 53028 device. 

In the parallel-to-serial conversion process, the in
coming data is passed from the PICLK byte clock 
timing domain to the internally generated byte clock 
timing domain, which is phase aligned to TSCLK. 

Applied Micro Circuits Corporation 
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The Timing Generator also produces a feedback ref
erence clock to the Clock Synthesizer (BYTCLKIP). 
A counter divides the synthesized clock down to the 
same frequency as the reference clock REFCLK. 
The PLL in the Clock Synthesizer maintains the sta
bility of the synthesized clock by comparing the 
phase of the BYTCLKIP clock with that of the refer
ence clock (REFCLK). The modulus of the counter is 
a function of the reference clock frequency and the 
operating frequency. 

Parallel-to-Serial Converter 

The Parallel-to-Serial converter shown in Figure 4 is 
comprised of two byte-wide registers. The first regis
ter latches the data from the PIN[7:0) bus on the 
rising edge of PICLK. The second register is a paral
lel loadable shift register which takes its parallel 
input from the first register. 

An internally generated byte clock, which is phase 
aligned to the transmit serial clock as described in 
the Timing Generator description, activates the paral
lel data transfer between registers. The serial data is 
shifted out of the second register at the TSCLK rate. 

RECEIVER OPERATION 

The S3028 transceiver chip provides the first stage 
of digital processing of a receive SONET STS-3 or 
STS-12 bit-serial stream. It converts the bit-serial 
155.52 or 622.08 Mbit/sec data stream into a 19.44, 
38.88 or 77.76 Mbyte/sec byte-serial data format. A 
loopback mode is provided for diagnostic loopback 
(transmitter to receiver). An additional loopback mode 
is provided for line loopback (receiver to transmitter). 

Frame and Byte Boundary Detection 

The Frame and Byte Boundary Detection circuitry 
searches the incoming data for three consecutive A1 
bytes followed immediately by three consecutive A2 
bytes. Framing pattern detection is enabled and dis
abled by the out-of-frame (OOF) input. Detection is 
enabled by a rising edge on OOF, and remains en
abled for the duration that OOF is set high. It is 
disabled when a framing pattern is detected after 
OOF is set low. When framing pattern detection is 
enabled, the framing pattern is used to locate byte 
and frame boundaries in the incoming data stream 
(RSD or looped transmitter data). The timing genera
tor block takes the located byte boundary and uses it 
to block the incoming data stream into bytes for out-

Applied Micro Circuits Corporation 
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put on the parallel output data bus (POUT[7:0)). 
When framing pattern detection is enabled, the 
frame boundary is reported on the frame pulse (FP) 
output when any 48-bit pattern matching the framing 
pattern is detected on the incoming data stream. 
When framing pattern detection is disabled, the byte 
boundary is frozen to the location found when detec
tion was previously enabled. Only framing patterns 
aligned to the fixed byte boundary are indicated on 
the FP output. 

The probability that random data in an STS-3 or 
STS-12 stream will generate the 48-bit framing pat
tern is extremely small. It is highly improbable that a 
mimic pattern would occur within one frame of data. 
Therefore, the time to match the first frame pattern 
and to verify it with down-stream circuitry, at the next 
occurrence of the pattern, is expected to be less 
than the required 250 µs, even for extremely high bit 
error rates. 

Once down-stream overhead circuitry has verified 
that frame and byte synchronization are correct, the 
OOF input can be set low to disable the frame 
search process from trying to synchronize to a mimic 
frame pattern. 

Serial to Parallel Converter 

The Serial to Parallel Converter consists of three 
8-bit registers. The first is a serial-in, parallel-out 
shift register, which performs serial to parallel con
version clocked by the clock recovery block. The 
second is an 8-bit internal holding register, which 
transfers data from the serial to parallel register on 
byte boundaries as determined by the frame and 
byte boundary detection block. On the falling edge of 
the free running POCLK, the data in the holding reg
ister is transferred to an output holding register 
which drives POUT[7:0). 

The delay through the Serial to Parallel converter 
can vary from 1.5 to 2.5 byte periods (12 to 20 serial 
bit periods) measured from the first bit of an incom
ing byte to the beginning of the parallel output of that 
byte. The variation in the delay is dependent on the 
alignment of the internal parallel load timing, which is 
synchronized to the data byte boundaries, with re
spect to the falling edge of POCLK, which is 
independent of the byte boundaries. The advantage of 
this serial to parallel converter is that POCLK is neither 
truncated nor extended during reframe sequences. 
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OTHER OPERATING MODES 

Diagnostic Loopback 

When the Diagnostic Loopback Enable (DLEB) input is 
low, a loopback from the transmitter to the receiver 
at the serial data rate can be set up for diagnostic 
purposes. The differential serial output data from the 
transmitter is routed to the serial-to-parallel block in 
place of the normal data stream (RSD). 

line loopback 

The Line Loopback circuitry consists of alternate clock 
and data output drivers. For the 53028, it selects the 
source of the data and clock which is output on TSD 
and TSCLK. When the Line Loopback Enable input 
(LLEB) is high, it selects data and clock from the 
Parallel to Serial Converter block. When LLEB is 
low, it forces the output data multiplexor to select 
data and clock from the RSD and RSCLK inputs, 
and a receive-to-transmit loopback can be estab
lished at the serial data rate. Diagnostic Loopback 
and Line Loopback can be active at the same time. 
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53028 Transceiver Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin# Description 

PIN7 TTL I 60 Parallel data input, a 77.76 Mbyte/s, 38.88 MByte/s, or19.44 
PIN6 59 Mbyte/s word, aligned to the PICLK parallel input clock. PIN7 is 
PIN5 58 the most significant bit {corresponding to bit 1 of each PCM 
PIN4 57 word, the first bit transmitted). PINO is the least significant bit 
PIN3 56 {corresponding to bit 8 of each PCM word, the last bit 
PIN2 55 transmitted). PIN{7-0) is sampled on the rising edge of PICLK. If 
PIN1 54 a 4-bit bus width is selected, PIN7 is the most significant bit, and 
PINO 53 bit 4 is the least significant bit. 

PICLK TTL I 61 Parallel input clock, a 77.76, 38.88, or19.44 MHz, nominally 
50% duty cycle input clock, to which PIN{7-0) is aligned. PICLK 
is used to transfer the data on the PIN inputs into a holding 
register in the parallel-to-serial converter. The rising edge of 
PICLK samples PIN{7-0). After a Master Reset, two rising edges 
of PICLK are required to fully initialize the internal datapath. 

CAP1 Analog I 10 The loop filter capacitor is connected to these pins. The 
CAP2 11 capacitor value should be 0.01 µf ±10% tolerance, X7'R 

dielectric. 50 volt is recommended (16 volt is acceptable). 

TSDP Diff. 0 17 Transmit serial data. Diff. PECL serial data stream signals, 
TSDN PECL 18 normally connected to an optical transmitter module. 

TSCLKP Diff. 0 21 Diff. PECL transmit serial clock that can be used to retime the 
TSCLKN PECL 20 TSD signal. This clock will be 622 MHz or 155 MHz, depending 

on the operating mode. 

PCLK TTL 0 62 A reference clock generated by dividing the internal bit clock by 
eight {or by four when bus width is low). It is normally used to • coordinate byte-wide transfers between upstream logic and the 
S3028 device. 

LOCKDET TTL 0 63 Lock detect signal, active High. When active, this output 
indicates the transmit PLL is locked to the reference clock input. 
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53028 Transceiver Pin Assignment and Descriptions (continued) 

Pin Name Level 1/0 Pin # 

RSDP Diff. I 24 
RSDN PECL 25 

RSCLKP Diff. I 27 
RSCLKN PECL 28 

OOF TTL I 33 

SDPECL PECL I 23 

SD TTL TTL I 22 

POUT7 TTL 0 45 
POUT6 44 
POUTS 43 
POUT4 41 
POUT3 40 
POUT2 39 
POUT1 37 
POUTO 36 

19MCK TTL 0 64 

7-124 

Description 

Diff. PECL receive serial data stream signals normally 
connected to an optical receiver module. These inputs are 
clocked by the RSCLK inputs. 

Diff. PECL recovered clock signal that is synchronous with the 
RSD inputs. This clock is used by the receive section as the 
master clock to perform framing and deserialization functions. 

Out of frame indicator used to enable framing pattern detection 
logic in the S3028. This logic is enabled by a rising edge on 
OOF, and remains enabled until frame boundary is detected or 
when OOF is set low, whichever is longer. OOF is an 
asynchronous signal with a minimum pulse width of one POCLK 
period. (See Figures 12 and 13.) 

PECL Signal Detect. PECL with internal 1 kQ pull-down. Active 
High when SDTTL is held at logic O. Active Low when SDTTL is 
held at logic 1. A single-ended 1 OK PECL input to be driven by 
the external optical receiver module to indicate a loss of 
received optical power. When SDPECL is inactive, the data on 
the Serial Data In (RSDP/N) pins will be internally forced to a 
constant zero. When SDPECL is active, data on the RSDP/N 
pins will be processed normally. When SDTTL is to be 
connected to the optical receiver module instead of SDPECL, 
then SDPECL should be tied High to implement an active low 
Signal Detect, or left unconnected to implement an active high 
Signal Detect. 

TTL Signal Detect. Active High when SDPECL is unconnected 
(logic O). Active Low when SDPECL is held at logic 1. A single-
ended TTL input to be driven by the external optical receiver 
module to indicate a loss of received optical power. When 
SDTTL is inactive, the data on the RSDP/N pins will be 
internally forced to a constant zero. When SDTTL is active, data 
on the RSDP/N pins will be processed normally. 

Parallel data output bus, a 77.76 Mbyte/s, 38.88 Mbyte/s, 
or19.44 Mbyte/s word, aligned to the POCLK parallel output 
clock. POUT7 is the most significant bit (corresponding to bit 1 
of each PCM word, the first bit received). POUTO is the least 
significant bit (corresponding to bit 8 of each PCM word, the last 
bit received). POUT(7-0) is updated on the falling edge of 
POCLK. If a 4-bit bus width is selected, POUT7 is the most 
significant bit, and bit 4 is the least significant bit. 

19 MHz clock output from the clock synthesizer. This output 
should be connected to the reference clock input of the external 
clock recovery function (such as the 83026). 
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53028 Transceiver Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 Pin # Description 

FP TTL 0 35 Frame pulse. Indicates frame boundaries in the incoming data 
stream (RSD). If framing pattern detection is enabled, as 
controlled by the OOF input, FP pulses high for one POCLK 
cycle when a 48-bit sequence matching the framing is detected 
on the RSD inputs. When framing pattern detection is disabled, 
FP pulses high when the incoming data stream, after byte 
alignment, matches the framing pattern. FP is updated on the 
falling edge of POCLK. 

POCLK TTL 0 47 A 77.76, 38.88, or 19.44 MHz nominally 50% duty cycle, byte 
rate output clock that is aligned to POUT(7-0) byte serial output 
data. POU.T(7-0) and FP are updated on the falling edge of 
POCLK. 

53028 Common Control Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin # Description 

TESTEN TTL I 13 Test clock enable signal, active High. Set high to provide access 
to the PLL during production tests. 

BUSWIDTH TTL I 30 Bus width selection. Used to select 4-bit or 8-bit operation of the 
transmit and receive parallel interfaces. Low selects a 4-bit bus 
width. High selects an 8-bit bus width. Must be high for 622-Mbit 
operation. • REFCLKP Diff. I 15 Reference clock input. Used as the reference for the internal bit 

REFCLKN PECL 14 clock frequency synthesizer. 

DLEB TTL I 32 Diagnostic loopback enable, active Low. Selects diagnostic 
loopback. When DLEB is high, the S3028 device uses the 
primary data (RSD) and clock (RSCLK) inputs. When low, the 
S3028 device uses the diagnostic loopback clock and data from 
the transmitter. 

RSTB TTL I 48 Master reset. Reset input for the device, active Low. During 
reset, PCLK does not toggle. 

LLEB TTL I 31 Line loopback enable, active Low. Selects line loopback. When 
LLEB is low, the S3028 will route the data from the RSD/RSCLK 
inputs to the TSD/TSCLK outputs. 

REFSEL1 TTL I 4 Reference select inputs. Used to select the reference clock 
REFSELO 3 frequency. See Table 3. 

MODE TTL I 49 Mode select, used to select the serial bit rate. Low selects 
155.52 Mbit/s. High selects 622.08 Mbit/s. For 155.52 Mbit/s 
mode, the parallel interface can operate with 4 bits. 

TESTRST TTL I 50 Test reset input, active High. Used to reset portions of the PLL 
during production testing. Held low for normal operation. 
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53028 Power Pin Assignment and Descriptions 

Pin Name Level 1/0 

AGND ov -

AVCC +5V -

CGND ov -

TXOUTGND ov -

TXOUTVCC +5V -

RXCOREVCC +5V -

RXCOREGND ov -

TTLVCC +5V -

TTLGND ov -

TXCOREGND ov -

TX CO REV CC +5V -

7-126 

Pin# 

5,8 

6, 7 

9, 12 

19 

16 

26,52 

29,51 

38,46 

34,42 

2 

1 

Description 

Analog OV 

Analog +5V via individual Ferrite bead (BLM32A06) and 
individual decoupling. 

Ground ring to guard CAP1 and CAP2 pins connect to ground 
plane at a single point. 

Digital OV 

Digital +5V, Individually decoupled. 

Digital +5V, individually decoupled. 

Digital OV 

Digital +5V, Individually decoupled. 

Digital OV 

Digital OV 

Digital +5V, individually decoupled. 

Applied Micro Circuits Corporation 
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Figure 5. 64 PQFP Package 
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Figure 6. 64 PQFP Pinouts 
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Table 5. Performance Specifications 

Parameter Min Typ Max Units Condition 

Nominal VCO 622.08 
MHz 

Center Frequency ±12% 

Data Output Jitter* UI (rms) rms jitter, in lock 
STS-12 
- 19.44 MHz Ref. Clk. 0.007 
- 38.88 MHz Ref. Clk. 0.006 
- 51.84 MHz Ref. Clk. 0.005 
- 77.76 MHz Ref. Clk. 0.004 
STS-3 
- 19.44 MHz Ref. Clk. 0.002 
- 38.88 MHz Ref. Clk. 0.001 
- 51.84 MHz Ref. Clk. 0.001 

Reference Clock 
-20 +20 

Required to meet SONET output 
Frequency Tolerance* 

ppm 
frequency specification 

Reference Clock 
30% 70% %of UI 

Input Duty Cycle 

Reference Clock Rise & 
2.0 10% to 90% of amplitude 

Fall Times 
ns 

ECL Output Rise & Fall 
450 ps 

10% to 90%, 500 load, 
Times 5 pf cap 

• Noise on REFCLKP/N should be less than 14 ps rms in a jitter frequency band from 12 KHz to 1 MHz. • 
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Absolute Maximum Ratings 
Parameter Min Typ Max Unit 

Case Temperature under Bias -55 125 oc 
Junction Temperature under Bias -55 150 oc 
Stor~ Temperature -65 150 oc 
Voltage on VCC with Respect to GND -0.5 +7.0 v 
Voltage on Any TIL Input Pin -0.5 +5.5 v 
Vol~e on An__y_PECL Input Pin 0 v~ v 
TIL Output Sink Current 8 mA 

TIL Output Source Current 8 mA 

High Speed PECL Output Source 

Current 50 mA 

Static Discharge Voltage 500 v 

Recommended Operating Conditions 

Parameters Min Typ Max Units Conditions 

Ambient temperature under bias -40 85 ·c Note 1 

Junction temperature under bias -40 +130 ·c 
Voltage on VCC with respect to GND 4.75 5.0 5.25 v 

Voltage on any TTL input pin 0 vcc v 
Voltage on any PECL pin VCC-2 vcc v 

'cc Supply Current 180 260 mA Outputs open, Vee= Vee max 

Po Power Dissipation .900 1.37 w Outputs open, Vee= Vee max 

Capacitive load on any TTL pin 15 pF 

Note 1: Applications above 70"C ambient require one or more power/GND planes in circuit board. 
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TTL Input/Output DC Characteristics 

Parameters Description Min Typ Max Units Conditions 

VoH Output HIGH Voltage (TTL) 2.7 v Vee= min, loH = -1mA 

Vol Output LOW Voltage (TTL) .5 v Vee= min, loL = 4mA 

V1H Input HIGH Voltage (TTL) 2.0 5.5 v IH,,;1mAatV1H=5.5V 

VIL Input LOW Voltage (TTL) 0 0.8 v -

l1H Input HIGH Current (TTL) 50 µA VIN =2.4V 

Ill Input LOW Current (TTL) -500 -50 µA VIN =0.5V 

11 Input HIGH Current at max VCC 1.0 mA Vee= max, v 1N = 5.5V 

las Output short circuit current -100.0 -25.0 mA Vee= max, VouT = 0.5V 

VIK Input clamp diode voltage -1.2 v Vee= min, v 1N = -18mA 

PECL Input/Output DC Characteristics 

Parameters Description Min Typ Max Units Conditions 

VCC-2.000 VCC-1.504 -40"C 
VIL PECL Input LOW Voltage VCC-2.000 VCC-1.475 v 25"C 

VCC-2.000 VCC-1.441 85"C 

VCC-1.255 VCC-0.778 v -40"C 
V1H PECL Input HIGH Voltage VCC-1.105 VCC-0.680 25"C 

VCC-1.023 VCC-0.573 85"C 

PECL Output LOW Voltage 
VCC-2.500 VCC-1.647 v -40"C 

Vol VCC-2.500 VCC-1.620 25"C 
for differential PECL outputs 

VCC-2.500 VCC-1.573 85"C • 
PECL Output HIGH Voltage VCC-1.500 VCC-0.828 v -40"C 

VoH VCC-1.422 VCC-0.730 25"C 
for differential PECL outputs 

VCC-1.342 VCC-0.623 05·c 

t.VDIFF Min. differential input voltage 100 1300 mV 
swing for differential PECL 
inputs 

t.VouT Serial Output Voltage Swing 600 1600 mV 5on to Vee -2.ov 
for differential PECL outputs 
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Table 5. AC Receiver Timing Characteristics 

Symbol Description Min Max Units 

POCLK Duty Cycle 45 55 % 

POCLK Low to POUT [7:0] Valid Prop. Delay @ STS-3, 8-bit -8 0 ns 
tPPOUT POCLK Low to POUT (7:0] Valid Prop. Delay @ STS-3, 4-bit -8 0 ns 

POCLK Low to POUT [7:0] Valid Prop. Delay @ STS-12 -3 1 ns 

!SPOUT POUT[7:0] and FP Set-up Time w.r.t. POCLK 1 4 ns 

tHPOUT POUT[7:0] and FP Hold Time w.r.t. POCLK 1 3 ns 

tSRSD RSDP/N Setup Time w.r.t. RSCLKP/N 400 ps 

!HRSD RSDP/N Hold Time w.r.t. RSCLKP/N 400 ps 

1. Set-up and hold times are specified for an interface which directly connects the 83028 receiver parallel outputs to the 
data and clock inputs on an external register. 
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Figure 7. Receiver Output Timing 

POCLK 

Notes on TTL Output Timing: 

50% 

70% 
30% 

tSpour 

1. Output propagation delay time of TTL outputs is the time in nanoseconds from the 50% 
point of the reference signal to the 30% or 70% point of the output. 

2. Maximum output propagation delays and duty cycles of TTL outputs are measured with a 
15 pF load. 

3. When a set-up time is specified on TTL signals between an output and a clock, the set-up 
time is the time in picoseconds from the 50% point of the output to the 50% point of the clock. 

4. When a hold time is specified on TTL signals between an output and a clock, the hold time 
is the time in picoseconds from the 50% point of the clock to the 50% point of the output. 

Figure 8. Receiver Input Timing 

RSCLKP 

RSDP/N 

Notes on High-Speed PECL Input Timing 
1.Timing is measured from the cross-over point of the reference signal to the cross-over 

point of the input. 
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Table 7. AC Transmitter Timing Characteristics 

Symbol Description 

TSCLK Frequency (nom. 155 or 622 MHz) 

TSCLK Duty Cycle 

PICLK Duty Cycle 

tSPIN PIN (7.0] Set-up Time w.r.t. PICLK 

tHPIN PIN (7.0] Hold Time w.r.t. PICLK 

WTSD TSCLK Low to TSD Valid Propagation Delay 

rn-TSD TSD Set-up Time w.r.t. TSCLK 

tHTSD TSO Hold Time w.r.t. TSCLK 

Figure 9. Transmitter Input Timing 

PICLK 

PIN[7:0] 

1. When a set-up time is specified on TTL signals between 
an input and a clock, the set-up time is the time in pico 
seconds from the 50% point of the input to the 50% 
point of the clock. 

2. When a hold time is specified on TTL signals between 
an input and a clock, the hold time is the time in pico 
seconds from the 50% point of the clock to the 50% 
point of the input. 
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Min Max Units 

640 MHz 

40 60 % 

33 67 % 

1.5 ns 

1.0 ns 

440 ps 

400 ps 

400 ps 

Figure 10. Transmitter Output Timing 

TSCLKP 

TSO 

Notes on High-Speed PECL Output Timing 
1. Timing is measured from the cross-over point of the 

reference signal to the cross-over point of the output. 
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RECEIVER FRAMING 

Figure 11 shows a typical reframe sequence in 
which a byte realignment is made. The frame and 
byte boundary detection is enabled by the rising 
edge of OOF and remains enabled while OOF is 
high. Both boundaries are recognized upon receipt 
of the third A2 byte which is the first data byte to be 
reported with the correct byte alignment on the out
going data bus (POUT[7:0]). Concurrently, the frame 
pulse is set high for one POCLK cycle. 

When interfacing with a section terminating device, 
the OOF input remains high for one full frame after 
the first frame pulse while the section terminating 
device verifies internally that the frame and byte 
alignment are correct, as shown in Figure 12. Since 
at least one framing pattern has been detected since 
the rising edge of OOF, boundary detection is dis
abled when OOF is set low. 

Figure 11. Frame and Byte Detection 

RECOVERED 
CLOCK/ 
REFCLK 

OOF 

RSD 

A1 I A1 I A1 I A2 

The frame and byte boundary detection block is acti
vated by the rising edge of OOF, and stays active 
until the first FP pulse or until OOF goes low, which
ever occurs last. Figure 12 shows a typical OOF 
timing pattern which occurs when the 83028 is con
nected to a down stream section terminating device. 
OOF remains high for one full frame after the first FP 
pulse. The frame and byte boundary detection block 
is active until OOF goes low. 

Figure 13 shows the frame and byte boundary detec
tion activation by a rising edge of OOF, and 
deactivated by the first FP pulse. 

A2 A2 

~1· r1 NOTE1 
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I 

~~~~~~~~~IL_ 
NOTE 1: Range of input to output delay can be 1.5 to 2.5 POCLK cycles. 

NO 

Figure 12. OOF Operation Timing with PM5312 
srrx or PM5355 SUN/-622 
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·~--------------;'L OOF __j 

FP 
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Figure 13. Alternate OOF Timing 
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INTRODUCTION 

In some applications it is necessary to "forward 
clock" the data in an SONET/SDH system. In this 
application the reference clock from which the high 
speed serial clock is synthesized and the parallel 
data clock both originate from the same (usually 
TTUCMOS) clock source. This application note ex
plains how the AMCC S3028 can be configured to 
operate in this mode. 

Clock Control Logic Description 

The timing control logic in the S3028 automatically 
generates an internal load signal which has a fixed 
relationship to the reference clock. The logic takes 
into account the variation of the reference clock to the 
internal load signal over temperature and voltage. 

The connections required to implement the design 
are shown in Figure 14, and the timing specifications 
are shown in Figure 15. The setup and hold times for 
the reference clock to the data must be met by the 
controller ASIC. We recommend latching the data on 
the falling edge of the reference clock in order to 
meet the required specifications. 

Possible Problems 

In order to meet the jitter generation specifications 
required by SONET, the jitter of the reference clock 
must be minimized. It may be difficult to meet the 
SONET jitter generation specifications using a refer
ence clock input with a TTL reference source. 

Figure 14. 53028 with Data Clocked by Reference Clock 
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Figure 15. Data Timing with Respect to Reference Clock 
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Ordering Information 

GRADE 

$-Industrial/Commercial 
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TRANSCEIVER PACKAGE 

3028 A-64PQFP 

I 
x xxxx x 

Grade PiiiiiiiiiTiiier Package 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



PRELIMINARY 
SPECIFICATION AMCC" 
SONET/SDH/ATM 155 MBIT/S QUAD TRANSCEIVER S3029 

FEATURES 

• Complies with ANSI, Bellcore, and ITU-T 
specifications for jitter tolerance, jitter generation 

• Five on-chip high frequency PLLs with 
internal loop filters for clock recovery 
Supports clock recovery for STS-3/STM-1 
(155.52 Mbit/s) NRZ data 

• Clock Multiplier PLL for transmit clock 
generation 

• 19.44 or 51.84 MHz reference frequency 
• Lock detect-monitors run length and 

frequency 
Low-jitter differential interface 
3.3V supply 
Available in a 64-pin TQFP package 

• Compatible with lgT WAC-413 ATM Quad
UNI processor 

Figure 1. System Block Diagram 
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GENERAL DESCRIPTION 

The function of the 83029 clock synthesis and recov
ery unit is to derive high speed timing signals for 
80NET/8DH-based equipment. The 83029 is imple
mented using AMCC's proven Phase Locked Loop 
(PLL) technology. 

The 83029 receives four 8T8-3/8TM-1 scrambled NRZ 
signals and recovers the clock from the data and 
generates a 155 MHz transmit clock. The chip out
puts a differential PECL bit clock and retimed data. 
Figure 1 shows a typical network application. 

The S3029 utilizes five on-chip PLLs which consist of 
a phase detector, a loop filter, and a voltage con
trolled oscillator (VCO). The phase detector 
compares the phase relationship between the VCO 
output and the serial data input. A loop filter converts 
the phase detector output into a smooth DC voltage, 
and the DC voltage is input to the VCO whose fre
quency is varied by this voltage. A block diagram is 
shown in Figure 2. There is a single clock multiplier 
PLL which generates a 155 MHz transmit clock from 
a 19.44 or 51.84 MHz input. 

155 Mbp/s 
Network 

...... ~~-. Interface Processor 

155 Mbp/s 
Network 

-+-~~--. Interface Processor 

155 Mbp/s 
Network 

-+"""""'---I Interface Processor 

155 Mbp/s 
Network 

-"""""'---I Interface Processor 
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Figure 2. Functional Block Diagram 
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S3029 OVERVIEW 

The 83029 supports clock recovery for the 8T8-3/ 
8TM-1 data rate. The LVPECL differential serial data 
is input to the chip and clock recovery is performed on 
the incoming data stream. An external reference clock 
is required to minimize the PLL lock time and provide 
a stable output clock source in the absence of serial 
input data. Retimed data and clock are output from the 
83029. 

CHARACTERISTICS 

Performance 

The 83029 PLL complies with the minimum jitter tol
erance for clock recovery proposed for 80NET/8DH 
equipment defined by the T1 X1 .6/91-022 document, 
when used with differential inputs and outputs as 
shown in Figure 3. 

Input Jitter Tolerance 

Input jitter tolerance is defined as the peak to peak 
amplitude of sinusoidal jitter applied on the input sig
nal that causes an equivalent 1 dB optical/electrical 
power penalty. 80NET input jitter tolerance require
ments are shown in Figure 3. The measurement 
condition is the input jitter amplitude which causes an 
equivalent of 1 dB power penalty. 

Serial Data Output Set-up and Hold Time 

The output set-up and hold times are represented by 
the waveforms shown in Figure 4. 

Applied Micro Circuits Corporation 
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Figure 3. Input Jitter Tolerance Specification 
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Figure 4. Clock Output to Data Transition Delay 
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19.44 MHz 
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53029 Transceiver Pin Assignment and Descriptions 

Pin Name Level 1/0 

REFCKINP/N Diff. I 
LVPECL 

SERDATIP/NO Diff. I 
SERDATI P/N1 LVPECL 
SERDATI P/N2 
SERDATIP/N3 

TSTCLKEN LVTTL I 

SDO LVPECL I 
SD1 
SD2 
SD3 

LCKREFNO LVTTL I 
LCKREFN1 
LCKREFN2 
LCKREFN3 

REFS EL LVTTL I 

LOCKDETO LVTTL 0 
LOCKDET1 
LOCKDET2 
LOCKDET3 

SERDATOP/NO Diff. 0 
SERDATOP/N1 LVPECL 
SERDATOP/N2 
SERDATOP/N3 

SERCLKOP/NO Diff. 0 
SERCLKOP/N1 LVPECL 
SERCLKOP/N2 
SERCLKOP/N3 

TXCLKOP/N Diff. 0 
LVPECL 
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Pin # 

53,54 

1,2 
7,8 

15,16 
22,21 

3 

56 
55 
52 
51 

64 
63 
60 
59 

6 

9 
14 
17 
20 

44,43 
40,39 
30,29 
26,25 

46,45 
38,37 
32,31 
24,23 

50,49 

Description 

Reference Clock. 19.44 or 51.84 MHz input used to generate 
the 155 MHz transmit clock. This input is also used as the 
reference for the internal bit clock in the absence of serial data 
or during reset in clock recovery mode. 

Serial Data In. Clock is recovered from the transitions on these 
inputs. 

Test Clock Enable. Active High. Used during production test to 
bypass the VCO in the PLL. Tie to ground for normal operation. 

Signal Detect. Active High. A single-ended 1 OK ECL input to be 
driven by the external optical receiver module to indicate 
detection of received optical power. When SD is inactive, the 
data on the Serial Data In (SERDATIP/N) pins will be internally 
forced to a constant zero, LOCKDET forced low, and the PLL 
forced to lock to the REFCK input. When SD is active, data on 
the SERDATIP/N pins will be processed normally. This pin has 
an internal 1 Kn pull-down. 

Lock to Reference. Active Low. When active, this input will force 
the CRU to lock to the local reference clock. This input has an 
internal 1 K pull-up and may be left unconnected if not used. 

Reference Select. This input selects the frequency of the 
REFCKIN/P. (See Table 1). 

Lock Detect. Active High. Clock recovery indicator. Set high 
when the internal clock recovery has locked onto the incoming 
datastream. LOCKDET is an asynchronous output. This output 
is deasserted when the data rate of the SERDATIP/N input is 
not within the capture range of the PLL; in which case the PLL 
locks to the reference clock. 

Serial Data Out. This signal is the delayed version of the 
incoming data stream (SERDATI) updated on the falling edge of 
Serial Clock Out (SERCLKOP). 

Serial Clock Out. This signal is phase aligned with Serial Data 
Out (SERDATO) when Lock Detect (LOCKDET) is High. When 
Lock Detect is Low, Serial Clock Out is synchronous with 
Reference Clock (REFCKIN). 

Transmit Clock Out. This is a 155 MHz clock which can be used 
by the controller as a clock source for the transmitter logic. 
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53029 Transceiver Pin Assignment and Descriptions (continued) 

Pin Name Level VO Pin # Description 

TXoPOW Digital - 48 +3.3V (individual decoupling) 
CRUoPOWO Power 42 
CRUoPOW1 36 
CRUoPOW2 34 
CRUoPOW3 28 

TXoGRD Digital - 47 OV (ground) 
CRUoGRDO Ground 41 
CRUoGRD1 35 
CRUoGRD2 33 
CRUoGRD3 27 

vcovcc Analog - 58 +3.3V via individual Ferrite bead (BLM32A06) and individual 
OPAVCC Power 62 decoupling. 
ACRUPOWO 4 
ACRUPOW1 10 
ACRUPOW2 12 
ACRUPOW3 18 

VCOGRD Analog - 57 OV (ground) 
OP AG RD Ground 61 
ACRUGRDO 5 
ACRUGRD1 11 
ACRUGRD2 13 
ACRUGRD3 19 

• 
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Figure 5. 53029 64 TQFP Package 

FOOTPRINT BODY + 2.00 mm 
PACKAGE THICKNESS 1.40 
D~. ITllL ]:.[ 

A MA~ ·1.60 
~ _05 _M.!N..I 15.. MAX. 
k2 :t.05 1~ 
_Q_ :t:.20 12_00 
01 :t.J.O 10.00 
E :t:~O 12.00 
Ei :t.10 10.00 
L +J:5_L-.10 _60 
e Ji~ ;50 
b :t.05 .22 
e ~-I 

ddd MAX. .08 
CCC MAX, .08 
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Figure 6. 53029 64 TQFP Pinout 
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Performance Specifications 

Parameter Min Typ 

NominalVCO 
155.52 Center Frequency 

-20 
Reference Clock 
Frequency Tolerance 

-100 

OC-3/STS-3 

Capture Range' ±200ppm 

Lock Range +8,-12% 
Clock Output 

Duty Cycle 40 
Acquisition Lock Time' 
OC-3/STS-3 

Reference Clock 
30 Input Duty Cycle 

Reference Clock Rise & 
Fall Times 

PECL Output Rise & 
Fall Times 

TXCLKOP/N 
Jitter Generation 

1 Guaranteed but not tested. 
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Max 

+20 

+100 

60 

64 

70 

2.0 

1.5 

.07 

Units Condition 

MHz 

ppm 
For SONET OC-3 Transmit 
Frequency Tolerance 

For 155 ATM Transmit Frequency 
ppm 

Tolerance 

With respect to fixed reference 
frequency 

%ofUI 

µsec 
With device already powered up 
and valid REFCLK. 

% of 
period 

ns 10% to 90% of amplitude 

ns 
10% to 90%, son to vcc-2v 
equivalent load, 5 pf cap 

U.l.pp STM-1: F 3=65 KHz, F 4=1.3 MHz 
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Recommended Operating Conditions 

Parameter Min Typ Max Unit 

Ambient Temperature under Bias (industrial) -40 +85 oc 
Ambient Temperature under Bias (commercial) 0 +70 oc 
Junction Temperature under Bias ·10 +130 oc 
Voltage on VCC with Respect to GND 3.14 3.3 3.46 v 
Voltage on Any TTL Input Pin 0.0 vcc v 
Voltage on Any PECL Input Pin VCC-2 vcc v 
PECL Output Source Current (50 to Vcc-2V) 14 25 mA 

ICC Supply Current 225 276 mA 

Absolute Maximum Ratings 

Parameter Min Typ Max Unit 

Case Temperature under Bias ·55 +125 oc 
Junction Temperature under Bias ·55 +150 oc 
Storage Temperature ·65 +150 oc 
Voltage on VCC with Respect to GND -0.5 +7.0 v 
Voltage on any TTL Input Pin -0.5 +5.5 v 
Voltage on any PECL Input Pin vcc ·2.0 vcc v 
TTL Output Sink Current 20 mA 

TTL Output Source Current 10 mA • High Speed PECL Output Source Current 50 mA 

Static Discharge Voltage 500 v 
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TTL Input/Output DC Characteristics1 

(T • = -40'C to +85'C, V cc = 3.3 V ±5%) 

Symbol Parameter Test Conditions Min Max Unit 
V1L2 Input LOW Voltage Guaranteed Input LOW Voltage for all inputs 0.8 Volts 

V1H2 Input HIGH Voltage Guaranteed Input HIGH Voltage for all inputs 2.0 Volts 

l1L Input LOW Current Vee= MAX, VIN= 0.5V -400.0 uA 

l1H Input HIGH Current Vee= MAX, V1N = 2.7V 50.0 uA 

11 Input HIGH Current at Max VCC Vee= MAX, V1N = 3.5V 1.0 mA 

1os Output Short Circuit Current Vee= MAX, Vour = o.5V -50.0 -5.0 mA 

VIK Input Clamp Diode Voltage Vee= MIN, l1N = -18.0mA -1.2 Volts 

Vol TTL Output LOW Voltage v cc= MIN, loL = 4mA 0.5 Volts 

VoH TTL Output HIGH Voltage Vee= MIN, loH = -.10mA 2.2 Volts 

2. These input levels provide a zero-noise immunity and should only be tested in a static, noise-free environment. 

PECL Input/Output DC Characteristics1.2 

(T • = -40'C to +85'C, v cc = 3.3V ±5%) 

Symbol Parameter Min 

V1L Input LOW Voltage vcc-2.000 

V1H Input HIGH Voltage Vcc-1.225 

V1L Input LOW Voltage vcc-2.000 

V1H Input HIGH Voltage vcc-1.150 

V1D Input Dill. Voltage 0.200 

l1HD Dill. Input High Current -0.500 

l1LD Dill. Input Low Current -0.500 

ltH Single-ended Input High Current 

l1L Single-ended Input LOW Current 

Vol Output LOW Voltage vcc-2.000 

VoH Output HIGH Voltage Vcc-1.110 

VoD Output Dill. Voltage 0.390 

1. These conditions will be met with no airflow. 

Typ 

0.500 

Max Unit Conditions 

vcc-1.441 Volts Guaranteed Input LOW Voltage 
for single-ended inputs 

Vcc·0.570 Volts Guaranteed Input HIGH Voltage 
for single-ended inputs 

Vcc-0.100 Volts 
Guaranteed Input LOW Voltage 
for differential inputs 

vcc-0.450 Volts 
Guaranteed Input HIGH Voltage 
for differential inputs 

1.400 Volts Differential Input Voltage 

20.000 µA V1D=500mV 

20.000 µA V1D=500mV 

4 mA SD Inputs have internal 1 K to GND 
load resistor. 

4 mA SD Inputs have internal 1 K to GND 
load resistor. 

vcc-1.300 Volts 400 ohm termination to GND 

vcc-o.s10 Volts 400 ohm termination to GND 

1.330 Volts Differential Output Voltage 

2. When not used, lie the positive differential PECL pin to V cc and the negative differential PECL pin to ground via a 3.9K resistor. 

PECL Output Loading 

4000. 
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Recommended Termination of Differential 
PECL Signals 
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Ordering Information 

GRADE PART PACKAGE 
$-commercial/ 3029 A-64 TQFP 

Industrial 

~· \ 
x xxxx x 

Grade Part number Package 

• 
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TARGET 
SPECIFICATION 

This product 1s not released 
and the spec1f1cat1ons herein 
are subiect to change AMCC® 

E4/STM-1/0C-3 ATM TRANSCEIVER WITH TTL REFCLK 53030 

FEATURES 
• Complies with ANSI, Bellcore, and ITU-T 

specifications 
• On-chip high-frequency PLLs for clock 

generation and clock recovery 
• On-chip analog circuitry for transformer 

driver and equalization 
• Supports 139.264 Mbit/s (E4) and 155.52 

Mbit/s (OC-3) transmission rates 
• Supports 139.264 Mbit/s and 155.52 Mbit/s 

Coded Mark Inversion (CMI) interfaces 
• TTL Reference frequencies of 19.44 and 

38.88 MHz (OC-3) or 17.408 and 34.816 
MHz (E4) 

• Interface to both PECL and TTL logic 
• Lock detect on clock recovery function -

monitors runlength and frequency 
• Serial and 4 bit (nibble) system· 
• Low jitter PECL interfac 
• +5v operation 
• Small 80 PQFP packa 
• Supports both electrical an 

APPLICATIONS 
• 
• 

systems 
• OC-3/S 
• OC-3/S' 
• Section r 
• Add drop iplexors 
• Broadband cross-connects 
• Fiber optic terminators 
• Fiber optic test equipment 

Figure 1a. Electrical Interface 

E4/STM-1/0C-3 1391155 Mbls NRZ 

OVERHEAD 
PROCESSOR 

1391155 Mbls NRZ 

[@I 17.408/19.44 Mhz 

Figure 1 b. Optical Interface 

r+I 

l+I 

E4/STM-1/0C-3 ~13""91""155""M""bls=NR.:::z_.,., 
OVERHEAD 

PROCESSOR 
1391155 Mbls NRZ 

OSCl--..__1_7.408/--1-9A-4""Mh~z__, 
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GENERAL DESCRIPTION 
The S3030 transceiver chip is a fully integrated CMI 
encoding transmitter and CMI decoding receiver. The 
chip derives high speed timing and data signals for 
SONET/SDH or PDH-based equipment. The circuit is 
implemented using AMCC's proven Phase Locked Loop 
(PLL) technology. Figure 1a and 1b show typical net
work applications. 

The S3030 has two independent VCOs which are 
synchronized to the local NRZ transmitted data and the 
received CMI data repectively. The chip can be used 
with either .44 MHz or a 38.88 MHz reference clock 
wh in the SONET/SDH 0 mode. In E4 

an be operated · 08 MHz or a 
erence in ng system 

hemes. O rsion (CMI) 
or 139.264 Mbit/s 

nterface for the serial data inputs 
ibble clock interface guarantee com

h the bit-error rate requirenemts of the 
, ANSI, and ITU-T standards. The S3030 is 

packaged in a 0.8mm pitch 80-pin PQFP . 

The S3030 provides the major active components on
chip for a coaxial cable interface, including analog 
transformer driver circuitry and equalization interface 
circuitry. Discrete controls permit separate selection of • 
CMI or NRZ operation and analog (coaxial copper) or 
PECL (optical module) media interfaces. Both line 
loopback and diagnostic local loopback operation are 
supported. 

S3030 
XCVR 

S3030 
XCVR 

1391155 Mbls CMI _f XFMR COAX 
-L 

,1391155MblsCMll XFMR l<COAX 

139/155 Mbls 

139/155 Mbls 
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S3030 OVERVIEW 

The S3030 transceiver can be used to implement the 
front end of STS-3, OC-3 or E4 equipment. The block 
diagram in Figure 9 shows the basic operation of the 
chip. 

When the S3030 is operating in the Nibble parallel 
mode, the transmitter VCO is synchronized to the 38.88 
MHz Nibble clock as both the reference clock and the 
data transfer clock. If the serial input is selected as the 
transmitter data source the VCO will be synchronized 
directly to the incoming data. Serial operation of the 
S3030 transmitter section is possible with either the 
38.88 MHz or 19.44 MHz reference oscillator. In the 
absence of incoming serial data the transmitter section 
will operate as a clock synthesizer. The receiver section 
performs clock recovery by synchronizing its on-chip 
VCO directly to the incoming data stream. 

The S3030 provides a PECL output for an optica 
interface and two transformer driver outpu 
electrical interface. One of these driver · 
output. The S3030 provides a PEC~in 
interface and an analog input forai'iele 
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S3030 TRANSMITTER 
ARCHITECTURE/FUNCTIONAL DESIGN 

S3030 TRANSCEIVER ARCHITECTURE/ 
FUNCTIONAL DESIGN 

Transmitter Operation 

The S3030 chip's transmitter section performs the last 
stages of digital processing of a transmit SONET STS-
3 or ITU-T E4 serial or 4-bit nibble parallel data stream. 

Clock Recovery 

L continues 
to the VCO 

put. The transmitter 
E!!J~block under the follow-

uts contains insufficienttransition 
th greater than 100 to 800 bit times). 

e VCO drifts away from the local reference clock 
by more than 1000 ppm. 

If either XFRMENA or XFRMENB are enabled (logic 
low) the density or frequency error defined above will set 
the appropriate status (XFMST AT A and/or XFMST ATB) 
to the low or fault state. 

The selected drive status bits will return to the high or 
clear state and the PLL will again lock to the data if the 
serial data contains sufficient transition density (less 
than 100 to 800 bit times between rising edges) and the 
serial clock is within 250 ppm of the reference clock 
determined frequency. 
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TARGET 
SPECIFICATION 

AMCC® 
E4/STM-1/0C-3 ATM TRANSCEIVER WITH PECL REFCLK 53031 

FEATURES 
• Complies with ANSI, Bellcore, and ITU-T 

specifications 
• On-chip high-frequency PLLs for clock 

generation and clock recovery 
• On-chip analog circuitry for transformer 

driver and equalization 
• Supports 139.264 Mbit/s (E4) and 155.52 

Mbit/s (OC-3) transmission rates 
• Supports 139.264 Mbit/s and 155.52 Mbit/s 

Coded Mark Inversion (CMI) interfaces 
• PECL Reference frequencies of 19.44 and 

38.88 MHz (OC-3) or 17.408 and 34.816 
MHz (E4) 

• Interface to both PECL and TIL logic 
• Lock detect on clock recovery function -

monitors runlength and frequency 
• Serial and 4 bit (nibble) system· 
• Low jitter PECL interface 
• +5v operation 
• Small 80 PQFP pack 
• Supports both electrical an 

APPLICATIONS 
• 
• 

• 

ATM over SONET/SD 
OC-3/STM-1 or 
systems 
OC-3/ 

• OC-3/S est equipment 
• 
• 
• 
• 
• 

Section rM1 . 
Add drop''niultiplexors 
Broadband cross-connects 
Fiber optic terminators 
Fiber optic test equipment 

Figure 1 a. Electrical Interface 

E4/STM-1/0C-3 
OVERHEAD 

PROCESSOR 

~I 
Figure 1 b. Optical Interface 

1391155 Mb/s NAZ 

1391155 Mb/s NAZ 

17.408/19.44 Mhz 

~I 

1-+I 

E4/STM-1/0C-3 -13..,91 .. 155,..M..,bls..,..NAZ...__, 

OVERHEAD 
PROCESSOR 

1391155 Mb/a NRZ 

osci-----1-1.408/1 ..... _sA-4-~-·--
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GENERAL DESCRIPTION 
The S3031 transceiver chip is a fully integrated CMI 
encoding transmitter and CMI decoding receiver. The 
chip derives high speed timing and data signals for 
SONET/SDH or PDH-based equipment. The circuit is 
implemented using AMCC's proven Phase Locked Loop 
(PLL) technology. Figure 1 a and 1 b show typical net
work applications. 

The S3031 has two independent VCOs which are 
synchronized to the local NRZ transmitted data and the 
received CMI data repectively. The chip can be used 
with either ..44 MHz or a 38.88 MHz reference clock 
whe in the SONET/SDH mode. In E4 

an be operated w· 08 MHz or a 
erence in g system 

hemes. rsion (CMI) 
or 139.264 Mbit/s 

nterface for the serial data inputs 
ibble clock interface guarantee com

th the bit-error rate requirenemts of the 
re, ANSI, and ITU-T standards. The S3031 is 

packaged in a 0.8mm pitch 80-pin PQFP. 

The 53031 provides the major active components on
chip for a coaxial cable interface, including analog 
transformer driver circuitry and equalization interface 
circuitry. Discrete controls permit separate selection of • 
CMI or NRZ operation and analog (coaxial copper) or 
PECL (optical module) media interfaces. Both line 
loopback and diagnostic local loopback operation are 
supported. 

S3031 
XCVR 

S3031 
XCVR 

1391155 Mb/s CMI J XFMR COAX 

-L 

• 1391155 Mb/a CMI I XFMR l.qCOAX 

1391155 Mbls 

1391155 Mbls 
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S3031 OVERVIEW 

The S3031 transceiver can be used to implement the 
front end of STS-3, OC-3 or E4 equipment. The block 
diagram in Figure 9 shows the basic operation of the 
chip. 

When the S3031 is operating in the Nibble parallel 
mode, the transmitter VCO is synchronized to the 38.88 
MHz Nibble clock as both the reference clock and the 
data transfer clock. If the serial input is selected as the 
transmitter data source the VCO will be synchronized 
directly to the incoming data. Serial operation of the 
S3031 transmitter section is possible with either the 
38.88 MHz or 19.44 MHz reference oscillator. In the 
absence of incoming serial data the transmitter section 
will operate as a clock synthesizer. The receiver section 
performs clock recovery by synchronizing its on-chip 
VCO directly to the incoming data stream. 

The S3031 provides a PECL output for an optic 
interface and two transformer driver outp 
electrical interface. One of these driver · 
output. The S3031 provides a PE 
interface and an analog input 
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S3031 TRANSMITTER 
ARCHITECTURE/FUNCTIONAL DESIGN 

S3031 TRANSCEIVER ARCHITECTURE/ 
FUNCTIONAL DESIGN 

Transmitter Operation 

The S3031 chip's transmitter section performs the last 
stages of digital processing of a transmit SONET STS-
3 or ITU-T E4 serial or 4-bit nibble parallel data stream. 

Clock Recovery 

If the serial input data has been selected, and serial data 
is present at the SERDATIP/N inputs, the clock is 
recovered from the serial data stream at 139.264 MHz 
or 155.52 z and synthesized to 278.528 MHz or 
311. NI CMI encode the inco data. 

L continues 
to the VCO 

e transmitter 
ck under the follow-

uts contains insufficient transition 
th greater than 100 to 800 bit times). 

VCO drifts away from the local reference clock 
by more than 1000 ppm. 

If either XFRMENA or XFRMENB are enabled (logic 
low) the density or frequency error defined above will set 
the appropriate status (XFMST AT A and/or XFMST ATB) 
to the low or fault state. 

The selected drive status bits will return to the high or 
clear state and the PLL will again lock to the data if the 
serial data contains sufficient transition density (less 
than 100 to 800 bit times between rising edges) and the 
serial clock is within 250 ppm of the reference clock 
determined frequency. 
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TARGET 
SPECIFICATION 

This product is not released 
and the specifications herein 
are subject to change ~AMCC® 

SONET/SDH/ATM OC-12 TRANSCEIVER W/CDR 53032 

FEATURES 
• Complies with ANSI, Bellcore, and ITU-T 

specifications 
• On-chip high-frequency PLLs for clock 

generation and clock recovery 
• Supports 155.52 MHz (OC-3) and 622.08 

Mbit/s (OC-12) 
• Selectable reference frequencies of 19.44, 

38.88, 51.84 or 77.76 MHz 
• Interface to both LVPECL and TTL logic 
• 8-bit TTL datapath 
• Compact 1 Omm 64 PQFP package 
• Diagnostic loopback mode 
• Lock detect 
• Low jitter L VPECL interface 
• Single 3.3V supply 

APPLICATIONS 
• SONET/SDH-based transmission systems 
• SONET/SDH modules 
• SONET/SDH test equipment 
• ATM over SONET/SDH 
• Section repeaters 
• Add drop multiplexors 
• Broad-band cross-connects 
• Fiber optic terminators 
• Fiber optic test equipment 

Figure 1. System Block Diagram 

Network 
Interface 

Processor 
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GENERAL DESCRIPTION 

The S3032 SONET/SDH transceiver chip is a fully 
integrated serialization/deserialization SONET OC-12 
(622.08 Mbit/s) and OC-3 (155.52 Mbit/s) interface de
vice. The chip performs all necessary serial-to-parallel 
and parallel-to-serial functions in conformance with 
SONET/SDH transmission standards. The device is 
suitable for SONET-based ATM applications. Figure 
1 shows a typical network application. 

On-chip clock synthesis is performed by the high
frequency phase-locked loop on the S3032 
transceiver chip allowing the use of a slower external 
transmit clock reference. Clock recovery is performed 
on the device by synchronizing its on-chip VCO directly 
to the incoming data stream. The S3032 also per
forms S ··· SDH frame detection. The chip can be 

.44, 38.88, 51.84 MHz refer-
support of · m clocking 

. arantees compliance 
rements of the Bellcore, 

dards. The S3032 is packaged in 
P, offering designers a small package 
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$3032 SONET/SDH/ATM OC-12 TRANSCEIVER W/CDR 

Figure 2. 53032 Transceiver Functional Block Diagram S3032 OVERVIEW 
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The 53032 transceiver implements 50NET/5DH se
rialization/deserialization, transmission, and frame 
detection/recovery functions. The block diagram in 
Figure 2 shows basic operation of the chip. This chip 
can be used to implement the front end of 50NET 
equipment, which consists primarily of the serial 
transmit interface and the serial receive interface. 
The chip handles all the functions of these two ele
ments, including parallel-to-serial and serial-to-parallel 
conversion, clock generation and recovery, and sys
tem timing. The system timing circuitry consists of 
management of the datastream, framing, and clock 
distribution throughout the front end. 

The 53032 is divided into a transmitter section and a 
receiver section. The sequence of operations is as 
follows: 

recovery from serial input 
tection 

rial-to-parallel conversion 
-bit parallel output 

Internal clocking and control functions are transpar
ent to the user. 

A lock detect feature is provided on the 53032, 
which indicates that the PLL is locked (synchronized) 
to the incoming data stream, and facilitates continu
ous down-stream clocking in the absence of data. 

Suggested Interface Devices 

PMCPM5312 

PMC PM5355 

STTX SONET/SDH Tranport Term. Transceiver 

SUNl·622 Salum User Network Interface 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



TARGET 
SPECIFICATION I This product is not released 

and the specifications herein 
are subject to change ~AMCC® 

SONET/SDH/ATM OC-12 TRANSCEIVER 53033 

FEATURES 
• Complies with ANSI, Bellcore, and ITU-T 

specifications 
• On-chip high-frequency PLL for clock 

generation 
• Supports 155.52 MHz (OC-3) and 622.08 

Mbit/s (OC-12) 
• Selectable reference frequencies of 19.44, 

38.88, 51.84 or 77.76 MHz 
• Interface to both LVPECL and TTL logic 
• 8-bit TTL datapath 
• Compact 1 Omm 64 PQFP package 
• Diagnostic loopback mode 
• Low jitter L VPECL interface 
• Single 3.3V supply 

APPLICATIONS 
• SONET/SDH-based transmission systems 
• SONET/SDH modules 
• SONET/SDH test equipment 
• ATM over 80NET/8DH 
• Section repeaters 
• Add drop multiplexors 
• Broad-band cross-connect 
• Fiber optic terminators 
• Fiber optic test equipment 

Figure 1. System Block Diagram 
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Applied Micro Circuits Corporation 
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GENERAL DESCRIPTION 

The 83033 SONET/8DH transceiver chip is a fully 
integrated serialization/deserialization 80NET OC-12 
(622.08 Mbit/s) and OC-3 (155.52 Mbit/s) interface de
vice. The chip performs all necessary serial-to-parallel 
and parallel-to-serial functions in conformance with 
SONET/SDH transmission standards. The device is 
suitable for SONET-based ATM applications. Figure 1 
shows a typical network application. 

On-chip clock synthesis is performed by the high
f req u ency phase-locked loop on the S3033 
transceiver chip allowing the use of a slower external 
transmit clock reference. The 83033 performs 
SONET/SDH frame detection. The chip can be used 
with a 19.44 38.88, 51.84 or 77. 76 MHz reference 

pport of existing system clocking 

compliance 
e Bellcore, 

3033 is packaged in 
esigners a small package 
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AMCC 
53033 SONET/SDH/ATM OC-12 TRANSCEIVER 

Figure~- 53033 Transceiver Functional Block Diagram $3033 OVERVIEW 
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The 83033 transceiver implements 80NET/8DH se
rialization/deserialization, transmission, and frame 
detection/recovery functions. The block diagram in 
Figure 2 shows basic operation of the chip. This chip 
can be used to implement the front end of 80NET 
equipment, which consists primarily of the serial 
transmit interface and the serial receive interface. 
The chip handles all the functions of these two ele
ments, including parallel-to-serial and serial-to-parallel 
conversion, clock generation, and system timing. 
The system timing circuitry consists of management 
of the datastream, framing, and clock distribution 
throughout the front end. 

The 83033 is divided into a transmitter section and a 
receiver section. The sequence of operations is as 
follows: 

Tran~rrittlb~ pperations: 
it pa{allel input 

tallel-to-seriat.co 

ns: ,: 

etectibn 
n "Pl:irallel conversion 
it parallel output 

Internal clocking and control functions are transpar
ent to the user. 

Suggested Interface Devices 

PMCPM5312 

PMCPM5355 

STTX SONET/SDH Tranport Term. Transceiver 

SUNl-622 Salum User Network Interface 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



TARGET 
SPECIFICATION IAMCC" This product 1s not released 

and the spec1ficat1ons herein 
are subject to change. 

SONET/SDH CLOCK RECOVERY UNIT 53040 

FEATURES 

• 
• 

• 

• 

• 
• 

• 
• 

Micro-power Bipolar technology 
Complies with ANSI, Bellcore, and ITU-T 
specifications for jitter tolerance, jitter 
transfer and jitter generation 

On-chip high frequency PLL with internal 
loop filter for clock recovery 

Supports clock recovery for OC-48/STM-16 
(2488.32 MbiVs) NRZ data 

155 MHz reference frequency 

Lock detect-monitors run length and 
frequency 

Low-jitter PECL interface 

5V supply 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

GENERAL DESCRIPTION 

The function of the S3040 clock recovery unit is to 
derive high speed timing signals for SONET/SDH
based equipment. The S3040 is implemented using 
AMCC's proven Phase Locked Loop (PLL) technology. 

The S3040 receives an OC-48/STM-16 scrambled 
NRZ signal and recovers the clock from the data. The 
chip outputs a differential PECL bit clock and retimed 
data. 

r converts 
th DC voltage, 

he VCO whose fre
oltage. A block diagram is 

7-157 
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AMCC 
53040 SONET/SDH CLOCK RECOVERY UNIT 

53040 OVERVIEW 

The S3040 supports clock recovery for the OC-48/ 
STM-16 data rate. Differential serial data is input to 
the chip at the specified rate and clock recovery is 
performed on the incoming data stream. An external 
crystal is required to minimize the PLL lock time and 
provide a stable output clock source in the absence of 
serial input data. Retimed data and clock are output 
from the S3040. 

Figure 2. Functional Block Diagram 
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TARGET 
SPECIFICATION 

This product is not released 
and the specifications herein 
are subject to change AMCC® 

SONET/SDH/ATM OC-48 8:1 TRANSMITTER $3041 

FEATURES 
• Micro-power Bipolar technology 
• Complies with ANSI, Bellcore, and ITU-T 

specifications 
• On-chip high-frequency PLL for clock generation 
• Supports 2.4 GHz (OC-48) 
• Reference frequency of 155.52 MHz 
• Interface to both PECL and TTL logic 
• 8-bit PECL data path 
• Compact 64 PQFP package 
• Diagnostic loopback mode 
• Line loopback 
• Lock detect 
• Low jitter PECL interface 
• Single 3.3V supply 

APPLICATIONS 
• SONET/SDH-based transmission systems 
• SONET/SDH modules 
• SONET/SDH test equipment 
• ATM over SONET/SDH 
• Section repeaters 
• Add drop multiplexors 
• Broad-band cross-connects 
• Fiber optic terminators 
• Fiber optic test equipment 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

GENERAL DESCRIPTION 

The S3041 SONET/SDH Mux chip is a fully integrated 
serialization SONET OC-48 (2.4 GHz) interface device. 
The chip performs all necessary parallel-to-serial func
tions in conformance with SONET/SDH transmission 
standards. The device is suitable for SONET-based 
ATM applications. Figure 1 shows a typical network 
application. 

On-chip clock synthesis PLL components are con
tained in the S3041 Mux chip allowing the use of a 
slower external transmit clock reference. The chip 
can be used with a 155.52 MHz reference clock, in 
support of existing system clocking schemes. 

The low jitter PECL interface guarantees compliance 
with the bit or rate requirements of the Bellcore, 
ANSI T standards. The S30 is packaged 

, offering design all package 
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AMCC 
53041 SONET/SDH/ATM OC-48 8:1 TRANSMITTER 

$3041 OVERVIEW 

The 83041 Mux implements SONET/SDH serializa
tion and transmission functions. The block diagram 
in Figure 2 shows basic operation of the chip. This 
chip can be used to implement the front end of 
SONET equipment, which consists primarily of the 
serial transmit interface and the serial receive inter
face. The chip includes parallel-to-serial conversion 
and system timing. The system timing circuitry con
sists of a high-speed phase detector, clock dividers, 
and clock distribution throughout the front end. 

Figure 2. 53041 Functional Block Diagram 

The sequence of operations is as follows: 

Transmitter Operations: 
1. 8-bit parallel input 
2. Parallel-to-serial conversion 
3. Serial output 

Internal clocking and control functions are transpar
ent to the user. 

Suggested Interface Devices 
AMCC 83040 OC-48 Clock Recovery Device 

AMCC 83045 OC-48 to OC-12 Demux 
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TARGET 
SPECIFICATION 

This product is not released 
and the specifications herein 
are subject to change ~ AMCC® 

SONET/SDH/ATM OC-48 1 :8 DEMUX 53042 

FEATURES 
• Micro-power Bipolar technology 
• Complies with ANSI, Bellcore, and ITU-T 

specifications 
• Supports 2.4 GHz (OC-48) 
• Interface to both PECL and TTL logic 
• 8-bit PECL data path 
• Compact 52 PQFP package 
• Diagnostic loopback mode 
• Line loopback 
• Signal detect input 
• Low jitter PECL interface 
• Single 3.3V supply 

APPLICATIONS 
• SONET/SDH-based transmission systems 
• SONET/SDH modules 
• SONET/SDH test equipment 
• ATM over SONET/SDH 
• Section repeaters 
• Add drop multiplexors 
• Broad-band cross-connec 
• Fiber optic terminators 
• Fiber optic test equipment 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

GENERAL DESCRIPTION 

The S3042 SONET/SDH Demux chip is a fully inte
grated deserialization SONET OC-48 (2.4 GHz) inter
face device. The chip performs all necessary 
serial-to-parallel and framing functions in conform
ance with SONET/SDH transmission standards. The 
device is suitable for SONET-based ATM applica
tions. Figure 1 shows a typical network application. 

The low jitter PECL interface guarantees compliance 
with the bit-error rate requirements of the Bellcore, 
ANSI, and ITU-T standards. The S3042 is packaged 
in a 52 PQFP, offering designers a small package 
outline. 
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AMCC 
53042 $0NET/SDH/ATM OC-48 1 :8 DEMUX 

$3042 OVERVIEW 

The S3042 Demux implements SONET/SDH 
deserialization and frame detection functions. The 
block diagram in Figure 2 shows basic operation of 
the chip. This chip can be used to implement the 
front end of SONET equipment, which consists pri
marily of the serial transmit interface and the serial 
receive interface. The chip includes serial-to-parallel 
conversion and system timing. The system timing 
circuitry consists of management of the datastream, 
framing, and clock distribution throughout the front end. 

Figure 2. 53042 Functional Block Diagram 
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The sequence of operations of the S3042 is as follows: 

Receiver Operations: 

1 . Serial input 
2. Frame detection 
3. Serial-to-parallel conversion 
4. 8-bit parallel output 

Internal clocking and control functions are transpar
ent to the user. 

Suggested Interface Devices 
AMCC S3040 Clock Recovery Device 

AMCC 53045 OC-48 to OC-12 Demux 

AMCC 53041 OC-48 Transmitter 
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TARGET 
SPECIFICATION 

This product is not released 
and the specifications herein 
are subject to change IAMCC® 

SONET/SDH/ATM OC-48 16:1 TRANSMITTER 53043 

FEATURES 
• Micro-power Bipolar supply 
• Complies with ANSI, Bellcore, and ITU-T 

specifications 
• On-chip high-frequency PLL for clock 

generation 
• Supports 2.4 GHz (OC-48) 
• Reference frequency of 155.52 MHz 
• Interface to both PECL and TTL logic 
• 16-bit PECL data path 
• Compact 80 PQFP package 
• Diagnostic loopback mode 
• Line loopback 
• Lock detect 
• Low jitter PECL interface 
• Single 3.3V supply 

APPLICATIONS 
• SONET/SDH-based transmission systems 
• SONET/SDH modules 
• SONET/SDH test equipment 
• ATM over SONET/SDH 
• Section repeaters 
• Add drop multiplexors 
• Broad-band cross-connects 
• Fiber optic terminators 
• Fiber optic test equipme 
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Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

GENERAL DESCRIPTION 

The S3043 SONET/SDH Mux chip is a fully integrated 
serialization SONET OC-48 (2.4 GHz) interface device. 
The chip performs all necessary parallel-to-serial func
tions in conformance with SONET/SDH transmission 
standards. The device is suitable for SONET-based 
ATM applications. Figure 1 shows a typical network 
application. 

On-chip clock synthesis PLL components are con
tained in the S3043 Mux chip allowing the use of a 
slower external transmit clock reference. The chip 
can be used with a 155.52 MHz reference clock, in 
support of existing system clocking schemes. 

The low jitter PECL interface guarantees compliance 
with the bit- or rate requirements of the Bellcore, 
ANSI -T standards. The S30 is packaged 

, offering design<:) II package 
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AMCC 
53043 SONET/SDH/ATM OC-48 16:1 TRANSMITTER 

$3043 OVERVIEW 

The 83043 Mux implements SONET/SDH serializa
tion and transmission functions. The block diagram 
in Figure 2 shows basic operation of the chip. This 
chip can be used to implement the front end of 
SONET equipment, which consists primarily of the 
serial transmit interface and the serial receive inter
face. The chip includes parallel-to-serial conversion 
and system timing. The system timing circuitry con
sists of a high-speed phase detector, clock dividers, 
and clock distribution throughout the front end. 

Figure 2. 53043 Functional Block Diagram 

The sequence of operations is as follows: 

Transmitter Operations: 
1. 16-bit parallel input 
2. Parallel-to-serial conversion 
3. Serial output 

Internal clocking and control functions are transpar
ent to the user. 

Suggested Interface Devices 
AMCC $3040 OC-48 Clock Recovery Device J 
AMCC $3045 OC-48 to OC-12 Demux 
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TARGET 
SPECIFICATION 

This product is not released 
and the specifications herein 
are subject to change I AMCC® 

SONET/SDH/ATM OC-48 1 :16 DEMUX 83044 

FEATURES 
• Micro-power Bipolar technology 
• Complies with ANSI, Bellcore, and ITU-T 

specifications 
• Supports 2.4 GHz (OC-48) 
• Interface to both PECL and TTL logic 
• 16-bit PECL data path 
• Compact 80 PQFP package 
• Diagnostic loopback mode 
• Line loopback 
• Signal detect input 
• Low jitter PECL interface 
• Single 3.3V supply 

APPLICATIONS 
• SONET/SDH-based transmission systems 
• SONET/SDH modules 
• SONET/SDH test equipment 
• ATM over SONET/SDH 
• Section repeaters 
• Add drop multiplexors 
• Broad-band cross-conne 
• Fiber optic terminators 
• Fiber optic test equipment 
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Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

GENERAL DESCRIPTION 

The S3044 SONET/SDH Demux chip is a fully inte
grated deserialization SONET OC-48 (2.4 GHz) inter
face device. The chip performs all necessary 
serial-to-parallel and framing functions in conform
ance with SONET/SDH transmission standards. The 
device is suitable for SONET-based ATM applica
tions. Figure 1 shows a typical network application. 

The low jitter PECL interface guarantees compliance 
with the bit-error rate requirements of the Bellcore, 
ANSI, and ITU-T standards. The S3044 is packaged 
in a 80 PQFP, offering designers a small package 
outline. 

83040 
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AMCC 
53044 SONET/SDH/ATM OC-481:16 DEMUX 

$3044 OVERVIEW 

The S3044 Demux implements SONET/SDH 
deserialization and frame detection functions. The 
block diagram in Figure 2 shows basic operation of 
the chip. This chip can be used to implement the 
front end of SONET equipment, which consists pri
marily of the serial transmit interface and the serial 
receive interface. The chip includes serial-to-parallel 
conversion and system timing. The system timing 
circuitry consists of management of the datastream, 
framing, and clock distribution throughout the front end. 

Figure 2. 53044 Functional Block Diagram 
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The sequence of operations of the 83044 is as follows: 

Receiver Operations: 

1. Serial input 
2. Frame detection 
3. Serial-to-parallel conversion 
4. 16-bit parallel output 

Internal clocking and control functions are transpar
ent to the user. 

Suggested Interface Devices 
AMCC 53040 Clock Recovery Device 

AMCC 53045 OC-48 to OC-12 Demux 
AMCC 53043 OC-48 Transmitter 
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TARGET 
SPECIFICATION 

This product is not released 
and the specifications herein 
are subject to change ~AMCC® 

SONET/SDH OC-48 TO OC-12 DEMULTIPLEXER S3045 

FEATURES 
• Micro-power Bipolar technology 
• Complies with ANSI, Bellcore and ITU-T specifi-

cations 

• Supports OC-48 to OC-12 Mux/Demux functions 

• 8 bit PECL data path for OC-48 data 
• 8 bit TIL data path for each OC-12 data stream 

• Compatible with AMCC S304Y Mux/Demux chip 
• Compatible with PMC SUNl-622 User Network 

Interface device 
• Inserts and compares Byte Interleaved Parity 

• Performs Frame synchronous scrambling and 
descrambling 

• Provides synchronization signal to OC-12 
Network Interface Processor 

• Single 3.3V supply 

Applied Micro Ciratlts Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

GENERAL DESCRIPTION 

The S3045 SONET/SDH byte interleave chip is a fully 
integrated STM-4/STS-12 to STM-16/STS-48 Mux/ 
Demux device. The chip performs all necessary byte 
interleave functions for multiplexing of four STM-4/ 
STS-12 data streams into a single STM-16/STS-48 
data stream. The chip functions in conformance with 
SONET/SDH transmission standards and is suitable 
for SONET-based ATM applications. Figure 1 shows 
a typical network application. 

Byte Interleave parity is calculated and inserted for 
the transmit path and calculated/compared for the 
receive path. Frame synchronous scrambling and 
descrambling is performed and an STS-12 framing 
signal is provided to allow synchronization of the 
transmit 2 data streams. 
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AMCC TARGET 
SPECIFICATION 

S3045 SONET/SDH OC-48 TO OC-12 DEMULTIPLEXER 

$3045 OVERVIEW 

The 53045 byte interleave chip implements SONET/ 
SDH byte interleave functions required to multiplex 
four STS-12 data streams into a single STS-48 data 
stream. Each of the four STS-12 transmit/receive 
data streams is uses an 8 bit parallel TTL interface 
to maintain compatibility with industry standard net
work interface processors. The STS-48 data stream 
uses an 8 bit parallel data path to be compatible with 
the S304Y Mux/Demux chip. The block diagram in 
Figure 2 shows basic operation of the chip. This chip 
can be used with the S304X and S304Y to imple
ment the front end of SONET equipment. The chip 
includes byte interleave circuitry along with 81 calcu
lation and verification circuitry. 

:,:.:::,:.:::·::.::1=1::'1',;,_::::: 

Figure 2. Functional Block DiaJ~lm 

The 53045 is divided into a transmitter section and a 
receiver section. The sequence of operation is as 
follows: 

Transmitter Operations: 

1. 32 bit parallel input 
2. Byte interleave conversion 
3. 81 calculation 
4. Frame synchronous scrambling 
5. 32 bit to 8 bit mux. 
6. STS-48 compatible 8 bit wide output. 

Receiver Operations: 

1. STS-48 compatible 8 bit wide input. 
2. 8 bit to 32 bit demux. 
3. 81 calculation/compare 
4. Frame synchronous descrambling 
5. 81 calculation/compare 
6. 32 bit p allel output. 
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DEVICE SPECIFICATION AMCC® 
16 x 16 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH S2016 

FEATURES 

• 16 x 16 differential crosspoint switch 
• Full broadcast switching capability 
• Differential 1 OK PECL data path 
• Configurable differential output driver enables 
• Up to 1.5 Gbit/s NRZ data rate 
• TTL configuration controls 
• Reconfigurable without disturbing operation 
• 120-pin TEP package 
• +5V only power supply 

APPLICATIONS 

• Internet switches 
• Digital video 
• Digital demultiplexing 
• Microwave or fiber-optic data distribution 
• High-speed automatic test equipment 
• Datacom or telecom switching 

Figure 1. Functional Block Diagram 
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GENERAL DESCRIPTION 

The 52016 is a very high-speed 16 x 16 differential 
crosspoint switch with full broadcast capability. Any of its 
16 differential PECL input signal pairs can be connected 
to any or all of its 16 differential PECL output signal pairs. 

The differential 1 OK PECL logic data path makes the 
part ideal for high-speed applications. The differential 
nature of the data path is retained throughout the 
crosspoint structure, to minimize data distortion and to 
handle NRZ data rates up to 1.5 gigabits per second. 

TTL configuration controls simplify interfacing to slower 
speed circuitry. Once a new configuration has been en
tered into the configuration register file, the S2016can be 
completely reconfigured by pulsing the CONFIGN input. 
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AMCC 
S2016 16 x 16 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH 

' 

DATA TRANSFER 

For each configured connection between a differential 
input pair and an enabled output pair, any data appear
ing at the input pair will be passed immediately through 
to the output pair. 

RECONFIGURATION 

The 82016 can be selectively reconfigured one output 
pair at a time, or any number of output pairs can be 
reconfigured simultaneously. Configuration data is 
stored in 16 registers, one register for each output pair. 
As shown in Figure 1 , the configuration data is passed 
in parallel from all 16 registers to a latch which holds the 
active switch configuration. This two-stage arrange
ment allows one or more output pairs to be reconfigured 
simultaneously. 

To connect an output pair to a given input pair, the 
output pair to be reconfigured is selected using the 
OADDR0-3 (OADDR3=M8B) inputs. With the output 
pair configuration register selected, the desired input 
pair selection is provided on the IADDR0-3 
(IADDR3=MSB) inputs. The IADDR0-3 information will 
be stored into the selected output pair configuration 
register by the LOADN strobe. 

Figure 2. Data Transfer Waveforms 

DIN0-15PIN 

DOUT0-15 PIN 

CONFIGN 

IL.ODO 

LOADN 

8-4 

When the differential switch is to be reconfigured, the 
82016 minimizes the time required through the use of 
an active configuration latch. While the switch is opera
tional, and prior to the time at which it must be 
reconfigured, a new configuration can be loaded into 
the output pair configuration registers. Once the 16 
output pair configuration registers contain the desired 
connection and output pair driver enable information, 
the contents of the registers are transferred in parallel 
to the active configuration latch by the CONFIGN strobe. 
This allows multiple connections to be simultaneously 
changed. 

The configuration latch can be made transparent by 
driving the CONFIGN input to a logic 0. When this is 
done, changes strobed into the output pair configura
tion registers by the LOADN input pair will be passed 
immediately to the switch. 

Figure 3. Reconfiguration Waveforms 

OADDR0-3 VALID 

IADDRO-S VALID 

tsUIA IHIA 
LDMPW 

LOADN 

tsULC 

CONFIGN 
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AMCC 
16 x 16 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH S2016 

Table 1. Data Transfer Timing' 

Symbol Description Min. Max. Units 

tDIDO Propagation delay from DIN0-15 P/N to DOUT0-15 PIN 3 ns 

tCFDO Propagation delay from falling edge of CONFIGN to 
DOUT0-15 P/N valid 

6 ns 

1LDDO Propagation delay from falling edge of LOADN to 
DOUT0-15 P/N valid (When CONFIGN is held low) 

7 ns 

DIMPW Pulse width of DIN0-15 P/N 0.650 ns 

FMAX Data rate 1500 Mbit/s 

Table 2. Reconfiguration Timing2 

Symbol Description Min. Max. Units 

tSUOA Setup time of OADDR0-3 before falling edge of LOADN 2000 ps 

tHOA Hold time of OADDR0-3 after rising edge of LOADN 500 ps 

tSUIA Setup time of IADDR0-3 before falling edge of LOADN 1000 ps 

tHIA Hold time of IADDR0-3 after rising edge of LOADN 1500 ps 

tSULC Setu8 time of LOADN to CONFIGN so that the falling edge 
of C NFIGN will start reconfiguration 0 ps 

LDMPW Pulse width low of LOADN 4200 ps 

CFMPW Pulse width low of CONFIGN 4200 ps 

1. All timing measured from the V cc -1.3V point on the signals. 
2. All timing measured from the 1.5V point on the signals. • 

Applied Micro Circuits Corporation 
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AMCC 
S2016 16 x 16 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH 

52016 Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin# 

DIN15P Diff. I 115 
DIN14P PECL 36 
DIN13P 111 
DIN12P 40 
DIN11 P 109 
DIN10P 42 
DIN9P 107 
DIN8P 44 
DIN7P 103 
DIN6P 48 
DIN5P 101 
DIN4P 50 
DIN3P 99 
DIN2P 52 
DIN1P 95 
DINOP 56 
DIN15N 116 
DIN14N 35 
DIN13N 112 
DIN12N 39 
DIN11N 110 
DIN10N 41 
DIN9N 108 
DIN8N 43 
DIN7N 104 
DIN6N 47 
DIN5N 102 
DIN4N 49 
DIN3N 100 
DIN2N 51 
DIN1N 96 
DINON 55 

OADDR3 TTL I 64 
OADDR2 57 
OADDR1 34 
OADDRO 27 

IADDR3 TTL I 86 
IADDR2 94 
IADDR1 117 
IADDRO 5 

LOADN TTL I 46 

CONFIGN TTL I 105 

8-6 

Description 

Input data. Differential. Can be used as single-ended inputs 
with VBB tied to one side of each differential input pair. 

Output address, active High. Used to select an output 
configuration register in the configuration register file. 

Input address, active High. IADDR3-0 selects the input pair to 
connect to the output pair selected by OADDR3-0. 

Load strobe, active Low. When low, stores the configuration 
data on IADDR0-3 into the configuration register file. 

Configuration strobe, active Low. When low, parallel loads the 
contents of the configuration register file into the active 
configuration latch. 

Applied Micro Circuits Corporation 
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AMCC 
16 x 16 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH S2016 

52016 Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 Pin # Description 

DOUT15P Diff. 0 26 Output data. Differential. 
DOUT14P PECL 22 
DOUT13P 20 
DOUT12P 18 
DOUT11P 15 
DOUT10P 13 
DOUT9P 11 
DOUT8P 7 
DOUT7P 65 
DOUT6P 69 
DOUT5P 71 
DOUT4P 73 
DOUT3P 76 
DOUT2P 78 
DOUT1P 80 
DOUTOP 84 
DOUT15N 25 
DOUT14N 21 
DOUT13N 19 
DOUT12N 17 
DOUT11N 14 
DOUT10N 12 
DOUT9N 10 
DOUT8N 6 
DOUT7N 66 
DOUT6N 70 
DOUT5N 72 
DOUT4N 74 
DOUT3N 77 
DOUT2N 79 
DOUT1N 81 
DOUTON 85 

vcc +5V - 4, 16, 28, Core Power Supply 
33, 45, • 58, 63, 
75, 87, 

93, 106, 
118 

TTLGND GND - 3, 29, 62, TTL Ground 
88 

ECLVCC +5V - 8, 24, 37, ECL 1/0 Power Supply 
54, 67, 
83, 97, 

114 

TTLVCC +5V - 32, 59, TTL Power Supply 
92, 119 

Applied Micro Circuits Corporation 
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AMCC 
S2016 16x161.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH 

52016 Pin Assignment and Descriptions (Continued) 

Pin Name Level VO Pin # Description 

GND GND - 9, 23, 38, Core Ground 
53, 68, 
82, 98, 

113 

NC - - 1, 2, 30, No Connection 
31, 60, 
61, 63, 
89, 90, 
91, 120 

8-8 
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AMCC 
16 x 161.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH S2016 

Figure 4. 120-Pin TEP Package 

~-~-~ 
60 

SYMBOL MIN MAX 

A - 4.07 

A1 0.25 -

('·JGmiirniiii=====mmrnmih.. )· .... / -----

A2 3.39 3.59 

8 0.35 BSC 

c - 0.17 
See Detail A D1 27.90 28.10 

Detail A 

C~/·········,,.A 
l . .,.., . ' r .. , ~- __ ... / Seating Plane 

A1 
L 

Dimensions are nominal in millimeters. 

E1 27.90 28.10 

e 0.80 BSC 

D 30.95 31.45 

E 30.95 31.45 

L 0.78 .103 • 
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AMCC 
S2016 16 x 16 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH 

Figure 5. Heatsink DW0045-10 

,......,......._ ......... 

// '\\ 
-¢-

\\ II ,, // --

.420:1:.010 

l J_ cz::z::::2=r. 
I L.71.002 I j ~ .................. :<--"~ 

.040 :t .010 

NOTES: 
1. MATERIAL: Al ALLOY 202-4-T-4 

COUNTERSINK 
.060 t,IAX DIA X 
.050 MAX DEPTH 

2. FINISH: CLEAR ANODIZE, HOT WATER SEALED PER MIL-A-8625C, 
TYPE II, CLASS 1. 

Dimensions are nominal in inches. 
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AMCC 
16 x 16 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH S2016 

Table 3. Absolute Maximum Ratings 

Supply Voltage V cc 7.0V 

PECL Input Voltage Vcc-2.5V to Vee 

PECL Output Source Current (continuous) -50mADC 

TTL Input Voltage 5.5V 

Operating Junction Temperature T1 +150°C 

Storage Temperature -65°C to + 150°C 

Table 4. Recommended Operating Conditions 

Parameter Min Norn Max Units 

Supply Voltage Vee 4.75 5.0 5.25 v 
Ambient Temperature 0 70 oc 
Junction Temperature 130 oc 
Ice 750 1002 mA 

Table 5. Differential PECL Input/Output DC Characteristics, Vee= 5.0V 

Symbol 
Tambient 

Unit 
0°C 25°C 10°c 

VoHmax1 Vee -815 vee-775 Vee-695 rnV 

V1Hrnax Vee-120 Vee-680 Vee-600 rnV 

VoHrnin1 Vee-1095 Vee-1015 Vee -1015 rnV 

V1ornin2 250 250 250 rnV 

V1Lrnin vee-2000 Vee-2000 Vee-2000 rnV 

VoLrnax1 Vee -1445 Vee -1425 Vee -1365 rnV 

VoLmin1 Vee -1900 Vee-1885 Vee -1860 rnV 

Voo2 500 500 500 mV 

l1Hrnax 20 20 20 µA • l1Lrnax -.5 -.5 -.5 µA 

Table 6. TTL Input DC Characteristics 

Commercial 0° to 70°C 
Symbol Parameter Conditions Min Typ3 Max Unit 

V1H4 Input HIGH Voltage Guaranteed Input HIGH Voltage 
for all input pairs 2.0 v 

V1L4 Input LOW Voltage Guaranteed Input LOW Voltage 
for all input pairs 

0.8 v 

V1K Input Clamp Diode 
Voltage 

Vee= MIN, l1N = -13 mA -0.8 -1.2 v 

l1H Input HIGH Current Vee= MAX, V1N = 2.7V 5 µA 

11 input HIGH Current at Vee= MAX, V1N =Vee+ 0.3V 1 mA 
Max. 

l1L Input LOW Current Vee= MAX,V1N = 0.5V -0.4 mA 

1. All outputs are loaded with son to v cc - 2V. 
2. V1o and Voo represent differential voltage swing specifications. 
3. Typical limits are at 25°C, Vee= 5.0V. 
4. These input levels provide a zero noise immunity and should only be tested in a static, noise-free environment. 

Applied Micro Circuits Corporation 
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AMCC 
S2016 16 x 161.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH 

8-12 

Thermal Management 

eJa Still Air Max Still Alr1 Required Air2 
Maximum VEE w/DW0045-10 w/DW0045-10 w/DW0045-10 

Supply Power Heatsink Heatsink Heatsink 

5.25V 5.3W 1a.o·ctw 35·c 100 LFPM 

Notes: 1. Max ambient temperature permitted In still air to maintain TJ ,; 130'C. 
2. Airflow required in 70'C ambient conditions to maintain TJ ,; 130'C. 

Ordering Information 

16 x16 Differential 
Grade Crosspoint Switch Package 

S-Commercial 2016 A - 120 TEP lead formed 
with Heatsink unattached 

x xxxx x 
Grade Part Number Package 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA92121 • (619) 450-9333 



DEVICE SPECIFICATION 
AMCC® 

"CROSSBOW" 32 X 32 800 MBIT/S CROSSPOINT SWITCH S2024 

FEATURES 
• Full broadcast switching capability 
• 32 x 32 crosspoint structure, expandable to 64 x 

64 with no external components 
• ECL 1 OK data path and TTL 1/0 for configuration 

control provide high speed with easy interfacing to 
slower-speed circuitry 

• Up to 800 MbiVs NRZ data rate in transparent 
mode, 400-MbiVs operation in synchronous mode 

• 196-pin LDCC package 
• Reconfigurable without disturbing operation 
• Differential or single-ended clocking 

APPLICATIONS 
• Internet switches 
• Digital video 
• Digital demultiplexing 
• Microwave or fiber-optic data distribution 
• High-speed automatic test equipment 
• Datacom or telecom switching 

Figure 1. Functional Block Diagram 

32 

XDIN0-31 
-+-------, 

DIN0-31 

MDCLK 

MDCLKN 

VBB1 .__ 

CNFGSTB----~ 

OUTADD0-4 

OAEN 

0 

g 

GENERAL DESCRIPTION 

The S2024 "Crossbow" is a high-speed 32 x 32 
crosspoint switch with full broadcast capability-any of 
its 32 inputs can be connected independently to any or 
all of its 32 outputs. In addition, the S2024 can be 
expanded, through use of its expansion data inputs 
{XDINO-XDIN31 ), to a 64 x 64 crosspoint switch with 
no external components. Further expansion is possible 
with external addressing logic. 

Two operating modes-synchronous {400 MbiVs) and 
transparent (800 MbiVs)-provide maximum flexibility 
across a range of applications. The 1 OK ECL logic data 
path makes the part ideal for high-speed applications, 
while the S2024's TTL addressing and control simplify 
interfacing to slower-speed circuitry. The switch can be 
completely reconfigured in only 4 ns without disturbing 
switch operations. 

32x32 
CROSSPOINT 

32 

DOUT0-31 

192 

CONFIGURATION 
LATCH 

192 

32X6 
REGISTER 

FILE 

SDCLK 

SDCLKN 

__. VBB2 

CNFGCLK -------~ CLK RST ...---- RESET 
DATA 

6 

INADD0-5 
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AMCC 
S2024 "CROSSBOW" 32 X 32 800 MBIT/S CROSSPOINT SWITCH 

OPERATING MODES 

SYNCHRONOUS MODE 

In synchronous mode, two clock signals, MDCLK for 
data input and SDCLK for data output, provide the latch 
enable strobes to allow the input data and output data 
to be stored in 32-bit latches. The 52024 is capable of 
400-MbiVs operation in this mode. The data is latched 
on the falling edge of SDCLK and MDCLK. 

Inputs MDCLK/MDCLKN and SDCLK/SDCLKN can be 
used as true differentials or as single-ended clocking 
signals. Onboard voltage reference outputs VBB1 and 
VBB2 allow single-ended clocking capability when con
figured as shown in Figure 6. 

TRANSPARENT MODE 

In transparent, or asynchronous, mode, any data ap
pearing at the input will be passed immediately through 
to its designated output. Transparent transfer of data 
through the latches takes place when both MDCLK and 
SDCLK clock inputs are held high. In this mode the 
52024 is capable of up to a 800 MbiVs NAZ data rate. 

RECONFIGURATION MODE 

The 52024 can be selectively reconfigured one output 
at a time, or any number of outputs can be reconfigured 
simultaneously. Configuration data is stored in 32 registers, 
one register for each output data pin. The 6-bit content 
of each register selects the input data pin which is to be 
connected to that output data pin. To connect an output 
to a given input, the output to reconfigure is selected 
using OUT ADD0-4 and OAEN to enable the appropriate 
output configuration register. With the output configura
tion register selected, the desired input pin connection 
is provided on INADD0-5. The input pin selection on 
INADD0-5 will be stored into the selected output con
figuration register on the rising edge of CNFGCLK. 

When the switch is to be reconfigured, the 52024 mini
mizes the time required through the use of an additional 
configuration latch. While the switch is operational (and 
prior to the time at which it must be reconfigured) a new 
set of input addresses can be loaded into the register 
file. When all registers have been updated, the contents 
of the registers are parallel-transferred to the configura
tion latch, when CNFGSTB goes high. This process 
allows a switch reconfiguration in just 4 ns. 

8-14 

Figure 2. Synchronous Mode 

DIN0-31 

MDCLK/N 

SDCLK/N 

XDIN0-31 

DOUT0-31 

Figure 3. Transparent Mode 

DIN0-31 

DOUT0-31 

XIN0-31 

Figure 4. Reconfiguration Mode 
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AMCC 
"CROSSBOW" 32 X 32 800 MBIT/S CROSSPOINT SWITCH S2024 

Synchronous Mode Timing Table 
SYMBOL DESCRIPTION S2024B-8 S2024B-6 

COMMERCIAL MILITARY COMMERCIAL MILITARY UNITS 

Min Max Min Max Min Max Min Max 

lsuDI Setup time of DIN0-31 before falling edge of MDCLK/N 980 1160 980 1160 ps 

IH01 Hold time of DIN0-31 after falling edge of MDCLK/N no 1220 no 1220 ps 

lovRL Overlap when MDCLK/N and SDCLK/N are high 1760 1860 1760 1860 ps 

tsuxo1 Setup time of XDIN0-31 before falling edge of SDCLK/N 1040 1160 1040 1160 ps 

lttxo1 Hold time of DIN0-31 after falling edge of SDCLK/N 680 1400 680 1400 ps 

lscKOO Propagation delay from rising edge of SDCLK/N to DOUT0-31 2210 3400 2770 4250 ps 

MCMPWH Pulse width high of MDCLK/N or SDCLK/N 630 630 790 790 ps 

MCMPWL Pulse width low of MDCLK/N or SDCLK/N 370 370 460 460 ps 

Skew Output Skew 500 500 500 500 ps 

FMAX Data Rate 400 400 300 300 Mbit/s 

Transparent Mode Timing Table 
SYMBOL DESCRIPTION S2024B-8 S2024B-6 

COMMERCIAL MILITARY COMMERCIAL MILITARY UNITS 

Min Max Min Max Min Max Min Max 

10100 Propagation delay from DIN0-31 to DOUT0-31 4100 4180 5125 5230 ps 

tx100 Propagation delay from XDIN0-31 to DOUT0-31 2720 3040 3400 3800 ps 

le FOO Propagation delay from rising edge of CNFGSTB to 

DOUT0-31 valid 3320 3760 4150 4700 ps 

DIMPW Pulse width of DIN0-31 820 860 1030 1080 ps 

XIMPW Pulse width of XDIN0-31 870 910 1090 1140 ps 

Skew Output Skew 500 500 500 500 ps 

FMAX Data Rate 800 800 600 600 Mbit/s 

Reconfiguration Timing Table (520248-8, 520248-6) • SYMBOL DESCRIPTION COMMERCIAL MILITARY UNITS 

Min Max Min Max 

lsuoA Setup time of OUTADDD-4 before rising edge of CNFGCLK 3500 4360 ps 

!HOA Hold time of OUTADDQ-4 after rising edge of CNFGCLK 360 560 ps 

tsuOAE Setup time of OAEN before rising edge of CNFGCLK 2540 3860 ps 

IHOAE Hold time of OAEN before rising edge of CNFGCLK -240 -140 ps 

lsu1A Setup time of INADD0-5 before rising edge of CNFGCLK 1760 2660 ps 

IHIA Hold time of INADD0-5 before rising edge of CNFGCLK 760 980 ps 

lsucFc Setup time of CNFGCLK to CNFGSTB so that the rising edge 

of CNFGSTB will start reconfiguration 660 760 ps 

lsuCFG Setup time of CNFGSTB falling edge before the rising 

edge of CNFGCLK 1110 1960 ps 

CCMPWL Pulse width low of CNFGCLK 4200 4200 ps 

CCMPWH Pulse width high of CNFGCLK 4200 4200 ps 

CSMPWH Pulse width low of CNFGSTB 4200 4200 ps 

Applied Micro Circuits Corporation 
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AMCC 
S2024 "CROSSBOW" 32 X 32 800 MBIT/S CROSSPOINT SWITCH 

Pin Assignment and Descriptions 

Pin Name Level 110 

DIN31 ECL I 
DIN30 
DIN29 
DIN28 
DIN27 
DIN26 
DIN25 
DIN24 
DIN23 
DIN22 
DIN21 
DIN20 
DIN19 
DIN18 
DIN17 
DIN16 
DIN15 
DIN14 
DIN13 
DIN12 
DIN11 
DIN10 
DIN9 
DINS 
DIN? 
DING 
DIN5 
DIN4 
DIN3 
DIN2 
DIN1 
DINO 

OUTADDR4 TTL I 
OUTADDR3 
OUTADDR2 
OUTADDR1 
OUTADDRO 

IADDR5 TTL I 
IADDR4 
IADDR3 
IADDR2 
IADDR1 
IADDRO 

OAEN TTL I 

MDCLK ECL I 
MDCLKN 

8-16 

Pin # 

181 
180 
179 
177 
176 
175 
174 
169 
167 
166 
164 
161 
160 
159 
157 
156 
155 
154 
153 
152 
150 
145 
143 
142 
141 
140 
139 
137 
136 
134 
135 
131 

13 
5 
3 
2 
1 

21 
20 
19 
18 
15 
14 

190 

66 
65 

Description 

Input data. Active High. 

Output configuration register address. Used to select the 
output configuration registers in the register file. 

Input data addresses. Used to select the input data pin 
connected to each output data pin. Stored into register file by 
CNFGCLK. INADD5 is used to select the expansion data 
inputs. 

Output address enable. When high, enables the selection of 
appropriate output configuration register. 

Master latch clock inputs (input data). True differential inputs. 
Can be used single-ended with VBB1 and VBB2. 

Applied Micro Circuits Corporation 
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AMCC 
"CROSSBOW" 32 X 32 800 MBIT/S CROSSPOINT SWITCH S2024 

Pin Assignment and Descriptions (Continued) 

Pin Name Level 110 Pin# Description 

XDIN31 ECL I 183 Expansion input data. Active High. These inputs are selected 
XDIN30 184 by the most significant bit of the output configuration registers. 
XDIN29 185 
XDIN28 192 
XDIN27 194 
XDIN26 8 
XDIN25 11 
XDIN24 12 
XDIN23 27 
XDIN22 29 
XDIN21 33 
XDIN20 36 
XDIN19 37 
XDIN18 38 
XDIN17 39 
XDIN16 41 
XDIN15 42 
XDIN14 43 
XDIN13 44 
XDIN12 45 
XDIN11 47 
XDIN10 48 
XDIN9 49 
XDIN8 52 
XDIN7 54 
XDIN6 55 
XDIN5 56 
XDIN4 57 
XDIN3 58 
XDIN2 59 
XDIN1 62 
XDINO 61 

SDCLK ECL I 70 Slave latch clock inputs (output data). True differential inputs. 
SDCLKN 69 Can be used single-ended with VBB1 and VBB2. • CNFGCLK TTL I 188 Address configuration clock. On rising edge, stores data into 

output configuration register. 

RESET TTL I 191 Chip reset. Active High. Asynchronously resets the register file. 

CNFGSTB TTL I 189 Reconfiguration enable input. The contents of the register file 
are parallel-loaded into the configuration latch when 
CNFGSTB goes high, causing switch reconfiguration. 

VBB1 - 0 64 Reference threshold voltage outputs to allow provision for 
VBB2 72 single-ended capability for clock inputs. 
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AMCC 
S2024 "CROSSBOW" 32 X 32 800 MBIT/S CROSSPOINT SWITCH 

Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 

DOUT31 ECL 0 
DOUT30 
DOUT29 
DOUT28 
DOUT27 
DOUT26 
DOUT25 
DOUT24 
DOUT23 
DOUT22 
DOUT21 
DOUT20 
DOUT19 
DOUT18 
DOUT17 
DOUT16 
DOUT15 
DOUT14 
DOUT13 
DOUT12 
DOUT11 
DOUT10 
DOUT9 
DOUT8 
DOUT7 
DOUT6 
DOUT5 
DOUT4 
DOUT3 
DOUT2 
DOUT1 
DOU TO 

ACT EST - 0 

THDIODE - -

EGND GND -

+5V +5V -

8-18 

Pin # 

130 
129 
127 
125 
121 
119 
117 
116 
115 
111 
110 
107 
106 
105 
104 
103 
100 
99 
96 
94 
93 
92 
91 
90 
89 
87 
86 
85 
83 
80 
79 
78 

6,31 

146, 147 

7, 30, 32, 
68, 77, 

101, 109, 
112, 187 

50, 98, 
148, 196 

Description 

Output data. Active High. 

Used during device testing to determine AC performance of 
chip. Signal is the output of a 9-stage ring oscillator followed by 
two divide-by-2 circuits. Minimum acceptable output frequency is 
32.6 MHz. 

Thermal diode connections 

ECL 1/0 Power Supply 

TIL 1/0 Power supply 
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AMCC 
"CROSSBOW" 32 X 32 800 MBIT/S CROSSPOINT SWITCH S2024 

Pin Assignment and Descriptions (Continued) 

Pin Name Level 1/0 Pin# Description 

- 5.2V - 5.2V - 17, 24, Core Power Supply 
25, 26, 
35, 63, 
73, 75, 
76, 84, 

113, 122, 
123, 124, 
133, 162, 
170, 171, 
173, 182 

GND GND - 4, 10, 16, Ground 
22, 28, 
34, 40, 
46, 51, 
53, 60, 
67, 71, 
74, 81, 
88, 95, 

97, 102, 
108, 114, 
120, 126, 
132, 138, 
144, 149, 
151, 158, 
165, 168, 
172, 178, 
186, 193, 

195 

NC - - 9, 23, 82, No Connection 
118, 128, 

163 • 
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AMCC 
S2024 "CROSSBOW" 32 X 32 800 MBIT/S CROSSPOINT SWITCH 

Figure 5.196 LDCC Package 
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Figure 6. Differential to Single-Ended Conversion 
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AMCC 
"CROSSBOW" 32 X 32 800 MBIT/S CROSSPOINT SWITCH S2024 

Absolute Maximum Ratings 
ECL Supply Voltage VEE (VCC = 0) -8.0VDC 

ECL Input Voltage (VCC = 0) GNDto-3V 

ECL Output Source Current (continuous -50mA DC 

TTL Supply Voltage VCC (VEE = 0) 7.0V 

TTL Input Voltage (VEE = 0) 5.5V 

Operating Temperature -55'C (ambient) 
+125'C (case) 

Operating Junction Temperature T J +150°C 

Storage Temperature -65°C to + 150°C 

Recommended Operating Conditions 
Commercial Milll'!!l_ 

Parameter Min Nom Max Min Nom Max Units 

EGL (1 OK) Supply Voltage 
(VEE) VGG= 0 -4.94 -5.2 -5.46 -4.7 -5.2 -5.7 v 

EGL Input Signal 
Rise/Fall Time - 1.0 3.0 - 1.0 3.0 ns 

TTL Supply Voltage VGG 4.75 5.0 5.25 4.5 5.0 5.5 v 
Operating Temperature 0 - 70 -55 - 125 'G 

(ambient) (ambienl) (ambient) (case) 

Junction Temperature - - 130 - - 150 'G 

Ice - - 194 - - 194 mA 

IEE - - 1589 - - 1589 mA 

PaEF - - 0.58 - - 0.58 w 

TTL Input/Output DC Characteristics 
SYMBOL PARAMETER TEST DC CONDITIONS 

VIH3 Input HIGH voltage Guaranteed input HIGH voltage 
for all inputs 

VIL3 Input LOW voltage Guaranteed input LOW voltage 
for all inputs 

VIK Input clamp diode voltage Vee= Min, 11N = -18mA 

llH Input HIGH current Vee= Max, V1N = 2.7V 

11 Input HIGH current at Max Vee= Max, V1N = 5.5V 

Ill Input LOW current V cc= Max, V1N = 0.5V 

Notes 

ECL 10K Input/Output DC 
Characteristics VEE = -5.2 V' 

Tamblent 

-55°C 0°C 25°C 

VoHmax -850 -770 -730 

VtHmax3 -800 -720 -680 

VoHmln -1080 -1000 -980 

VIHmln 
3 -1255 -1145 -1105 

vllmax3 -1510 -1490 -1475 

VOLmax -1655 -1625 -1620 

VoLmln -1980 -1980 -1980 

vllmln 
3 -2000 -2000 -2000 

llH2MAX 30 30 30 

llL2MAX -.5 -.5 -.5 

Tc .. e 

75°C 12s0 c 
-650 -575 

-600 -525 

-920 -850 

-1045 -1000 

-1450 -1400 

-1585 -1545 

-1980 -1980 

-2000 -2000 

30 30 

-.5 -.5 

COMM 0°f+70°C MIL -55°1+125°C 

Min Typ2 Max Min Typ2 Max 

2.0 2.0 

0.8 0.8 

--0.8 -1.2 -0.8 -1.2 

50 50 

1.0 1.0 

-0.4 -0.4 

1. Data measured with VEE= -5.2 ± .1V assuming a +50'C rise between ambient (T,) and junction temperature (T) for -55°C, 0°C, 

Units 

mV 

mV 

mV 

mv 

mV 

mV 

mV 

mV 

µA 

µA 

UNITS 

v 

v 

v 

µA 

mA 

mA 

+25°C, and + 70°C, and a +25'C rise for + 125°C. These conditions will be met with an airflow of 400 for commercial environment. Cooling 
of case to + 125°C is required for military environment. 

2. Typical limits are at 25°C, V cc= 5.0V. 
3a.These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 
3b.Use extreme care in defining input levels for dynamic testing. Many ouputs may be charged at once, so there will be significant noise at the 

device pins and they may not actually reach v,L or v," until the noise has settled. AMCC recommends using V1L s; 0.4V and V1" ~ 2.4V for 
dynamic TTL testing and V1LM1N and V1HM•x for ECL testing. 
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AMCC 
S2024 "CROSSBOW" 32 X 32 800 MBIT/S CROSSPOINT SWITCH 

EXPANDING THE S2024 TO A 64 X 64 
CROSSPOINT SWITCH 

Four S2024s can be easily connected to form a 64 x 64 
crosspoint switch. In order to accomplish this, the 
switches must be configured so that any input can be 
multiplexed to any output. The accompanying figure 
provides an example of a 64 x 64 switch, making use of 
the S2024's expansion data inputs. 

This arrangement allows all outputs to select input data 
from any bit of the 64-bit data bus. The two secondary 
S2024s receive data from the two primaries by means 
of the expansion data inputs. The expansion inputs are 
used when the switching operation has been realized 
by the previous switches and only a flow through is 
needed. 

Crosspoint 1 switches 032-063 to Crosspoint 3. 

Crosspoint 2 switches 032-063 to Crosspoint 4. 

Crosspoint 3 switches 00-031 to 00-031 and/or re
produces the outputs of Crosspoint 1 through the 
expansion inputs. 

Crosspoint 4 switches 00-031 to 032-063 and/or 
reproduces the outputs of Crosspoint 2 through the 
expansion inputs. 

8-22 

Figure 7. 52024 Expansion Diagram 
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AMCC 
"CROSSBOW" 32 X 32 800 MBIT/S CROSSPOINT SWITCH S2024 

Ordering Information 

GRADE 32 X 32 CROSSPOINT SWITCH 
S - commercial 
M-military 

2024 
PACKAGE 

B-196 LDCC 
with straight leads 

C-196 LDCC 
leadformed 
with heatsink 
unattached 

I x xxxx x -xx 
Grade Part number Package Speed grade 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

SPEED GRADE 
6 - 600 Mbit/s 
8 - 800 Mbit/s 
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S2024 "CROSSBOW" 32 X 32 800 MBIT/S CROSSPOINT SWITCH 
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DEVICE SPECIFICATION 
AMCC® 

32 x 32 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH S2025 

FEATURES 
• 32 x 32 differential crosspoint switch 
• Full broadcast switching capability 
• Differential 10K PECL data path 
• Configurable differential output driver 

enables 
• Up to 1.5 Gbit/s NAZ data rate 
• TTL configuration controls 
• Reconfigurable without disturbing operation 
• 196-pin LDCC package 

APPLICATIONS 
• Internet switches 
• Digital video 
• Digital demultiplexing 
• Microwave or fiber-optic data distribution 
• High-speed automatic test equipment 
• Datacom or telecom switching 

Figure 1. Functional Block Diagram 
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GENERAL DESCRIPTION 
The 52025 is a very high-speed 32 x 32 differential 
crosspoint switch with full broadcast capability. Any of its 
32 differential PECL input signal pairs can be connected 
to any or all of its 32 differential PECL output signal pairs. 
In addition, the 52025 includes configurable differential 
output driver enables that allow it to be expanded to 
larger differential crosspoint switch structures. 

The differential 1 OK PECL logic data path makes the 
part ideal for high-speed applications. The differential 
nature of the data path is retained throughout the 
crosspoint structure, to minimize data distortion and to 
handle NAZ data rates up to 1.5 gigabits per second. 

TTL configuration controls simplify interfacing to slower 
speed circuitry. Once a new configuration has been 
entered into the configuration register file, the 52025 
can be completely reconfigured in only 6 ns without 
disturbing switch operations. 
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AMCC 
S2025 32 x 32 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH 

DATA TRANSFER 
For each configured connection between a differential 
input pair and an enabled output pair, any data appear
ing at the input pair will be passed immediately through 
to the output pair. 

RECONFIGURATION 
The S2025 can be selectively reconfigured one output 
pair at a time, or any number of output pairs can be 
reconfigured simultaneously. Configuration data is 
stored in 32 registers, one register for each output pair. 
As shown in Figure 1, the configuration data is passed 
in parallel from all 32 registers to a latch which holds the 
active switch configuration. This two-stage arrange
ment allows one or more output pairs to be reconfigured 
simultaneously. 

Each output configuration register holds 6 bits. Five bits 
are used to select which input pair will be connected to 
the output pair and one bit is used to enable or disable 
the output pair driver. 

To connect an output pair to a given input pair, the 
output pair to be reconfigured is selected using bits 
OADDR0-4 of the OA register. These bits are set using the 
OADDR and OACLK inputs. The OACLK input, with 100 
MHz maximum frequency, can load the OAshift register 
through the OADDR input, with the OADDR4 (MSB) 
entering first, followed by the OADDR3, and so on. With 

Figure 2. Data Transfer Waveforms 
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the output configuration register selected, the desired 
input selection is provided on the bits IADDR0-4 of the IA 
register. Whether or not the output pair is to be enabled 
is provided on the bit IADDR5 of the same register. The 
bits IADDR0-5 are set using the IADDR and IACLK 
inputs. The IACLK input, with 100 MHz maximum 
frequency, can load the IA shift register through the 
IADDR input, with the IADDR5 entering first, followed 
by the IADDR4 (MSB), and so on. The IADDR0-5 
information will be stored into the selected output pair 
configuration register pair by the LOADN strobe. 

When the differential switch is to be reconfigured, the 
S2025 minimizes the time required through the use of an 
active configuration latch. While the switch is operational, 
and prior to the time at which it must be reconfigured, a 
new configuration can be loaded into the output pair 
configuration registers. Once the 32 output pair configu
ration registers contain the desired connection and 
output pair driver enable information, the contents of the 
registers are transferred in parallel to the active configu
ration latch by the CONFIGN strobe. This allows multiple 
connections to be simultaneously changed. 

The configuration latch can be made transparent by 
tying the CONFIGN inputto a logic o. When this is done, 
changes strobed into the output pair configuration reg
isters by the LOADN input pair will be passed immediately 
to the switch. 

Applied Micro Circuits Corporation 
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AMCC 
32 x 32 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH S2025 

Figure 3. Reconfiguration Waveforms 
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AMCC 
S2025 32 x 32 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH 

Reset Behavior 

When the RESETN input pair is asserted, the S2025 
assumes a configuration where all the differential out
put drivers are disabled. Individual output drivers then 
remain disabled until they are explicitly reconfigured to 
be enabled. 

Table 1. Data Transfer Timing1 

Symbol Description 

tDIDO Propagation delay from DIN0-31 P/N to DOUTQ-31 P/N 

tCFDO Propagation delay from falling edge of CONFIGN to 
DOUT0-31 PIN valid 

tLDDO Propagation delay from falling e~e of LOADN to 
DOUT0-31 P/N valid (When CO FIGN is held low) 

DIMPW Pulse width of DIN0-31 P/N 

FMAX Data rate 

Table 2. Reconfiguration Timing2 

Symbol Description 

tSUIAD Setup time of IADDR before rising edge of IACLK 

tHIAD Hold time of IADDR after rising edge of IACLK 

tSUIAC Setup time of IACLK before falling edge of LOADN 

tHIAC Hold time of IACLK after rising edge of LOADN 

tSUOAD Setup time of OADDR before rising edge of OACLK 

tHOAD Hold time of OADDR after rising edge of OACLK 

tSUOAC Setup time of OACLK before falling edge of LOADN 

tHOAC Hold time of OACLK after rising edge of LOADN 

tSULC Setup time of LOADN to CONFIGN so that the falling 
edge of CONFIGN will start reconfiguration 

LDMPW Pulse width low of LOADN 

CFMPW Pulse width low of CONFIGN 

FMAX IACLK, OACLK maximum frequency 

i. All timing measured from the Vee ·1.3V point on the signals. 
2. All timing measured from the 1.5V point on the signals. 

Min. Max. Units 

3 ns 

6 ns 

8 ns 

0.650 ns 

1500 Mbit/s 

Min. Max. Units 

2 ns 

1 ns 

1 ns 

2 ns 

2 ns 

1 ns 

2 ns 

2 ns 

1 ns 

2 ns 

2 ns 

100 MHz 
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AMCC 
32 x 32 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH S2025 

52025 Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin# Description 

DIN31 P Diff. Input 99 Input data. Differential. Can be used as single-ended input 
DIN30P PECL Pairs 45 pairs with V BB tied to one side of each differential pair. 
DIN29P 101 
DIN28P 43 
DIN27P 104 
DIN26P 42 
DIN25P 105 
DIN24P 39 
DIN23P 106 
DIN22P 38 
DIN21P 109 
DIN20P 31 
DIN19P 116 
DIN18P 29 
DIN17P 118 
DIN16P 23 
DIN15P 121 
DIN14P 27 
DIN13P 127 
DIN12P 20 
DIN11P 129 
DIN10P 18 
DIN9P 134 
DIN8P 13 
DIN7P 137 
DIN6P 12 
DIN5P 140 
DIN4P 9 
DIN3P 143 
DIN2P 6 
DIN1P 146 
DINOP 3 
DIN31N 100 
DIN30N 48 
DIN29N 103 • DIN28N 44 
DIN27N 107 
DIN26N 41 
DIN25N 110 
DIN24N 37 
DIN23N 111 
DIN22N 33 
DIN21N 115 
DIN20N 36 
DIN19N 112 
DIN18N 32 
DIN17N 117 
DIN16N 30 

Applied Micro Circuits Corporation 
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AMCC 
S2025 32 x 32 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH 

52025 Pin Assignment and Descriptions 

Pin Name Level 1/0 Pin # 

DIN15N Diff. I 119 
DIN14N PECL 21 
DIN13N 125 
DIN12N 19 
DIN11N 128 
DIN10N 15 
DIN9N 130 
DIN8N 14 
DIN7N 131 
DIN6N 11 
DIN5N 141 
DIN4N 8 
DIN3N 142 
DIN2N 7 
DIN1N 145 
DINON 5 

OADDR TTL I 160 

OACLK TTL I 181 

IADDR TTL I 86 

IACLK TTL I 65 

LOADN TTL I 135 

CONFIGN TTL I 139 

RESETN TTL I 136 

DOUT31P Diff. 0 96 
DOUT30P PECL 92 
DOUT29P 89 
DOUT28P 87 
DOUT27P 85 
DOUT26P 82 
DOUT25P 79 
DOUT24P 70 
DOUT23P 68 
DOUT22P 66 
DOUT21P 64 
DOUT20P 59 

8-30 

Description 

Differential PECL input data. Differential inputs can be used as 
single-ended inputs with VBB tied to one side of each 
differential input pair. 

Serial data input to the Output Address Shift Register 

Output Address Shift Register is loaded on the rising edge of 
OACLK. 

Serial data input to the Input Address Shift Register. 

Input Address Shift Register is loaded on the rising edge of 
IACLK. 

Load strobe, active Low. When low, stores the configuration 
data in IA register into the configuration register file. 

Configuration strobe, active Low. When low, parallel loads the 
contents of the configuration register file into the active 
configuration latch. 

Reset. Active Low. Resets all the output enable bits in the 
configuration register file and in the active configuration latch. 

Output data. Differential. 

Applied Micro Circuits Corporation 
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AMCC 
32 x 32 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH S2025 

52025 Pin Assignment and Descriptions 

Pin Name Level VO Pin # Description 

DOUT19P Diff. 0 58 Output data. Differential. 
DOUT18P PECL 55 
DOUT17P 52 
DOUT16P 47 
DOUT15P 1 
DOUT14P 194 
DOUT13P 190 
DOUT12P 188 
DOUT11P 185 
DOUT10P 183 
DOUT9P 179 
DOUT8P 176 
DOUT7P 169 
DOUT6P 174 
DOUT5P 166 
DOUT4P 163 
DOUT3P 157 
DOUT2P 156 
DOUT1P 154 
DOUTOP 153 
DOUT31N 94 
DOUT30N 93 
DOUT29N 91 
DOUT28N 90 
DOUT27N 83 
DOUT26N 80 
DOUT25N 78 
DOUT24N 77 
DOUT23N 72 
DOUT22N 69 
DOUT21N 62 
DOUT20N 61 
DOUT19N 57 
DOUT18N 56 
DOUT17N 54 • DOUT16N 49 
DOUT15N 2 
DOUT14N 192 
DOUT13N 191 
DOUT12N 189 
DOUT11N 187 
DOUT10N 184 
DOUT9N 180 
DOUT8N 177 
DOUT7N 175 
DOUT6N 167 
DOUT5N 164 
DOUT4N 161 
DOUT3N 159 
DOUT2N 155 
DOUT1N 152 
DOUTON 150 

Applied Micro Circuits Corporation 
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AMCC 
S2025 32 x 32 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH 

52025 Pin Assignment and Descriptions 

Pin Name Level 110 Pin# 

vcc +5V - 4, 10, 16, 
22, 28, 
34,40, 
46, 51, 
53, 60, 
67, 71, 
74, 81, 
88, 95, 
97, 102, 
108, 114, 
120, 126, 
132, 138, 
144, 149, 
151, 158, 
165, 168, 
172, 178, 
186, 193, 

195 

TTLGND GND - 50, 98, 
148, 196 

ECLGND GND - 17, 24, 
25,26, 
35, 63, 
73, 75, 
76, 84, 

113, 122, 
123, 124, 
133, 162, 
170, 171, 
173, 182 

THDIODEP - - 147 

8-32 

Description 

Core and ECL 1/0 Power Supplies 

TTL Ground 

Core Ground 

Thermal Diode 

Applied Micro Circuits Corporation 
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AMCC 
32 x 32 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH S2025 

Figure 4. 196-Pin LDCC Package 
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Figure 5. AMCC Heat Sink 45-17 
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AMCC 
S2025 32 x 32 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH 

EXPANDING TO A 64 X 64 SWITCH 
The S2025 includes configurable differential output pair 
driver enables that allow it to be expanded to form a 64 
x 64 differential crosspoint switch. 

As shown in Figure 6, four S2025 devices can be used 
to form a 64 x 64 differential crosspoint switch. Each of 
the 64 pairs of differential outputs are connected to 
output pairs on two different S2025 devices. 
Similarly, each of the 64 pairs of differential outputs are 
connected to output pairs on two different S2025 de
vices. The configuration register files of the two devices 
are then programmed to enable only one of the two 
connected output pairs at once. 

With the interconnection scheme shown in Figure 6, 
any of the 64 output pairs can be connected to any of the 
64 input pairs. 
To avoid power-up output pair contention, the Reset 
condition for the S2025 assumes a configuration where 
all the differential output pairs are disabled. 

Figure 6. Expanding to a 64 x 64 Switch 
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Normal high-speed PECL routing and termination prac
tices are required for all PECL connections. For 
maximum data throughout, reflected signals from im
pedance mismatches atthe package/pcb boundary, as 
well as those due to poor placement of terminating 
impedances must be minimized. Care also must be 
taken during board layout to position the devices for the 
shortest possible trace lengths when connecting differen
tial outputs together. 

Larger differential crosspoint switch structures can also 
be built using the S2025's ability to selectively enable 
and disable its differential output pair drivers. 
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AMCC 
32 x 32 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH S2025 

THERMAL MANAGEMENT GUIDELINES 
Because of the relatively high power dissipation of the 
52025 device, thermal management is a key design 
consideration. The junction temperature (Tj) of the 
device must not exceed 150°C for it to operate within its 
specifications. There are a number of ways to imple
mentthermal management, depending upon the system 
requirements and applications. AMCC is offering the 
following two methods as guidelines to ensure proper 
operation of the 52025. 

1 . Convection-Heat Sink with Forced Air Flow 

AMCC offers the standard heat sink 45-17 for 
impingement cooling (air flow forced directly to the 
face of the heat sink). This method is similar to the 
fan/heat-sink devices used on new, high-perfor
mance, and high-power microprocessors. The 
dimensions of the heat sink are given in Figure 5. 

Considering the junction-to-case, and case-to
ambient thermal resistivities, one can estimate the 
amount of required air flow and the maximum 
ambient temperature (T 8 ) in order to keep the Ti 
below the critical limit of 150°C. Table 4 lists these 
values for 45-17 and 45-24 heat sinks when Ti = 
150°C. 

Table3. 

T8 °C (max) Air Flow 
(H/S 45-17) (lfpm) 

40 200 

60 400 

70 600 

80 800 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

2. Conduction-Liquid Cooling Methods 

Passive cooling schemes, such as Aavid 
Engineering's Oasis technology may also be used 
to ensure low junction temperature. Oasis uses 
Flourinert, a liquid that boils around 57°C, to transfer 
heat from the hot device to a condenser, where the 
vaporized Flourinert is cooled, becomes liquid again, 
and returns to the hot device. The 52025 case 
temperature would not exceed 57°C, as long as the 
cooling system is functioning properly. In such 
case, using the following equation, one could calcu
late the maximum anticipated Ti to be around 85°C. 

Ti = Tc + (Pd x 2) . 
(Tc is the case temperature 1n °C, and 
Pd is the dissipated power in Watts.) 

For more information on Oasis technology, please 
contact: 

Aavid Engineering Incorporated 
Oasis Products Group 
One Kool Path/P.O. Box 400 
Laconia, NH 03247-0400 
Tel: 603/528-3400 
FAX: 603/528-1478 
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S2025 32 x 32 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH 

Table 4. Absolute Maximum Ratings 

Supply Voltage V cc 7.0V 

PECL Input Voltage Vcc-2.5V to Vee 

PECL Output Source Current (continuous) -50mADC 

TTL Input Voltage 5.5V 

Operating Junction Temperature T1 +150°C 

Storage Temperature -65°C to + 150°C 

Table 5. Recommended Operating Conditions 

Parameter Min Nom Max Units 

Supply Voltage Vee 4.75 5.0 5.25 v 

Ambient Temperature 0 70 oc 
Junction Temperature 150 oc 
Ice 1950 2600 mA 

Table 6. Differential PECL Input/Output DC Characteristics, V cc = 5.0V to 5.25V' 

Symbol 
Tamblent Unit 

0°C 25°C 70°C 

VoHmax1 Vcc-815 Vcc-775 Vcc-695 mV 

V1Hmax Vcc-120 Vcc-680 Vcc-000 mV 

VoHmin1 vcc-1045 Vcc-1025 Vcc-965 mV 

V1omin Vcc-2so vcc-250 Vcc-250 mV 

V1Lmin Vcc-2000 vcc-2000 Vcc-2000 mV 

VoLmax1 vcc-1545 Vcc-1525 vcc-1465 mV 

VoLmin1 Vcc-1900 Vcc-1885 vcc-1860 mV 

Voc1 Vcc-1800 vcc-1785 Vcc-1760 mV 

l1Hmax 20 20 20 µA 

l1Lmax -.5 -.5 -.5 µA 

Table 7. TTL Input DC Characteristics 

Commercial 0° to 70°C 

Symbol Parameter Conditions Min Typ3 Max Unit 

V1H4 Input HIGH Voltage Guaranteed Input HIGH Voltage 
for all i~ut pairs 2.0 v 

V1L4 Input LOW Voltage Guaranteed ln~ut LOW Voltage 
for all input pa rs 

0.8 v 

VIK Input Clamp Diode 
Voltage 

Vee= MIN, l1N = -18 mA -0.8 -1.2 v 

l1H Input HIGH Current Vee:; MAX, V1N = 2.7V 50 µA 

11 Input HIGH Current at 
Max. 

Vee= MAX, V1N =Vee+ 0.3V 1 . mA 

l1L Input LOW Current Vee= MAX,V1N = 0.5V -0.4 mA 

1. All outputs are loaded with son to V cc - 2V. 
2. V10 and Voo represent differential voltage swing specifications. 
3. Typical limits are at 25°C, Vee= 5.0V. 
4. These Input levels provide a zero noise immunity and should only be tested in a static, noise-free environment. 
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AMCC 
32 x 32 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH S2025 

Ordering Information 

Grade 

S - Commercial 

Applied Micro Circuits Corporation 

32 x 32 Differential 
Crosspoint Switch 

2025 

x xxxx 
Grade Part Number 

6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

x 

Package 

C - 8, BOOMBPS, 196 LDCC 
lead formed with Heatsink 
unattached 

C - 15, 1.5GBPS, 196 LDCC 
lead formed with Heatsink 
unattached 

Package 
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TARGET 
SPECIFICATION 

This product is not released 
and the spec1f1cat1ons herem 
are sub1ect to change. AMCC® 

33 x 32 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH S2028 

FEATURES 

33 x 32 differential crosspoint switch 
Full broadcast switching capability 
Differential 1 OK PECL data path 
Configurable differential output driver 
controls 
Up to 1.5 Gbit/s NAZ data rate 
TTL configuration controls 
Reconfigurable without disturbing 
operation 
Single cycle broadcast configuration 

• High-speed multicast and fast unicast 
configuration (100 MHz) 

• "Break" feature to disable previous 
multicast configuration 
224-pin LDCC package 

APPLICATIONS 

• Internet Switches 

Datacom or telecom switchiflg 

• Digital demultiplexi 

·data distribution 

• Digital video 

Figure 1. Functional Block Diagram 
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CONFIGN 
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GENERAL DESCRIPTION 

The S2028 is a very high-speed 33 x 32 differential 
crosspoint switch with fast multicast and broadcast 
capabilities. It consists of 32 differential PECL input 
signal pairs that can be connected to any or all of its 
32 differential PECL output signal pairs. In addition, 
the differential output drivers can be individually con
figured to gate in an additional broadcast channel. 
This channel can be used as a default advertise 
channel, or to supply a signal such as a clock to 
simplify interface design. 

Alongwith a single cycle reconfiguration of the entire 
33X32 crosspoint switch, the S2028 features single 
cyp~ broadcast and fast .two gycle multicast configu
ratiortA "break"featur~ aUowsta~multlcast disable 
of the previous multica~ configuration. 

T~~. ~2Q289?ntains a unique memory map, which 
provides f9U s!,Jpport of the broadcast, multicast, and 
unicast modes. 

The differential 1 OK PECL logic data path makes the 
part ideal for high-speed applications. The differen
tial nature of the data path is retained throughout the 
crosspoint structure, to minimize data distortion and to 
handle NRZ data rates up to 1.5 gigabits per second. 

33x32 
Differential 
Crosspoint 

192 

64 
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AMCC 
S2028 33 x 32 1.5 GBIT/S DIFFERENTIAL CROSSPOINT SWITCH 

TTL configuration controls simplify interfacing to 
slower speed circuitry. Once a new configuration 
has been entered into the configuration register file, 
the 82028 can be completely reconfigured in only 
1 O ns without disturbing switch operations. 

The configuration register can also be put into trans
parent mode, reconfiguring all addressed outputs 
within 1 Ons after the LOADN signal goes low. 

DATA TRANSFER 

For each configured connection between a differen
tial input pair and an enabled output pair, any data 
appearing at the input pair and switching at up to 
1.5 Gb/s will be passed immediately through to the 
output pair. 

B 

DOUT0-31 PIN 

CONFIGN 

tLDDO 

LOADN 
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CONFIGURATION 

The 82028 can be selectively reconfigured one out
put channel at a time in unicast mode, 16 output 
channels at a time in multicast mode, and all 32 
output channels simultaneously in broadcast mode. 
Any number of output channels can be reconfigured 
simultaneously using the CONFIGN control. Configu
ration data is stored in all 32 registers, one register 
for each output channel. As shown in Figure 1, the 
configuration data is passed in parallel from all 32 
registers to a bank of latches which hold the active 
switch configuration. This two-state arrangement al
lows any number of output channels to be 
reconfigu imultaneously. 

c D E 
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EVALUATION BOARD AMCC® 
53014 EVALUATION BOARD 56003 

I 

EVALUATION BOARD DESCRIPTION 

The S6003 Evaluation Board allows demonstration 
of AMCC's S3014 SONET clock synthesis and re
covery unit. This data sheet provides information on 
board contents and layout. It should be used in con
junction with the S3014 data sheet, which contains 
full technical details on chip operation. 

Figure 1 depicts the layout of the evaluation board, 
showing the location of connectors and components. 
Power is supplied to the board from external raw 
supplies connected through the on-board power con
nections. Coaxial SMA connectors are used for serial 
data link and external reference clock connections. 

Figure 1. 56003 Board Layout 
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AMCC 
$6003 53014 EVALUATION BOARD 

ELECTRICAL CONNECTIONS 

Power Connections 

Connections are provided on the board for ground, 
the TTL power supply (VCC}, and the core and PLL 
supply (VEE). Refer to Table 1 for recommended op
erating conditions. 

Table 1. Power Connection 
Recommended Operating Conditions 

Power Supply Nominal Input Voltage Function 

vcc 5V TTL Supply 

Ground ov 
VEE -5V PLL & Core Supply 

SMA Connectors 

Eight coaxial SMA connectors are provided for the 
differential serial data signals and the clock input/ 
output signals. All connectors, components, and con
trols are labeled on the board by name. (See Figure 
1 for locations.) 

Serial Data In (SERDATIP/N). Differential ECL. When 
the S3014 is used in the Clock Recovery Mode, the 
clock is recovered from the transitions on these inputs. 

Reference Clock [REFCKINP/N]. Differential ECL. 
Input used as the reference for the internal bit clock 
frequency synthesizer. 

Serial Clock Out [SERCLKOP/N]. Differential ECL. 
Output signal that is phase-aligned with Serial Data 
Out in the Clock Recovery Mode. 

Serial Data Out [SERDATOP/N]. Differential ECL. In 
the Clock Recovery Mode, this signal is the delayed 
version of the incoming data stream, phase aligned 
with Serial Clock Out. 

Note: All ECL outputs must be terminated SOD to -2V 
off-chip. When connecting the serial clock and serial 
data outputs to test equipment with a SOD to GND 
termination, an ECL terminator should be used to 
match the SOD to -2V termination requirement of the 
56003 with the SOD to GND termination of the test 
equipment. 

CRYSTAL REFERENCES 

A 19.44, 51.84, or 155.52 MHz differential ECL crys
tal oscillator can be used for the reference clock. 
One 19.44 MHz crystal is provided. If a different ref
erence frequency is needed, AMCC can recommend 
crystal vendors. 

9-4 

Figure 2. Clock Jumper Configurations 

EXTERNAL CLOCK 0 
REFCKINN 

e-o 0 
JP4 
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Alternatively, an external reference clock can be pro
vided by configuring the JP4 jumpers located between 
the REFCKINN and REFCKINP connectors as shown 
in Figure 2, and connecting a differential clock to the 
appropriate SMA connectors. 

The desired input frequency is selected using the 
SELO and SEL 1 switches (see Table 2). 

LED 

The single on-board LED provides a display for the 
Lock Detect signal. This Active High TTL output is a 
clock recovery indicator. It is set high when the inter
nal clock recovery circuitry has locked onto the in
coming data stream. 

DIP SWITCH 

An on-board DIP switch provides control capability. 
The switch functions are described in the following 
sections. 

SEL[1 :OJ. Mode select. TTL. These two switches are 
used to select the input (reference clock} frequen
cies, as shown in Table 2. 

Table 2. SEL[1 :OJ Switch Function 
SEL1 

0 

1 

0 

1 

SELO INPUT FREQ 

0 51.84MHz 

0 19.44 MHz 

1 19.44 MHz 

1 155.32 MHz 
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AMCC 
$3014 EVALUATION BOARD $6003 

SEL2. Mode Select. TTL. This switch sets the output 
frequencies, as shown in Table 3. 

Table 3. SEL2 Switch Function 

SEL2 OUTPUT FREQ 

0 622.08 MHz 

1 155.52 MHz 

RST. Reset. TTL. Active Low. Initializes the S3014 to 
a known state and forces the PLL to acquire to the 
reference clock. 

TSTCLKEN. Test Clock Enable. TTL. Active High. 
Used to bypass the VCO in the PLL. 

LOS. Loss of Signal. ECL. When this switch is set 
Low (0), the S3014 is locked to the reference clock. 
When it is set High (1 ), the S3014 is locked to data 
and data is processed normally. 

JUMPER CONFIGURATION 

The jumpers labeled JP4 in Figure 1 allow the user to 
control whether an onboard crystal reference or ex
ternal clock reference is used (see Crystal References, 
Fig. 2). 

In addition, the jumpers labeled JP1, JP2, and JP3 in 
Figure 1 must be properly configured for differential or 
single-ended data inputs. When providing single-ended 
data into the SERDATIP SMA connector, an on-board 
single-ended to differential converter provides clean full 
swing ECL levels to the S3014 device. Jumper configu
ration options are shown in Figure 3. 

Figure 3. Jumper Configurations for Inputs 
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EVALUATION BOARD 
AMCC® 

S3005/S3006 EVALUATION BOARD 56004 

EVALUATION BOARD DESCRIPTION 

The 56004 50NET Evaluation Board allows dem
onstration of AMCC's 53005 and 53006 50NET/ 
5DH OC-3/12 transmitter/receiver chipset. This data 
sheet provides information on board contents and 
layout. It should be used in conjunction with the 
53005/53006 data sheets, which contain full techni
cal details on chip operation. 

Figure 1 depicts the layout of the evaluation board, 
showing the location of connectors and components. 
Power is supplied to the board from external sup
plies connected through the on-board banana jacks. 
Connectors allow easy access to all of the interface 
signals on the 53005/53006 chips. 

Figure 1. Board Layout 
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AMCC 
56004 53005/53006 EVALUATION BOARD 

ELECTRICAL CONNECTIONS 

The 60-pin header strips H1 and H3 allow simple 
ribbon cable connections to and from a user-pro
vided pattern generator. Parallel data can be input to 
the S3005 transmitter either through the connector 
pins, or by using DIP switch S1. The on-board LED 
bank provides checks on output signals. DIP 
switches S1, S2, and S3 allow access to the control 
signals of both the S3005 and S3006 chips. 

Banana jacks are provided for the power connec
tions. Coaxial SMA connectors are used for serial 
data link and external reference clock connections. 

Table 1. Power Connection 
Recommended Operating Conditions 

Power Supply Nominal Input Vottage 

vcc 5V 

Ground ov 
VEE -4.5 or ·5.2V 

LEDVCC 5V 

Table 2. H1 Pin Descriptions 
Pin Names Pin No. Level 110 Desc~on 

GND 1 . Ground 

SYNC 2 TTL I ~chronlzation Enable 

GND 3 . Ground 

REFSEL1 4 TTL I Reference Select 1 

GND 5 - Ground 

REFSELO 6 TTL I Reference Select O 

GND 7 Ground 

MODE2 8 TTL I Mode Select 2 

GND 9 . Ground 

MODE1 10 TTL I Mode Select 1 

GND 11 . Ground 

MODEO 12 TTL I Mode Select o 

GND 13 . Ground 

DLCV 14 TTL I Olag. Line Code Violation 

GND 15 . Ground 

DLEB 16 TTL I Olag. Loopback Enable 

GND 17 . Ground 

LLEB 18 TTL I Line Loopback Enable 

GND 19 . Ground 

PAE 20 TrlJCMOS 0 Phase Al_lg_nment Event 

GND 21 . . Ground 

RSTB 22 TTL I Master Reset 

GND 23 . Ground 

BYTCLKIP 24 TTUCMOS 0 Reference Feedback Clock 

GND 25 Ground 

TESTEN 26 TTL I Test Clock Enable 

GND 27 . Ground 

PICLK 28 TTL I Parallel Input Clock 

GND 29 . Ground 

GND 30 - - Ground 

9-8 

Refer to Figure 1 for locations of the connectors dis
cussed in the following sections. All connectors, con
trols, and jumpers are labeled on the board. 

Power Connections 

Power connections are made through the on-board 
banana jacks (VCC, VEE, GND, LEDVCC, and 
LEDGND). Refer to Table 1 for recommended oper
ating conditions. A -2V connection provides proper 
on-board termination for the DLDP/N outputs of 
the S3005 when connected to the DLDP/N inputs 
of the S3006. 

Pin Names Pin No. Level 1/0 Descr~ion 

GND 31 . Ground 

PCLK 32 TTUCMOS 0 Parallel Clock 

GND 33 . Ground 

GND 34 . Ground 

GND 35 Ground 

LOCKDET 36 TTL 0 Lock Detect 

GND 37 . . Ground 

PINO 38 TTL I Parallel data Irie!'! 

GND 39 . . Ground 

PIN1 40 TTL I Parallel data I~ 

GND 41 . - Ground 

GND 42 . Ground 

GND 43 Ground 

PIN2 44 TTL I Parallel data i~ut 

GND 45 . . Ground 

PIN3 46 TTL I Parallel data i'!l!!!I 

GND 47 . Ground 

PIN4 48 TTL I Parallel data i'!l!!!I 

GND 49 . . Ground 

PINS 50 TTL I Parallel data i'!I!!!! 

GND 51 . . Ground 

PINS 52 TTL I Parallel data input 

GND 53 . Ground 

PIN7 54 TTL I Parallel data i'!e!JI 

GND 55 . . Ground 

GND 56 . . Ground 

GND 57 Ground 

GND 58 - Ground 

GND 59 . Ground 

GND 60 . . Ground 

Applied Micro Circuits Corporation 
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S3005/S3006 EVALUATION BOARD $6004 

Transmitter Signals-Headers H1 and H2 

Header H1 allows connection to a 60-pin ribbon 
cable or to single discrete cables. Controls for sig
nals RSTB, DLEB, MODEO, and MODE1 are com
mon to both transmitter and receiver and can be 
controlled via header H1. These signals can also be 
controlled by dipswitch S2 if H2 jumpers are installed. 

Table 3. H2 Pin Descriptions 

Pin Names Pin No. Level VO 
SYNC 1 TTL Input 

SYNC 2 TTL Input 

REFSELi 3 TTL Input 

REFSELi 4 TTL Input 

REFSELO 5 TTL Input 

REFSELO 6 TTL Input 

MODE2 7 TTL Input 

MODE2 8 TTL Input 

MODEl 9 TTL Input 

MODE1 10 TTL Input 

MODEO 11 TTL Input 

MODEO 12 TTL Input 

DLCV 13 TTL Input 

DLCV 14 TTL Input 

DLEB 15 TTL Input 

DLEB 16 TTL Input 

LLEB 17 TTL Input 

LLEB 18 TTL Input 

RSTB 19 TTL Input 

RSTB 20 TTL Input 

TESTEN 21 TTL Input 

TESTEN 22 TTL Input 

PINO 23 TTL Input 

PINO 24 TTL Input 

PIN1 2S TTL Input 

PINI 26 TTL Input 

PIN2 27 TTL Input 

PIN2 28 TTL Input 

PIN3 29 TTL Input 

PIN3 30 TTL Input 

PIN4 31 TTL Input 

PIN4 32 TTL Input 

PINS 33 TTL Input 

PINS 34 TTL Input 

PIN6 3S TTL Input 

PIN6 36 TTL Input 

PIN7 37 TTL Input 

PIN7 38 TTL Input 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

Header H2 allows for DIP SWITCH control of signals 
SYNC, REFSEL [1 :O], MODE [2:0], DLCV, DLEB, 
LLEB, TESTEN, and PIN[7:0]. Control of each sig
nal will be transferred to the corresponding DIP 
switch SI or S2 when the corresponding jumpers are 
installed on H2. (See Table 3.) 

Description 
SYNC input (pin 58) of S3005 

DIP Switch S2 position 9 

REFSEL 1 input (pin 28) of S3005 

DIP Switch S2 position 8 

REFSELO input (pin 27) of S3005 

DIP Switch S2 position 7 

MODE2 input (pin 66) of S3005 

DIP Switch S2 position 6 

MODE! input (pin 63) of S3005 and (pin 28) of S3006 

DIP Switch S2 position 5 

MODEO input (pin 65) of S3005 and (pin 29) of S3006 

DIP Switch S2 position 4 

DLCV input (pin 59) of S3005 

DIP Switch S2 position 3 

DLEB input (pin 26) of S3005 and (pin 57) of S3006 

DIP Switch S2 position 2 

LLEB input (pin 57) of S3005 

DIP Switch S2 position 1 

RSTB input (pin 29) of S300S and (pin 21) of S3006 

RESET switch 

TESTEN input (pin 31) of S300S 

DIP Switch Sl position 9 

PINO input (pin 14) of S300S 

DIP Switch Sl position 8 

PINl input (pin 12) of S300S 

DIP Switch Sl position 7 

PIN2 input (pin 1 O) of S3005 

DIP Switch Sl position 6 

PIN3 input (pin 9) of S3005 

DIP Switch S 1 position 5 

PIN4 input (pin 8) of S3005 

DIP Switch S1 position 4 

PINS input (pin 5) of S3005 

DIP Switch Sl position 3 

PIN6 input (pin 3) of S300S 

DIP Switch Sl position 2 

PIN7 input (pin 2) of S300S 

DIP Switch S1 position 1 
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Receiver Signals-Headers H3 and H4 

Header H3 allows connection to a 60-pin ribbon 
cable or to single discrete cables. (Controls for sig
nals RSTB, DLEB, MODEO, and MODE1 are com
mon to both the transmitter and receiver and can be 
controlled via header H1. These signals can also be 
controlled by dipswitch S2 if H2 jumpers are in
stalled. Mode2 is controlled via header H3. If the 
Mode2 jumper is installed, the Mode2 input will be 
low. If the Mode2 jumper is not installed, the Mode2 
input will float to a high state.) When the associated 
pins on header H4 are jumpered, signals REFSEL 
(1 :OJ and TESTRST will be connected to DIP 
SWITCH S3. (See Table 3.) Without using any 
jumpers on these signal pins, they can be accessed 
directly by a 60-pin ribbon cable attached to header 
H3. Signal pins POUT [7:0) are always tied to LED 
bank D1, and can also be accessed by the same 60-
pin ribbon cable by jumpering those outputs on 
header H4. Refer to Table 4 for pin descriptions of 
Header H3. 

Table 4. H3 Pin Description 
Pin Names Pin No. Level VO Descr!f!!ion 
GND 1 Ground 

POUTO 2 TIUCMq§ 0 Parallel data output 

GND 3 Ground 
POUT1 4 TIU CMOS 0 Parallel data output 

GND 5 Ground 
POUT2 6 TIUCMQ§ 0 Parallel data ou_!EUt 

GND 7 Ground 

POUT3 8 TIUCMQil 0 Parallel data output 

GND 9 Ground 

POUT4 10 TIUCMQil 0 Parallel data output 

GND 11 Ground 
POUTS 12 TIUCMQil 0 Parallel data output 

GND 13 Ground 

POUTS 14 TIUCMQil 0 Parallel data output 

GND 15 Ground 

POUT? 16 TIUCMQil 0 Parallel data output 

GND 17 Ground 

LOCKDET 18 TTL 0 Lock Detect 
GND 19 Ground 

OOF 20 TTL I Out of Frame 

GND 21 Ground 

LOS 22 ECL I Loss of SJ2!lal 
GND 23 Ground 

MODE2 24 TTL I Operating_ Mode 

GND 25 Ground 

26 

GND 27 Ground 
BYTCLKIP 28 TTUCMOS 0 Ref. Feedback Clock 

GND 29 - Ground 

GND 30 Ground 
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RESET 

When the RSTB pins on Header H2 are shorted to 
each other, the push button switch on the top left of 
the board is connected to the S3005 and S3006 
RSTB Master Reset inputs. 

CRYSTAL REFERENCES AND CLOCK 
GENERATION 

Two 19.44-MHz differential ECL crystal oscillators 
with 100-ppm stability are provided, one each for the 
transmitter and receiver. If a higher reference fre
quency is needed (38.88, 51.84, or 77.76 MHz), it 
can be selected by setting the two reference select 
input pins. The correct frequency is set with the 
REFSEL[1 :O] inputs as shown in Table 6. 

The output clock frequency can be 155.52 MHz 
(STS-3), 311.04 MHz (STS-3 CMI), or 622.08 MHz 
(STS-12). The output frequency is set with the 
MODE[2:0] inputs as shown in Table 7. 

Pin Names Pin No Level VO Descr!f!!ion 
GND 31 Ground 

POCLK 32 TTUCMOS 0 Parallel Output Clock 

GND 33 Ground 

GND 34 - Ground 

GND 35 Ground 

TESTEN 36 TTL I Test Clock Enable 

GND 37 Ground 

REFSEL1 38 TTL I Reference Select 1 

GND 39 Ground 

REFSELO 40 TTL I Reference Select O 

GND 41 Ground 

GND 42 Ground 

GND 43 Ground 

TESTRST 44 TTL I Test Reset 

GND 45 Ground 

LCV 46 TTUCMOS 0 Line Code Violation 

GND 47 Ground 

FP 48 TTUCMOS 0 Frame Pulse 

GND 49 Ground 

50 

GND 51 Ground 

52 

GND 53 Ground 

54 
GND 55 Ground 

GND 56 Ground 

GND 57 Ground 

GND 58 Ground 

GND 59 Ground 

GND 60 Ground 

Applied Micro Circuits Corporation 
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To use the S3005 crystal oscillator as its reference, 
install jumpers on JPS and JP10. To use an external 
reference clock through the S3005 REFCLKP/N 
SMA connector, install jumpers on JP7 and JP9. To 
use the S3006 crystal oscillator as its reference, in
stall jumpers on JP3 and JPS. To use an external 
reference clock through the S3006 REFCLKP/N 
SMA connector, install jumpers on JP4 and JP6. 
(See Table 9, Jumpers.) 

LEDs 

The bank of 1 O LEDs (D1) display when the S3005/ 
S3006 chips are locked, and also light when the ap
propriate POUT is in the high state. The function of 
each LED is shown in Table 8, and is also labeled 
on the board. 

SMA Connectors 

SMA connectors provide input/output capability for a 
number of signals, including serial data 1/0 and ref
erence clocks. These connectors are labeled on the 
board and are also shown in Figure 1. 

Table 5. H4 Pin Description 

Pin 
Names Pin No. Level 1/0 

POUTO 1 TTtJCMOS Output 

POUTO 2 TTtJCMOS Output 

POUT1 3 TTUCMOS Output 

POUT1 4 TTtJCMOS Output 

POUT2 s TTtJCMOS Output 

POUT2 s TTtJCMOS Output 

POUT3 7 TTtJCMOS Output 

POUT3 8 TTUCMOS Output 

POUT4 9 TTUCMOS Output 

POUT4 10 TTUCMOS Output 

POUTS 11 TTUCMOS Output 

POUTS 12 TTUCMOS Output 

POUTS 13 TTtJCMOS Output 

POUTS 14 TTUCMOS Output 

POUT7 1S TTUCMOS Output 

POUT7 1S TTtJCMOS Output 

REFSEL1 17 TTL Input 

REFSEL1 18 TTL Input 

REFSELO 19 TTL Input 

REFSELO 20 TTL Input 

TESTRST 21 TTL Input 

TESTRST 22 TTL Input 

Applied Micro Circuits Corporation 
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Jumpers 

A number of jumpers allow the user to control vari
ous aspects of the characterization procedure. The 
function of each jumper is described in Table 9. 

Table 6. REFSEL Settings 
REFSEL1 REFSELO FREQUENCY 

0 0 19.44 MHz 

0 1 38.88MHz 

1 0 S1.84MHz 

1 1 n.76MHz 

Table 7. Output Clock Frequency Settings 
FREQ. BYPASS MODE NORMAL MODE 

(TESTEN= 1) (TESTEN=O) 
Mode2 Mode1 ModeO Mode2 Mode1 ModeO 

622.08 MHz 1 0 0 1 0 0 

311.04MHz 1 0 1 0 0 1 

1SS.S2MHz 1 1 0 0 1 0 

Description 
POUTO output (pin 14) of S3006 

Connected to H3 pin 2 

POUT1 output (pin 12) of S3006 

Connected to H3 pin 4 

POUT2 output (pin 10) of S300S 

Connected to H3 pin S 

POUT3 output (pin 9) of S300S 

Connected to H3 pin 8 

POUT4 output (pin 8) of S3006 

Connected to H3 pin 10 

POUTS output (pin S) of S300S 

Connected to H3 pin 12 

POUTS output (pin 3) of S3006 

Connected to H3 pin 14 

POUT7 output (pin 2) of S300S 

Connected to H3 pin 1 S 

Dip Switch S3 position 1 

Connected to H3 pin 38 

Dip Switch S3 position 2 

Connected to H3 pin 40 

Dip Switch S3 position 3 

Connected to H3 pin 44 

9-11 
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BIT ERROR RATE TEST PROCEDURE 

The following method is commonly used to run a 
serial Bit Error Rate (BER) test on the S3006 
device in STS-12 mode. This allows the use of a 
serial-ouVserial-in bit error rate tester to verify the 
PLL frequency/phase lock capabilities and jitter 
tolerance testing. 

1. Connect jumper wires between POUT[7:0] (H3 
pins 2, 4, 6, 8, 10, 12, 14, 16) on the S3006 and 
PIN[7:0] (H1 pins 38, 40, 44, 46, 48, 50, 52, 54) 
on the 83005. 
2. Connect a jumper wire between POCLK (H3 
pin 32) on the S3006 and PICLK (H1 pin 28) on 
the S3005. 

3. Connect the LLCLKP/N outputs of the 
S3006 to the REFCLKP/N inputs of the S3005 
using SMA cables. (Be sure that jumpers JP7 

Table 8. LEDs 
LED Function 

01·A TxLOCKOET 

01·B RxLOCKDET 

01·C POUTO 

01-0 POUT1 

01-E POUT2 

01-F POUT3 

01-G POUT4 

01-H POUTS 

01-1 POUTS 

01-.J POUT7 

9-12 

and JP9 are connected and jumpers JPS and 
JP1 O are disconnected, as required when the 
S3005 REFCLKP/N SMA connectors are used 
for an external reference.) 
4. Set TESTEN (H1 pin 26) on the 53005 High, to 
put the S3005 into bypass mode, which bypasses 
the PLL-generated clock source and enables the 
use of the REFCLKP/N as the bit rate clock input. 
(Note that in bypass mode, the frequency of the 
REFCLK must be appropriate for the desired data 
rate. Refer to the data sheet for more informa
tion.) Mode [2, 1, OJ should be 1, 0, O on both the 
S3005 and 83006. 

At this point, serial data can be directed to the 
S3006, the parallel output data from the S3006 can 
be wrapped back to the parallel inputs of the 83005, 
and the serial outputs of the S3005 can be monitored. 

Table 9. Jumpers 
Jumper Function 
JP1 Connects $3006 op-amp power supply to enable 

S3006 PLL to function 

JP2 Connects S3005 op-amp power supply to enable 
S3005 PLL to function 

JP3,JP5 Connects on-board XTAL oscillator to $3006 
REFCLK Inputs 

JP4,JP6 Connects REFCLKP/N SMA's to $3006 REFCLK 
Inputs 

JP7,JP9 Connects REFCLKP/N SMAs to $3005 REFCLK 
inputs 

JPS, JP10 Connects on-board XTAL oscillator to S3005 
REFCLK Inputs 

JPA,JPB Connects S3005/S3006 LOCKOET outputs to LEO 

Applied Micro Circuits Corporation 
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EVALUATION BOARD 
AMCC® 

53015/53016 EVALUATION BOARD 56006 

EVALUATION MANUAL 

The S6006 Evaluation Manual describes two evalua
tion boards that allow demonstration of AMCC's 
S3015/S3016 E4/STM-1/0C-3 SONET/SDH/ATM in
terface circuits. This document provides information 
on board contents and layout. It should be used in 
conjunction with the S3015/S3016 data sheet, which 
contains full technical details on chip operation. 

Figure 1 depicts a block diagram of circuit functional
ity. Power is supplied to the boards from external raw 
supplies connected through the on-board power con
nections. Connectors allow easy access to all of the 
interface signals on the S3015/S3016 chips. All re
quired external circuitry, including transformers and 
passive components, are provided on the boards. 
For additional detail on the interface circuitry or for 
applications examples, contact AMCC for the S3015/ 
S3016 "System Interface Application Note". 

Figure 1. Functional Block Diagram 
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ELECTRICAL CONNECTIONS 

Separate boards are provided for the S3015 and 
the S3016 chips. Layouts for both boards are de
picted in Figures 2 and 3, showing the location of 
connectors and components. The various connec
tions are described in the following sections. 

Power Connections 

Connections are provided on the board for ground 
and VCC. Refer to Table 1 for recommended oper
ating conditions. 

Figure 2. S3015 Board Layout 

Table 1. Power Connection 
Recommended Operating Conditions 

Power Supply Nominal Input Voltage 

vcc 5V 
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Cable Connections - Transmitter 

Two BNC connectors allow connection to the follow
ing two output signals. (See Figure 2 for locations.) 

TX_ CABLE_ OUTPUT. Transformer Output. Drives the 
G.703 specified 750 cable. The G.703 output mask 
can be measured at this point. A 750 SMB connector 
is included for impedance matching and easy inter
facing to a 750 cable. 

TX_MONITOR_OUTPUT. Transformer Output. Drives 
the monitor point as specified in G.703. This output is 
identical to the TX_OUT signal. A probe socket is 
included to allow for easy measurements of trans
former output. 

Figure 3. 53016 Board Layout 
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Cable Connections - Receiver 

A BNC connector allows connection to the following 
input signal. (See Figure 3 for location.) 

RX_CABLE_INPUT. Transformer Input. Receives the 
G.703 compliant signal. The G.703 input waveforms 
and loss-of-signal detection levels are specified at 
this connector. A 750 SMB connector is included for 
impedance matching and easy interfacing to a 750 
cable. 
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Overhead Processor Connections - Transmitter 

RESET. TIL Input. Initializes the 83015 to a known 
logic state. 

SERDATIP/N. Differential AC-coupled PECL. SMA 
connector that drives the serial data inputs to the CMI 
encoder circuit. This input should be supplied with 
NRZ data at the appropriate data rate. (See Table 2.) 

REFCKIN. TIL input. SMA connector that must be 
supplied with the correct reference clock frequency. 
(See Table 2.) Used by the 83015 to synthesize the 
serial clock. 

SERDATOP/N. Differential PECL. This output is the 
delayed version of the incoming data stream updated 
on the falling edge of SERCLKOP/N. 

SERCLKOP/N. Differential PECL. This output is 
phase-aligned with SERDATOP/N. 

Table 2. Operating Frequencies 
MODE REFCLK FREQ SERIAL DATA RATE 

IJBEFCKIN/~ MHz J..SERDATIP/N, TX_OUT_l Mblts/s 

STS-3CMI 19.44 155.52 

E4CMI 17.408 139.264 

DIP Switch - Transmitter 

An onboard DIP switch provides additional control ca
pability on the transmitter board. The following five 
signals are controlled by means of the DIP switch: 

SERDATEN. TIL input. Enables the loopback path 
from the S3015 to the S3016 via the S3015 
SERDATOP/N outputs ??? S3016 SERDATIP/N in
puts. The data from the SERDATIP/N inputs will be 
CMl-encoded and sent to the 83016, where it will be 
decoded and output on the SERDATOP/N pins. 

XFRMEN. TIL input. Enables the transformer outputs 
TX_OUT and MON_OUT. 

CMISEL. TIL input. Selects CMI or NRZ. Logic High 
selects CMI mode, and Logic Low selects NRZ mode. 

DLCV. Singled-ended PECL input. Only active in CMI 
mode. Set High to force a CMI line code violation. 

TSTCLKEN. TIL input. Enables the reference clock 
to be used instead of the VCO for testing, allowing a 
means of testing chip functions without the use of the 
PLL. 

Overhead Processor Connections - Receiver 

RESET. TIL Input. Initializes the 83016 to a known 
logic state. 

SERDATIP/N. Differential PECL. Clock is recovered 
from transitions on these inputs. 

9-16 

REFCKIN. TIL input. SMA connector that must be 
supplied with the correct reference clock frequency. 
(See Table 2.) Used by the S3016 to initialize the 
receive clock recovery PLL. The reference clock must 
be present during reset to guarantee initialization of 
the PLL circuits. 

SERDATOP/N. Differential AC-coupled PECL output. 
SMA connector that drives the decoded CMI data to 
the overhead processor. 

SERCLKOP/N. Differential PECL. This output is 
phase-aligned with SERDATOP/N. 

LOSOUT. TIL output. When High, this signal indi
cates that the clock recovery PLL is detecting valid 
data at the serial data inputs and is attempting to lock 
to it. When Low, the clock recovery PLL is locked to 
REFCKIN. 

REFCKOUT. TIL input. Clock output that is at the 
same frequency as the REFCKIN input. 

DIP Switch - Receiver 

An onboard DIP switch provides additional control ca
pability on the receiver board. The following four sig
nals are controlled by means of the DIP switch: 

LOSOPT. PECL. Active Low. This input is driven by 
the external optical receiver module to indicate a loss 
of received optical power. 

CMISEL. TIL input. A Logic High selects CMI mode; 
a Logic Low selects NRZ. 

EQUALSEL. TTL input. A Logic High selects 
ANDATIN. A Logic Low selects SERDATIP/N. 

TSTCLKEN. TIL. Active High. Enables the reference 
clock to be used in place of the VCO for testing. 
Allows a way to test the chip without the use of the 
PLL. 

CRYSTAL REFERENCE 

A 19.44 MHz or a 17.408 MHz differential ECL crystal 
oscillator can be used for the reference clock. One 
19.44 MHz crystal is provided on each board. If a 
17.408 MHz reference frequency is needed, AMCC 
can recommend crystal vendors. 

JUMPER CONFIGURATION 

The jumpers labeled JP1 on both boards allow the 
user to control whether an onboard crystal reference 
or external clock reference is used (see Crystal Ref
erence above). Jumper A is installed when an exter
nal reference is used, and Jumper B is installed when 
the onboard crystal reference is used. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 
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OVERVIEW 

The 86007 Evaluation Manual describes two evalua
tion boards that allow demonstration of AMCC's 
83017 and 83018 STM-4/0C-12 SONET/SDH/ATM 
interface circuits. This document provides information 
on board contents and layout. It should be used in 
conjunction with the S3017/S3018 data sheet, which 
contains full technical details on chip operation. 

Figure 1 depicts a block diagram of board connectivity 
for parallel input to parallel output evaluation, while 
Figure 2 illustrates the connectivity required for serial 
input to serial output evaluation. Power is supplied to 
the boards from external supplies connected through 
the on-board power connectors. Connectors and dip 
switches allow easy access to all of the interface sig
nals on the S3017/S3018 chips. All required external 
circuitry, including translation buffers and all passive 
components, are included on the boards. 

Separate boards are provided for the 83017 and the 
83018 chips. Layouts for both boards are depicted in 
Figures 3 and 4, showing the location of connectors, 
dip switches and components. 

Power Connections 

Connections are provided on the board for VCC, 
ground (GND) and output buffer supplies VCC016 
and VEE016. VCC016 and VEE016 are used for level 
translation between the 83017 device and external 
test equipment or other standard ECL or +5V Refer
enced ECL interface circuitry. The buffers that inter
face to the 83017 and 83018 inputs AC couple and 
translate between standard ECL and/or +5V refer
enced ECL to supply the correct +5v referenced ECL 
levels to the devices. Table 1 illustrates the nominal 
input voltages for VCC and GND, and gives three pos
sible configurations (vertically aligned) for powering 
up VCC016 and VEE 016. 

Table 1. Power Connections for Test Equipment 
Interface 

Power Supply Nominal Input Voltage 

vcc 5.0V 

GND o.ov 
VCC016 2.0V 15.0V I O.OV 

VEE016 -3.0V I O.OV I -5.0V 

Figure 1. S3017 ln/S3018 Out Parallel Interface Setup Block Diagram 
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53017 Signals 

A top level view of the 83017 board is illustrated in 
Figure 3. The dip switch labeled 81 provides access 
to all of the 83017 control signals, while Header H1 
and dip switch 82 provide access to the TTL input sig
nals PIN[7:0]. the parallel input clock PICLK and the 
output clock PCLK. The OFF position on the dip 
switches corresponds to a logic 0, while the ON posi
tion corresponds to a logic 1. 

When it is desired to evaluate the 83017 in a stand
alone mode, jumper H1-A to H1-B for signals PIN[7:0] 
and jumper PCLK (H1-8) to PICLK (H1-8). In this 
configuration, the PIN[7:0] inputs can be controlled 
using the dip switch 82. 

When it is desired to interface the 83017 to the 
S3018 for testing parameters such as jitter tolerance 
(serial into the S3018, parallel out fed back to the par
allel inputs of the S3017 and then monitoring the 
serial output of the S3017), connect the QC-1 jumper 
block that is included with the board, as shown in Fig
ure 2. 

When the RSTB push button switch is depressed, the 
S3017 goes into RESET mode and the part will 
remain in this mode until the button is released. 

53018 Signals 

A top level view of the S3018 board is illustrated in 
Figure 4. The dip switch labeled S3 provides access 
to all of the S3018 control signals, while Header H2 
and LED bank U 1 provide access to the TTL output 
signals POUT[7:0]. the output clock POCLK and the 
LOCKDET output. 

When it is desired to evaluate the S3018 in a stand
alone mode, jumper header pins H2-B to H2-C for all 
of the POUT· pins and the LEDs will turn on for each 
occurrence of a 1 and off for each occurrence of a 0. 
Another option is to create a ribbon cable or to use 
single discrete cables attached to the header H2-B 
pins and then connect the TTL outputs to a 80NET 
analyzer or a standard logic analyzer. 

When it is desired to interface the S3018 to the S3017 
for testing parameters such as jitter tolerance (serial 
into the S3018, parallel out fed back to the parallel 
inputs of the S3017 and then monitoring the serial 
outputs of the S3017), connect the QC-1 jumper 
block that is included with the board, as shown in Fig
ure 2. 

When the RSTB push button switch is depressed, the 
S3017 goes into RESET mode and the part will 
remain in this mode until the button is released. 

Figure 2. S3018 In - S3017 Out Serial Interface Setup - Block Diagram 
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CRYSTAL REFERENCES AND CLOCK 
GENERATION 

19.44 MHz or 77. 76 MHz differential ECL crystal 
oscillators with 100-ppm stability should be used for 
the reference clocks. 

Figure 3. 53017 Board Layout 

One 77.76 MHz crystal is provided for each board. If 
19.44 MHz crystals are needed, AMCC can recom
mend crystal vendors. 
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JUMPER CONFIGURATION 

The jumpers labeled J1 - J4 on both boards allow the 
user to control whether an on-board crystal reference 
or external clock reference is used. Jumpers J1 and 
J2 must be installed when an external reference is 
used (input into the REFCLKP/N SMAs), while jump
ers J3 and J4 must be installed to use the on-board 
crystal reference. 

Figure 4. 53018 Board Layout 

_!_ 
XTALCJ 

T 
A H2 

B C 
@POCLK 

0 0 
@ REFCLKN 

0 0 
~JI 

~J2@ 
0 0 
@ REFCLKP 

0 0 

@ @POUTI 
@@ 
@@ 
@@ 
@@ 
@@ 
@@ 
@ @POUTO 

I L-mLED DISPLAY 
L-:.::: FROM 3018 

I 

~ 

SMA CONNECTIONS 

SMA connections provide inpuVoutput capability for a 
number of signals, including all serial data 1/0 and the 
reference clocks. All of these connectors are labelled 
on the boards and are also shown in Figures 3 and 4. 
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DESCRIPTION 

The S3025 Evaluation Board provides a flexible plat
form for verifying the operation of the S3025 clock 
recovery unit. This data sheet provides information on 
board contents and layout. It should be used in con
junction with the S3025 data sheet, which contains 
full technical details on chip operation. 

The S3025 board is factory configured as "option A" 
allowing control of the serial output clock during inac
tive input via the SQELCHN signal (SW2). Option A 
allows operation of the S3025 with the on-board 
12.96 MHz crystal and the internal on-chip oscillator. 

Figure1. Board Layout 

ELECTRICAL CONNECTIONS 

Power Connections 

Terminal posts are provided at the top edge of the 
board allowing separate control of voltage levels for 
the input signal termination, the S3025 itself, the 
S3025 output terminations, and the AC coupled out
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The buffers AC couple and translate between the 
external test equipment environment or other stan
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high performance oscilloscopes and spectrum ana
lyzers as well as the standard ECL 1/0 of serial Bit 
Error Rate Testers (BERT testers) and Jitter Analyz
ers. Table 1 illustrates the nominal input voltages for 
1/P Vtt, OUT Vee and O/P Vee. The options for BUF 
Vee and BUF Vee are paired vertically. 

Figure 1. Board Layout 

Power Supply Nominal Input Voltage 

1/PVTT OV I -2.0V 1+3V 

DUTVCC 5.0V 

GND o.ov 
O/PVTT 3.0V 

BUFVEE -3.0V I O.OV I -5.0V 

BUFVCC 2.0V I 5.0V I O.OV 

SMA Connectors 

Twelve coaxial SMA connectors are provided for the 
differential serial data input/output signals and output 
clock. An additional SMA connector is provided for an 
optional external reference clock. (See Figure 1 for 
locations.) 

Serial Data In [SERDATIP/N] -- Buffered Differential 
AC coupled PECL. Clock is recovered from the tran
sitions on these inputs. On-board termination of 50 
Ohms to l/P Vtt is provided, allowing proper termina
tion of PECL, ECL, or ground terminated data 
sources. 

SMA connectors are also provided for unbuffered 
access to the differential PECL SERDATIP/N inputs 
of the S3025. 100 Ohm line-to-line termination is pro
vided. 

Serial Data Out [SERDATOP/N] -- Buffered Differen
tial PECL outputs. The delayed version of the input 
serial data re-timed by the recovered Serial Clock. 
The buffered outputs can drive PECL, ECL, or ground 
terminated instrument inputs. Driven inputs must pro
vide a 50 Ohm DC termination to the respective refer
ence. These are the recommended outputs for 
connection of the Evaluation Board to monitoring 
instrumentation. 
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Serial Clock Out [SERCLKOP/N] -- Buffered Differ
ential PECL outputs. The recovered serial clock, with 
the rising edge of SERCLKP centered in the SER
DATOP/N bit period. The buffered outputs can drive 
PECL, ECL, or ground terminated instrument inputs. 
Driven inputs must provide a 50 Ohm DC termination 
to the respective reference. These are the recom
mended outputs for connection of the Evaluation 
Board to monitoring instrumentation. 

SMA connectors are also provided for access to the 
unbuffered SERDATOP/N and SERCLKOP/N out
puts. These are PECL signal level outputs, and are 
factory configured with on-board termination of 50 
Ohms to O/P Vtt. 

Note: Extensive use of the Unbuffered inputs and out
puts exposes the Evaluation Board to increased risks 
of ESD damage. Accurate measurement also 
requires the removal of on-board zero Ohm jumpers 
for correct impedance matching to external 50 Ohm 
cabling and instrumentation. Please consult AMCC 
for appropriate in-factory re-configuration. 

DIP SWITCH 

The four element DIP Switch allows control of the 
static inputs of the S3025. The OFF (open) condition 
of the DIP switch asserts a logic high on the assigned 
signal, and the ON condition asserts a logic low. In 
option A, SW2 controls the SQELCHN input. OFF 
allows the SERCLKOP/N to continue running refer
enced to the 12.96 MHz crystal during Loss of Signal 
or ot of lock conditions. 

SW3 of the DIP switch controls the PECL SON input. 
OFF allows the S3025 to recover clock from the serial 
data stream. ON will force the S3025 to lock to the 
reference clock. 

LOCKREFN when ON will also force the S3025 to 
lock to the reference clock. 

BYPASS should be ON for normal operation. 

Applied Micro Circuits Corporation 
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DESCRIPTION 

The S3026 Evaluation Board provides a flexible plat
form for verifying the operation of the S3026 clock 
recovery unit. This data sheet provides information on 
board contents and layout. It should be used in con
junction with the S3026 data sheet, which contains 
full technical details on chip operation. 

The S3026 board is factory configured as "option B" 
allowing control of the operating speed via the MODE 
signal (SW2) and providing a test point to monitor the 
LOCKDET output. Option B allows operation of the 
S3026 with either the on-board TTL crystal oscillator 

Figure1. Board Layout 
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dard ECL and/or +5V Referenced ECL systems to 
supply the correct +5V Referenced ECL to the 
device. The separately powered output buffers allow 
easy connection to the 50 Ohm to ground inputs of 
high performance oscilloscopes and spectrum ana
lyzers as well as the standard ECL 1/0 of serial Bit 
Error Rate Testers (BERT testers) and Jitter Analyz
ers. Table 1 illustrates the nominal input voltages for 
l/P Vtt, OUT Vee and O/P Vee. The options for BUF 
Vee and BUF Vee are paired vertically. 

Figure 1. Power Connection for OUT and Test 
Equipment Interface 

Power Supply Nominal Input Voltage 

1/PVTT OV I -2.0V 1+3V 

DUTVCC 5.0V 

GND o.ov. 
O/PVTI 3.0V 

BUFVEE -3.0V I O.OV I -5.0V 

BUFVCC 2.0V I 5.0V I O.OV 

SMA Connectors 

Twelve coaxial SMA connectors are provided for the 
differential serial data input/output signals and output 
clock. An additional SMA connector is provided for an 
optional external reference clock. (See Figure 1 for 
locations.) 

Serial Data In [SERDATIP/N] -- Buffered Differential 
AC coupled PECL. Clock is recovered from the tran
sitions on these inputs. On-board termination of 50 
Ohms to l/P Vtt is provided, allowing proper termina
tion of PECL, ECL, or ground terminated data 
sources. 

SMA connectors are also provided for unbuffered 
access to the differential PECL SERDATIP/N inputs 
of the S3026. 100 Ohm line-to-line termination is pro
vided. 

Serial Data Out [SERDATOP/N] -- Buffered Differen
tial PECL outputs. The delayed version of the input 
serial data re-timed by the recovered Serial Clock. 
The buffered outputs can drive PECL, ECL, or ground 
terminated instrument inputs. Driven inputs must pro
vide a 50 Ohm DC termination to the respective refer
ence. These are the recommended outputs for 
connection of the Evaluation Board to monitoring 
instrumentation. 

9-24 

Serial Clock Out [SERCLKOP/N] -- Buffered Differ
ential PECL outputs. The recovered serial clock, with 
the rising edge of SERCLKP centered in the SER
DATOP/N bit period. The buffered outputs can drive 
PECL, ECL, or ground terminated instrument inputs. 
Driven inputs must provide a 50 Ohm DC termination 
to the respective reference. These are the recom
mended outputs for connection of the Evaluation 
Board to monitoring instrumentation. 

SMA connectors are also provided for access to the 
unbuffered SERDATOP/N and SERCLKOP/N out
puts. These are PECL signal level outputs, and are 
factory configured with on-board termination of 50 
Ohms to O/P Vtt. 

Note: Extensive use of the Unbuffered inputs and out
puts exposes the Evaluation Board to increased risks 
of ESD damage. Accurate measurement also 
requires the removal of on-board zero Ohm jumpers 
for correct impedance matching to external 50 Ohm 
cabling and instrumentation. Please consult AMCC 
for appropriate in-factory re-configuration. 

Reference Clock [REFCLK 1/P] -- TIL input provid
ing access to the TTLREF input of the S3026. This 
input allows operation at other than the two available 
SONET/SDH data rates. The provided TTL Crystal 
Oscillator must be removed if use of an external refer
ence is desired. This connector can also be used to 
monitor the provided TTL Oscillator output. 

Lock Detect [LOCKDET] -- PECL output (Test Point) 
In addition to the SMA connectors, the LOCKDET 
output is available on a test pin post for monitoring 
with a high impedance DVM or scope probe. 

DIP SWITCH 

The four element DIP Switch allows control of the 
static inputs of the S3026. The OFF (open) condition 
of the DIP switch asserts a logic high on the assigned 
signal, and the ON condition asserts a logic low. In 
option B SW2 controls the MODE input. OFF allows 
operation at 622.08 Mbit/s, ON selects 155.52 Mbit/s. 

SW3 of the DIP switch controls the PECL SON input. 
ON allows the S3026 to recover clock from the serial 
data stream. OFF will force the S3026 to lock to the 
reference clock. 

LOCKREFN when ON will also force the S3026 to 
lock to the reference clock. 

BYPASS should be ON for normal operation. 

Applied Micro Circuits Corporation 
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PRELIMINARY 
REFERENCE DESIGN AMCC® 

SONET/SDH/ATM OC-12TRANSCEIVER EVALUATION BOARD 53028 

DESCRIPTION 

The S3028 Evaluation Board provides a flexible plat
form for verifying the operation of the S3028 trans
ceiver interface circuit. This data sheet provides 
information on board contents and layout. It should be 
used in conjunction with the S3028 data sheet, which 
contains full technical details on chip operation. 

Figure 1 shows the placement of the principle compo
nents and user accessible interface and control 
points. On-board isolation buffers and terminations 
are represented schematically. The Evaluation Board 
can be configured for operation with either the S3026 

Figure1. Board Layout 

Clock Recovery Unit or with buffered access to the 
serial data and clock inputs of the S3028. . The 
S3026 in turn can be operated using the on-board 
19MCK output of the S3028 for its TTLREF refer
ence, or an external reference can be supplied via the 
S3026 EXTCLK input. 

ELECTRICAL CONNECTIONS 

Power Connections 

Terminal posts are provided at the top edge of the 
board allowing separate control of voltage levels for 
the input signal termination, the S3028 and the 
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53026, the 53028 output terminations, and the AC 
coupled output buffers. 

The buffers AC couple and translate between the 
external test equipment environment or other stan
dard ECL and/or +5V Referenced ECL systems to 
supply the correct +5V Referenced ECL to the 
device. The separately powered output buffers allow 
easy connection to the 50 Ohm to ground inputs of 
high performance oscilloscopes and spectrum ana
lyzers as well as the standard ECL 1/0 of serial Bit 
Error Rate Testers (BERT testers) and Jitter Analyz
ers. Table 1 illustrates the nominal input voltages for 
DUT Vee and O/P Vee. The options for BUF Vee and 
BUF Vee are paired vertically. 

Table 1: Power Connections for OUT and Test 
Equipment Interface 

Power Supply Nominal Input Voltage 

DUTVCC 5.0V 

GND o.ov 
O/PVTT 3.0V 

BUFVEE -3.0V I O.OV I -5.0V 

BUFVCC 2.0V I 5.0V I O.OV 

SMA Connectors 

Ten coaxial 5MA connectors are provided for the dif
ferential serial data input/output signals and output 
clock. Additional SMA connectors are provided for an 
optional differential serial input clock, the external 
TTL reference clock and the optional external Parallel 
Input clock. (See Figure 1 for locations.) 

Receive Serial Data [RSDP/N] -- Buffered Differen
tial AC coupled PECL inputs. Jumper options connect 
the buffered signal to the on-board 53026 where 
serial clock is recovered from the transitions on these 
inputs, or directly to the serial data inputs of the 
53028. On-board termination of 330 Ohms to GND is 
provided. 

These inputs can also be directly connected to the 
R5DP/N inputs of the 53028 via alternate jumper 
options. In this mode the R5CLKP/N inputs must be 
provided with a correctly aligned serial clock. 

Receive Serial Clock [RSCLKP/N] -- Buffered Dif
ferential AC coupled PECL inputs. These inputs are 
not used if the 53026 is serving as the clock recovery 
device. As stated above, jumper options connect the 
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buffered output directly to the R5CLKP/N inputs of 
the 53028 if the 53026 is not used. 

Transmit Serial Data Out [TSDP/N] -- Buffered Dif
ferential PECL outputs. The serial output data stream 
from the transmitter section of the 53028. The buff
ered outputs can drive PECL, ECL, or ground termi
nated instrument inputs. Driven inputs must provide a 
50 Ohm DC termination to the respective reference. 

Transmit Clock Output [TSCLKP/N] -- Buffered Dif
ferential PECL outputs. The Transmit serial clock that 
can be used to re-time the T5DP/N signal. The buff
ered outputs can drive PECL, ECL, or ground termi
nated instrument inputs. Driven inputs must provide a 
50 Ohm DC termination to the respective reference. 

External PICLK [EXT PICLK] -- TTL input. user 
jumper selectable source for parallel input clock to the 
transmitter section. Used when an external data 
source is driving the PIN[7:0) parallel data inputs. 

S3026 External Reference [S3026 EXT CLK] -- TTL 
input. jumper selectable source for the reference 
clock for the 53026 Clock Recovery Unit. jumpers 
select between this input and the 19MCK reference 
provided by the 53028. 

Reference Clock [REFCLKP/N] -- Buffered Differen
tial AC coupled PECL inputs. These inputs must be 
provided with a differential ECL/PECL clock of 19.44 
MHz, 38.8 MHz, 51.84 MHz or 77. 76 MHz as selected 
by the REF5EL[1 :OJ switches of the 12 section DIP 
switch. 

Parallel VO Header Terminals 

The parallel input and output data to and from the 
53028 transceiver are available at 4 x 9 pin header 
array at the right edge of the Evaluation board. Figure 
1 identifies the two columns of signal pins. Ground pin 
columns are also provided to allow connection with 
0.1" grid shielded ribbon cable to parallel data 
sources and data analyzers. 

User selectable jumpers also allow the received par
allel data (POUT[7:0)) and the received word clock 
(POCLK) to be directly connected to the transmitter 
parallel data inputs (PIN[7:0)) and the parallel input 
clock (PICLK). In this mode the POCLK should be 
connected to the REFCLKP input via the on-board 
jumper, and when the 53026 is installed the 53026 
EXT CLK m..um be used for the 53026 reference. 
Note: The board must be supplied with an external 

Applied Micro Circuits Corporation 
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reference via REFCLKP/N, S3026 EXT CLK or 
RSCLKP/N for proper operation. 

A separate 6 pin header is also provided for four addi
tional signals. The four signals are identified in Figure 
1 as: 

Parallel Clock [PCLK] -- TIL output. The word rate 
output reference from the transmitter PLL. This output 
is used to coordinate byte-wide transfers via the par
allel data bus. 

Frame Pulse [FP] -- TTL output. Indicates detection 
of the SONET/SDH framing pattern. 

Lock Detect [LOCKDET] -- TIL output. Indicates 
that the transmitter PLL is properly locked to the ref
erence clock input. 

19 MHz Clock Output [19MCK] -- TIL output. A 
19.44 MHz output derived from the 83028 PLL avail
able at the header pin for monitoring, and jumper con
nectable internally for use as a reference by the 
S3026. Note: this reference mode is not recom
mended when operating in the parallel loopback 
mode. 

Ground pins are provided adjacent to the PCLK and 
19MCK pins to allow shielded or twisted pair connec
tion to these clocking signals. 

DIP SWITCHS 

The Evaluation Board is equipped with two DIP 
switch arrays, one four station array and one twelve 
station array, to control the static control functions of 

Applied Micro Circuits Corporation 
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the on-board devices. For both arrays the OFF (open) 
condition of the DIP switch asserts a logic low on the 
assigned signal, and the ON condition asserts a logic 
high. 

The four section DIP Switch allows control of the 
static inputs of the S3026. The SON switch, when 
OFF allows the S3026 to recover clock from the serial 
data stream. ON will force the S3026 to lock to the 
reference clock. 

BYPASS should be OFF for normal operation. 

LOCKREFN when OFF will also force the S3026 to 
lock to the reference clock. should be ON for clock 
recovery operation. 

The MODE switch, when ON allows operation at 
622.08 Mbit/s. OFF selects 155.52 Mbit/s. 

The twelve section DIP switch control the operating 
modes of the S3028. Please note that is generally 
advisable to operate the S3028 and the S3026 in sim
ilar or at least compatible modes. If the POCLK from 
the receiver is being used as the reference clock for 
the transmitter, the REFSEL[1 :OJ switches must be 
set to the same frequency as the word rate deter
mined by the BUSWIDTH and MODE switches for the 
S3028 and the MODE switch for the S3026. 

RESETB Pushbutton Switch -- This momentary 
contact switch controls the master reset of the S3028. 

Please refer to the S3028 data sheet for details of the 
specific control functions. Again, OFF is logic low and 
ON is logic high for the DIP switches. 
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APPLICATION NOTE 

E4 FRAMING CIRCUIT DESIGN 

The S3005/S3006 parts can be used to implement 
serializer/deserializer CMI encode/decode and the 
clock synthesis/recovery functions for the CCITT 
PDH E4 standard. In E4 (CMI) mode, however, the 
framing of the 8-bit data bus is not performed in the 
logic of the S3006. This application note explains 
how this logic can be designed in the adjacent con
troller device. The logic functions and frequency of 
operation will allow the function to be implemented in 
a FPGA device or a CMOS ASIC. 

Framing Pattern 

The E4 Frame Detect block decodes the 
111110100000 pattern for compliance to the E4 
standard. 

General Design 

The S3006 parallel output data is sampled in each of 
eight possible alignments until the correct framing 
pattern and sequence is seen. When the correct 
framing pattern is detected by the E4 frame detect 
block the 8:1 multiplexer selection is "frozen" and the 
correctly framed data will be presented in the frame 
register. This circuit will frame (assuming no bit er
rors) in a single frame. Additional filter logic can be 

Figure 1. E4 Framing Block Diagram 

AMCC® 
E4 FRAMING 

added to look for 3 consecutive "correct" framing 
patterns before declaring frame sync. In addition, the 
frame detect logic should be monitored to verify that 
correct framing sequences are being seen after 
frame sync is achieved. If correct framing sequences 
are not detected then the frame search logic should 
be enabled again. 

The circuit as shown in Figure 1 consists of an input 
register, eight 8:1 multiplexers, the multiplexer select 
logic, and the E4 frame pattern detect logic. The timing 
of the circuit is done using the S3006 POCLK which 
is operating at 17 MHz. Data is clocked into the input 
register from the POUT data lines of the S3006. The 
data is then routed to the 8:1 multiplexers which se
lect the eight possible byte alignments. The frame 
register contains the data to be examined for correct 
frame alignment by the E4 frame detect logic. The 
frame detect logic detects all of the possible byte 
alignments of the E4 framing pattern. When the FA 
pattern is detected, the multiplexer selection is then 
"frozen" and the additional 0X pattern is checked 
before declaring frame sync. The detailed circuit design 
and timing diagrams are shown in Figures 2 and 3. 
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BLOCK DESCRIPTIONS 

Input Register: 15-bit register which holds all the 
possible positions of the unframed data. The bit po
sition of the data in this register is dependent on the 
random alignment of the data outputs of the $3006. 

8:1 Multiplexers: These eight multiplexers select the 
data alignment to be clocked into the data register. 

Frame Detect: These are 8 wide decoders which 
decode the 111110100000 E4 framing pattern. The 
inputs are connected to each of the eight possible 
locations of the framing pattern. 

Figure 2. Detailed Schematics of E4 Framing Circuit 
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Multiplexer Select Logic: This block takes in the 
results of all the decoder blocks and outputs the cor
rect 8:1 multiplexer select values. 

Data Register: This block contains the correctly 
framed data after frame alignment has occurred. 
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Figure 2. Detailed Schematics of E4 Framing Circuit (Continued) 
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Figure 2. Detailed Schematics of E4 Framing Circuit (Continued) 

Figure 3. Timing Diagrams for E4 Framing Circuit 
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APPLICATION NOTE 

WHAT IS LOCK DETECT? 

"Lock detect" is the term used to describe the state 
achieved when a phase-locked loop (PLL) has suc
cessfully aligned with an external input signal. All of 
AMCC's data communications and telecommunica
tions parts incorporate a lock detect feature. 

WHY HAVE LOCK DETECT? 

AMCC lock detect implementation techniques allow 
the PLL to retain its lock to the reference clock even 
in the absence of data. In our clock recovery units, if 
the lock to the input data stream is lost for any rea
son, the PLL will immediately lock to the external 
clock reference, thus ensuring that any parts requir
ing downstream clocking are not disturbed by the 
loss of lock. 

HOW DOES AMCC IMPLEMENT 
LOCK DETECT? 

Clock Recovery 

The clock recovery units (CRUs) on AMCC datacom 
and telecom receiver chips implement the lock detect 
feature. The Lock Detect output signal indicates 
whether or not the PLL is locked to the serial data. 
This signal has several uses. It: 

• Validates the data output to the 1/0 subsystem. 
That is, if Lock Detect is false, then the data 
output cannot be depended on for valid bit error 
rates. 

• Provides an indicator of bad/no data present at 
the serial data inputs. 

• Guarantees continuous downstream clocking 
with no "glitches" in the Word Clock signal. 
When the PLL is out of lock, the Word Clock 
frequency is based on the reference clock. (In a 
CRU without a reference clock and lock detect, 
the Word Clock signal would either go to an 
erroneous frequency, glitch, or stop when the 
part went out of lock.) 

The lock detect function on all AMCC parts is opti
mized for the particular application. The clock 
recovery macro decides whether to acquire lock to 
the serial data inputs or the reference clock inputs, 
based on a simple state machine. This state machine 
makes its decision based on the run length and tran
sition density of the serial data inputs-it 
continuously examines the data stream and monitors 
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the number of edges in a given number of data 
cycles. The lock detect criteria for all AMCC CRU 
parts are shown in Table 1. If the run length and 
transition density checks are satisfied, PLL control is 
transferred to the serial data. The $3012 raises the 
lock detect signal at this point. For all other AMCC 
receiver chips the lock detect signal goes high after 
approximately 2000 serial clock cycles. (These 2000 
serial clock cycles are required in order to guarantee 
that the recovered clock is centered in the eye open
ing of the received data.) During that 2000 serial 
clock cycle time, the serial data is provided by the 
CRU, but it exhibits a bit error rate which initially 
exceeds the 10-12 requirement. 

If at any time during the reception of data the run 
length or transition density checks are violated, the 
state machine will force the PLL to lock to the refer
ence clock. The Lock Detect signal will go low when 
this occurs. This guarantees that the PLL will main
tain the correct frequency in the absence of data. 

Table 1. Data Lock Criteria 

53006 12.5% 64 bit 

53012 12.5% 96 bit 

53014 12.5% 128 bit 

Clock Synthesis 

AMCC transmitters also implement a lock detect fea
ture in their clock synthesis macros. Here, the Lock 
Detect output signal indicates that the PLL is locked 
to the reference clock. This signal has two primary 
uses. It: 

• Validates the Word Clock output to the 1/0 
subsystem. That is, if Lock Detect is false, then 
the Word Clock outputs should not be depended 
on for valid frequency. 

• Provides an indicator of bad/no clock present at 
the reference clock inputs, implying that the 
reference clock oscillator should be checked for 
malfunction. 

• Confirms that phase error is < 5%. 
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APPLICATIONS NOTE 

PLL Board Layout Guidelines 

Phase Locked Loops are sensitive to noise on input signals and power supplies. When PLLs 
are closely associated with digital logic, as in AMCC's ASSPs with PLLs and PLL arrays, care 
must be taken to protect the analog portions of the circuit from the effects of noise sources both 
on-chip and on neighboring devices. The isolation of on-chip noise sources is a key concern 
during the design and layout of the device. All isolation depends on careful board layout for 
optimum performance. 

AMCC's circuits have specific requirements for the isolation and decoupling of the signal and 
power pins associated with the analog functions of the Phase Locked Loop. In addition, external 
loop filter capacitors are used on all PLLs. While this capacitor is mounted on the package for 
the standard 68 LDCC and 100 LDCC, the PLCC and PQFP!TEP packages use dedicated 
signal pins and board mounted capacitors. 

Analog vs Digital Power Supply Hookup 

The analog power and ground pins of a packaged ASSP or PLL array supply individual 
functional elements within the phase locked loop. This allows these elements to be isolated 
from each other as well as from the general purpose digital logic section. 

On some products, this separate assignment is indicated by the naming convention for the 
analog power and ground pins. In a mixed voltage part the assignment is: 

AGNDO/AVEEO -------Loop Filter 

AGND1/AVEE1 ------- VCO 

AGND2/AVEE2 ------- Phase Detector and Serial Input Buffers 

AGND3/AVEE3 -------Bit and Byte Clock Dividers 

AGND4/AVEE4 ------- Serial Output Buffers 

This is the general assignment of the major functional elements. Depending on the 
complexity of a given PLL function, additional logic for loop initialization, activity and lock 
detection and test/bypass modes can be included, usually powered by AGND3/AVEE3. 

Since the PLL function is isolated in approximately the top10% to 25% of the device, these 
uniquely named pins appear ''wrapped" around one side of the package. This can be seen in 
Figure 1, a representative, although hypothetical PLL array in a Leaded Chip Carrier (LDCC) 
package. 

Of these pin pairs, AGND3/AVEE3 is the least sensitive to AC noise but is the most sensitive 
to DC offsets with respect to the general logic portions of the device, since serial clocks, data 
and control information must cross this boundary. Communication with the other PLL functional 
sections is by differential signals. 
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APPLICATIONS NOTE 
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Figure 1. 

The remaining power and ground pins serve the general purpose digital portion of the array 
and are treated in the same manner as on conventional ASIC and ASSP devices. The core and 
1/0 supplies are separately identified in order that specific noise generators such as TTL out
puts can be decoupled. The TTLVCC (usually +5 volts) and TTLGND (usually 0 volts) supply 
the totem pole current for TTL outputs. In addition, devices such as serial receivers may have 
parallel output busses of as many as 32 signals. On those devices additional power pins 
labeled ITPWR and ITGND are provided. These pins must all be provided with sufficient decou
pling in order to prevent the noise generated by simultaneous switching (FFFF to 0000 on a 32 
bit bus) from affecting the PLL functional elements. 
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APPLICATIONS NOTE 

Placement of Capacitors and Inductors 

Decoupling should be applied on a per-pin basis. Ceramic chip capacitors, ferrite beads and 
surface mount ferrite beads should be used. 

DC voltage differentials between Analog VEE and Digital VEE should be minimized. When so 
identified, AVEEO, 1 and 2 should be no more than 250 mv from Digital VEE. Use one inductor 
per AVEE pin to minimize the DC drop due to current in the PLL circuitry. It is recommended that 
the DC resistance of the inductors should be 1 Ohm or less and the AC impedance should be 
on the order of 50 Ohms at 20MHz. Suggested inductors include Murata BLM32A06 or Mouser 
P/N 542FB73-226 Ferrite bead. AVEE3 and AVEE4 should not use inductors, but capacitive 
decoupling should be provided for AVEE4. 

*When separately identified, AVEE3 which drives the PLL digital logic, should be connected 
directly to the Digital VEE plane. The voltage differential between AVEE3 and Digital VEE 
should be no greater than 20mv. 
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APPLICATIONS NOTE 

High Freq/Low Freq Decoupling 

Capacitors shown in the drawing should use paralleled 1 OOpF/0.1 µF ceramic chip capacitors 
for broadband decoupling. X7R or BX dielectric is acceptable. 

These decoupling networks are in addition to the decoupling of the Digital power pins 
required in good design practice, ie 0.01 to 0.1 µF per core or 1/0 power pin and 1 µF/watt of 
low frequency within 1 cm of the device. 

Placement of External Filter components 

ASSPs with PLLs and PLL arrays in plastic, TEP, or the 132 LDCC packages require the 
external capacitor for the loop filter to be placed on the circuit board. These pins are called out 
as CAP1 and CAP2. These connections control the internal VCO and are sensitive to coupled 
noise at the nanovolt level. Ground ring isolation should be used to isolate this capacitor from 
board traces carrying switching signals or power/ground supply currents. There should be only 
one connection point to the ring to avoid voltage gradients across the ring. 

Ground Ring 

I 

Figure 3. 

For PLL designs where package and pin-outs allow it, ground or n/c pins should be used to 
allow a complete ground ring to be implemented. This is particularly critical on fine pin-pitch 
packages. The ground ring should be tied to a quiet ground plane, not a current carrying bus. 
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APPLICATIONS NOTE 

Signal Termination and Line Impedance 

ASSPs and PLL arrays must be capable of transmitting and receiving high bandwidth serial 
data signals with a minimum of induced or applied error in the phase and time domain. 
Reflected signals from impedance mismatches at the package/pcb boundary, as well as those 
due to poor placement of terminating impedances can be as damaging to system performance 
as violation of the decoupling and layout guidelines described above. 

AMCC uses source-terminated outputs for serial data and clocking signals above 500 Mb/s 
or 500 MHz. The 50 Ohm output impedance on the die matches the impedance of the dedicated 
package trace. This uniform impedance should be matched to the circuit board trace to 
minimize reflections. Since these critical outputs are differential, the board traces should also be 
carefully matched for electrical length (propagation delay). For example, a length mismatch of 2 
cm due to accumulated "bends" in a pair of parallel 50 Ohm traces could result in a 6% duty 
cycle distortion in a 1 Gb/sec signal. 

The corresponding high bandwidth differential receivers used on AMCC PLL arrays include 
internal 100 Ohm line-to-line termination. This matches the dual 50 Ohm lines described above. 

A representative circuit would appear as follows: 

Source Terminated 
Differential Output 

50 Ohm board trace (typ) 

Figure 4. 

Internally Terminated 
Differential Input 

If an AMCC source terminated output is driving a differential input that is not internally 
terminated, external termination must be provided. This is usually the case when driving the 
ECL input of a fiber optic transmitter. The terminating resistor should be placed as close to the 
input pins as possible, using a surface mounted component. 
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APPLICATIONS NOTE 

.D--------..... ~1-oo_o_h_m __ ._---1--~~-a 

Figure 5. 

Non-Terminated ECL 
Differential Input 

For signals that operate significantly below 500 MHz AMCC uses a conventional ECL 
differential output structure. This approach minimizes on-chip power dissipation with negligible 
effect on the quality of moderate bandwidth signals. 

This may also be the only style of differential output available on a fiber optic receiver. In both 
cases the ECL emitter-follower outputs must be provided with current sourcing resistors. These 
resistors should also be located as close to the output pins as possible (less than 1 cm) and 
surface mount components are strongly recommended. 

ECL Emitter Follower 
Differential Output 
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50 Ohm board trace (typ) 

330 Ohm (typ) 

Figure 6. 

Internally Terminated 
Differential Input 
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APPLICATIONS NOTE 

50NET/5DH/ATM 53011/53012 Examples 

The 53011 and 53012 have essentially identical power pin footprints. The 53011 omits the 
AGND2/A+5V2 pair, and the CAP1/CAP2 capacitor should be 0.01µF for the 53011. Figure 7 
illustrates the connections for the 53011 transmitter device. The ground ring is shown around 
the loop filter capacitor. The ring should be completed under the device to include pins 79, 80 
and 1,2. The values of the decoupling components are as described in the generic example on 
page 3. 

83011 
(TOP) 

v = Connection to Ground Plane 
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Figure 7. 
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APPLICATIONS NOTE 

The $3012 omits the AGND4/A+5V4 pair and the CAP1/CAP2 capacitor should be 0.1 µF for 
the $3012. Figure 8 illustrates the connections for the $3012 receiver device. The ground ring 
is shown around the loop filter capacitor. Again, the ring should be completed under the device 
to include pins 79, 80 and 1,2. The values of the decoupling components are as described in 
the generic example on page 3. 
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83012 
(TOP) 

~ = Connection to Ground Plane 

Figure 8. 
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APPLICATIONS NOTE 

SONET/SDH/ATM S3005/S3006 Examples 

The 83005 and 83006 have identical power pin footprints. For these devices in the 68 LDCC 
package, the filter clean-up capacitor is mounted on the package, simplifying board layout. 
Since these devices use dual supplies, figure 9 shows the VCC connection to a +5 volt plane 
needed for the TTL control and data interface. The values of the decoupling components are as 
described in the generic example on page 3. 

S3005/S3006 
(TOP) 

v = Connection to Ground Plane 
* -~ , : = Connect for S3006 Only 
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Figure 9. 
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APPLICATIONS NOTE 

SONET/SDH/ATM CSU/CRU S3014 Example 

The S3014 provides either clock synthesis(CSU) or clock recovery (CRU) functions. For 
these devices in the 44 PLCC package, the filter clean-up capacitor of 0.1 µF should be 
connected between CAP1 and CAP2. The ground ring should surround the capacitor to the 
extent permitted by pin spacing and board layout rules. Since this device uses dual supplies, 
figure 1 O shows the VCC connection to a +5 volt plane needed for the TTL control and data 
interface. The values of the decoupling components are as described in the generic example on 
page 3. 
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$3014 
(TOP) 

v = Connection to Ground Plane Figure 10. 
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APPLICATIONS NOTE 

The S3005 and S3006 are also available in the 80 TEP package as the S30050 and the 
830060. Again, the two devices have similar but not identical power pin footprints. For this 
package option the filter clean-up capacitor should be connected between CAP1 and CAP2. 
Please note the dual pins for the capacitor connection. Both must be connected to minimize 
parasitic inductance. The value for the 530050 is 0.01 µF and the value for the 530060 is 0.1 
µF. The ground ring should surround the capacitor as shown in figure 11 . The values of the 
decoupling components are as described in the generic example on page 3. 

-"'-~-ECLGND ECLGNDl==i--...& 

_.__--c::::::fVEE S3005D/S3006D 

(TOP) 

v = Connection to Ground Plane 

* ~ ,: =Connect for $3006 Only 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

Figure 11. 
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APPLICATIONS NOTE 

SONET/SDH/ATM 83017/83018 Examples 

The S3017 and S3018 have essentially identical power pin footprints. The S3017 hasAVEE2 
and AVCC2 on unique pins and the only one of this device pair to carry the AVCC4 and AVEE4 
pins, and the CAP1/CAP2 capacitor should be 0.01µF for the $3017. Figure 12 illustrates the 
connections for the S3017 transmitter device. The ground ring is shown around the loop filter 
capacitor. The ring should be completed under the device connecting pins 51 and 2. Please 
note that both pin 51 and pin 2 should be connected to the ground plane to avoid current 
through the ground ring. The values of the decoupling components are as described in the 
generic example on page 3. 
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S3017 

(TOP) 

v = Connection to Ground Plane 

* = Connection unique to S3017 

ECLVCC., 

8 8 '·1=---
=:i =:iTGNol::::=i---. 

~TVCC 27 

26 

Figure 12. 

+5 VOLT (VCC) PLANE 
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APPLICATIONS NOTE 

SONET/SDH/ATM S3017/S3018 Examples 

The 53018 has essentially identical power pin footprint to the 53017. The 83018 omits the 
AVCC4/AVEE4 pair, and the CAP1/CAP2 capacitor should be 0.1µF. In addition, please note 
thatAVEE2 is on pin 43 in the 83018. Figure 13 illustrates the connections for the 83018 
transmitter device. The ground ring is shown around the loop filter capacitor. The ring should be 
completed under the device connecting pins 51 and 2. Please note that pin 2 should be directly 
connected to the ground plane to avoid current through the ground ring. The values of the 
decoupling components are as described in the generic example on page 3. 

83018 

(TOP) 

v = Connection to Ground Plane 

** = Connection unique to $3018 
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irlTVCC 27 
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Figure 13. 
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APPLICATIONS NOTE 

E4/STM-1/0C-3/ATM $3015/$3016 Examples 

The $3015 and $3016 have similar power pin footprints. The CAP1/CAP2 capacitor should 
be 0.1 µF for the $3015. Figure 14illustrates the connections for the $3015 transmitter device. 
The ground ring is shown around the loop filter capacitor. The ring should be completed under 
the device connecting pins 51 and 2. Please note that pin 2 should be directly connected to the 
ground plane to avoid current through the ground ring. The values of the decoupling 
components are as described in the generic example on page 3. 

83015 

(TOP) 

v = Connection to Digital Ground Plane 
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Figure 14. 
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APPLICATIONS NOTE 

The 83016 has a similar power pin footprint to the 83015. For the 83016, the CAP1/CAP2 
capacitor should be 0.1 µF. In addition, please note that AVEE5 and AVCC5 on pins 21 and 24 
are added to provide power for the equalizer network buffer. The ground ring is shown around 
the loop filter capacitor. The ring should be completed under the device connecting pins 51 and 
2. Please note that pin 2 should be directly connected to the ground plane to avoid current 
through the ground ring. Please note that when the equalizer function is used, AVCC4 and 
AVCC5 as well as AVEE4 and AVEE5 are inductively isolated. If the equalizer is not used 
(optical interface mode or modular cable interface mode), the L081N input should be connected 
to Digital Ground. The values of the decoupling components are as described in the generic 
example on page 3. 

83016 

(TOP) 

Figure 15. 
v = Connection to Digital Ground Plane 
~ = Analog Ground (Inductively isolated from Digital Ground) 
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APPLICATIONS NOTE 

SONET/SDH/ATM S3020/S3021 Examples 

The 53020 and S3021 have essentially identical power pin footprints. The 53020 has AVEE2 
and AVCC2 on unique pins and the only one of this device pair to carry the AVCC4 and AVEE4 
pins, and the CAP1 /CAP2 capacitor should be 0.01 µF for the S3020. Figure 16 illustrates the 
connections for the S3020 transmitter device. The ground ring is shown around the loop filter 
capacitor. The ring should be completed under the device connecting pins 51 and 2. Please 
note that both pin 51 and pin 2 should be connected to the ground plane to avoid current 
through the ground ring. The values of the decoupling components are as described in the 
generic example on page 3. 
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83020 

(TOP) 

v = Connection to Ground Plane 

* = Connection unique to S3020 

Figure 16. 

+5 VOLT {VCC) PLANE 
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AMcc· 
APPLICATIONS NOTE 

SONET/SDH/ATM 53020/53021 Examples 

The $3021 has essentially identical power pin footprint to the $3020. The $3021 omits the 
AVCC4/AVEE4 pair, and the CAP1/CAP2 capacitor should be 0.1µF. In addition, please note 
that AVEE2 is on pin 43 in the $3021. Figure 17 illustrates the connections for the $3021 
transmitter device. The ground ring is shown around the loop filter capacitor. The ring should be 
completed under the device connecting pins 51 and 2. Please note that pin 2 should be directly 
connected to the ground plane to avoid current through the ground ring. The values of the 
decoupling components are as described in the generic example on page 3. 

83021 

(TOP) 

v = Connection to Ground Plane 

** = Connection unique to S3021 
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Figure 17. 
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APPLICATIONS NOTE 

FIBRE CHANNEL S2042/S2043 Examples 

The 52042 and $2043 include all loop filter components on-chip, thus no external 
components are needed other than those required for decoupling. Figure 18 illustrates the 
recommended decoupling for the 52042 transmitter device. The double capacitors shown are 
0.1 µF paralleled with 100 pF, X7R dielectric, EIA sizes 1206 and 805. The inductors are Murata 
BLM32A06 surface mount ferrite beads. Note that the inductors have been placed on both the 
AVEE (ground) pins as well as the AVCC (+3.3v) pins. Note also that for 5 volt TTL interfacing 
the TTLVCC pin (pin 17) should be connected to +5 VDC, with the decoupling as indicated. 
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82042 
(TOP) 

v = Connection to Ground Plane 
Figure 18. 

* = Connect to +5 VDC for SVTTL 1/0 Operation 
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APPLICATIONS NOTE 

FIBRE CHANNEL 52042/52043 Examples 

The 82042 and 82043 include all loop filter components on-chip, thus no external 
components are needed other than those required for decoupling. Figure 19illustrates the 
recommended decoupling for the 82043 receiver device. The double capacitors shown are 0.1 
µF paralleled with 100 pF, X7R dielectric, EIA sizes 1206 and 805. The inductors are Murata 
BLM32A06 surface mount ferrite beads. Note that the inductors have been placed on both the 
AVEE (ground) as well as the AVCC (+3.3v) pins. Note also that for 5 volt TTL interfacing the 
TTLVCC (pins 20, 23, 36 and 44) should be connected to +5 VDC, with the decoupling as 
indicated. 

82043 
(TOP) 

~ = Connection to Ground Plane 

* = Connect to +5 VDC for SVTTL VO Operation 
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Figure 19. 
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APPLICATIONS NOTE 

FIBRE CHANNEL S2044/S2045 Examples 

The $2044 and $2045 include all loop filter components on-chip, thus no external 
components are needed other than those required for decoupling. Figure 20 illustrates the 
recommended decoupling for the $2044 transmitter device. The double capacitors shown are 
0.1 µF paralleled with 100 pF, X7R dielectric, EIA sizes 1206 and 805. The inductors are Murata 
BLM32A06 surface mount ferrite beads. Note that the inductors have been placed on both the 
AVEE (ground) pins as well as the AVCC (+3.3v) pins. Note also that for 5 volt TTL interfacing 
the TTLVCC pin (pin 17) should be connected to +5 VDC, with the decoupling as indicated. 
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82044 
(TOP) 

v = Connection to Ground Plane 
Figure 20. 

* = Connect to +5 VDC for 5VTTL 1/0 Operation 
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APPLICATIONS NOTE 

FIBRE CHANNEL 52044/52045 Examples 

The 52044 and 52045 include all loop filter components on-chip, thus no external 
components are needed other than those required for decoupling. Figure 21 illustrates the 
recommended decoupling for the 52045 receiver device. The double capacitors shown are 0.1 
µF paralleled with 1 oo pF, X7R dielectric, EIA sizes 1206 and 805. The inductors are Murata 
BLM32A06 surface mount ferrite beads. Note that the inductors have been placed on both the 
AVEE (ground) as well as the AVCC (+3.3v) pins. Note also that for 5 volt TTL interfacing the 
TTLVCC (pins 20, 23, 36 and 44) should be connected to +5 VDC, with the decoupling as 
indicated. 

$2045 
(TOP) 

v = Connection to Ground Plane 

* = Connect to +5 VDC for SVTTL 1/0 Operation 
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Figure 21. 
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APPLICATIONS NOTE 

FIBRE CHANNEL S2046/S2047 Examples 

The 52046 and 52047 include all loop filter components on-chip, thus no external 
components are needed other than those required for decoupling. Figure 22 illustrates the 
recommended decoupling for the 52046 transmitter device. The double capacitors shown are 
0.1 µF paralleled with 100 pF, X7R dielectric, EIA sizes 1206 and 805. The inductors are Murata 
BLM32A06 surface mount ferrite beads. Note that the inductors have been placed on both the 
AVEE (ground) pins as well as the AVCC (+3.3v) pins. Note also that for 5 volt TTL interfacing 
the TTLVCC pin (pin 17) should be connected to +5 VDC, with the decoupling as indicated. 
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82046 
(TOP) 

~ = Connection to Ground Plane 
Figure 22. 

* = Connect to +5 VDC for SVTTL 1/0 Operation 
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APPLICATIONS NOTE 

FIBRE CHANNEL S2046/S2047 Examples 

The 52046 and 52047 include all loop filter components on-chip, thus no external 
components are needed other than those required for decoupling. Figure 23 illustrates the 
recommended decoupling for the 52047 receiver device. The double capacitors shown are 0.1 
µF paralleled with 100 pF, X7R dielectric, EIA sizes 1206 and 805. The inductors are Murata 
BLM32A06 surface mount ferrite beads. Note that the inductors have been placed on both the 
AVEE (ground) as well as the AVCC (+3.3v) pins. Note also that for 5 volt TTL interfacing the 
TTLVCC (pins 20, 23, 36 and 44) should be connected to +5 VDC, with the decoupling as 
indicated. 

52047 
(TOP) 

v = Connection to Ground Plane 

* = Connect to +5 VDC for 5VTTL 1/0 Operation 
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Figure 23. 
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AMcc· 
APPLICATIONS NOTE 

SONET/SDH/ATM 53028 Example 

The 53028 Transceiver includes the transmit Clock Synthesis PLL. The CAP1/CAP2 
capacitor should be 0.01µF for the 53028. Figure 24 illustrates the connections for the 53028 
transceiver device. The ground ring is shown around the loop filter capacitor. The ring should be 
completed under the device connecting pins 9 and 12. Please note that the ring should be 
directly connected to the ground plane to avoid current through the ground ring. The values of 
the decoupling components are as described in the generic example on page 3. 
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83028 
(TOP) 

v = Connection to Ground Plane 

RXCVCC = RXCORE VCC, RXCGND = RXCORE GND 
TXCVCC = TXCORE VCC, TXCGND = TXCORE GND 
TXOVCC = TXOUT VCC, TXOGND = TXOUT GND 

Figure 24. 
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APPLICATIONS NOTE 

SONET/SDH/ATM 53026 Example 

The 83026 Clock Recovery Unit is a stand-alone CRU PLL. The CAP1/CAP2 capacitor 
should be 1.0µF with series 51 Ohm resistors*. Figure 25 illustrates the connections for the 
83026 CRU device. The ground ring is shown around the loop filter capacitor. The ring should 
be attached to pin 19 {AGNDO) and brought to minimum metal spacing distance to pins 16 and 
17. Please note that the ring should be directly connected to the ground plane as close as 
possible to pin 19 to avoid current through the ground ring. The values of the decoupling 
components are 0.1µF paralleled with 100 pF as shown in the generic example on page 3. 
Ferrite bead inductors are Murata BLM32A06 or equivalent. 

*Values are for production 83026. Sample and Pre-production devices require different 
values to optimize jitter transfer. On those parts 2.2µF and 62 Ohms are recommended for 
optimized jitter peaking, 1.0µF with series 51 Ohm for optimized jitter bandwidth . 

Figure 25. v = Connection to Ground Plane 
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APPLICATIONS NOTE 

SONET/SDH/ATM 53025 Example 

The $3025 Clock Recovery Unit is a stand-alone CRU PLL. The $3025 is similar to the 
$3026, but includes an on-chip reference oscillator using a 12.96 MHz series resonent crystal. 
The crystal should be shunted with two 5 to 1 O pF capacitors as shown belowThe CAP1/CAP2 
capacitor should be 1.0µF with series 51 Ohm resistors. Figure 26 illustrates the connections 
for the $3025 CRU device. The ground ring is shown around the loop filter capacitor. The ring 
should be attached to pin 19 (AGNDO) and brought to minimum metal spacing distance to pins 
16 and 17. Please note that the ring should be directly connected to the ground plane as close 
as possible to pin 19 to avoid current through the ground ring. The values of the decoupling 
components are 0.1 µF paralleled with 100 pF as shown in the generic example on page 3. 
Ferrite bead inductors are Murata BLM32A06 or equivalent. 

*Values are for production $3025. Sample and Pre-production devices require different 
values to optimize jitter transfer. On those parts 2.2µF and 62 Ohms are recommended for 
optimized jitter peaking, 1.0µF with series 51 Ohm for optimized jitter bandwidth. 
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0 0 ._ N 
()QILIL 
() z < < 
>CJUU 
"' < 83025 

(TOP) 

~ = Connection to Ground Plane 
Figure 26. 
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APPLICATIONS NOTE 

I 

SONET/SDH/ATM 53027 Example 

The 83027 Clock Recovery Unit is a stand-alone CRU PLL. The CAP1/CAP2 capacitor 
should be 1.0µF with series 51 Ohm resistors*. Figure 27 illustrates the connections for the 
83027 CRU device. The ground ring is shown around the loop filter capacitor. The ring should 
be attached to pin 19 (AGNDO) and brought to minimum metal spacing distance to pins 16 and 
17. Please note that the ring should be directly connected to the ground plane as close as 
possible to pin 19 to avoid current through the ground ring. The values of the decoupling 
components are 0.1 µF paralleled with 100 pF as shown in the generic example on page 3. 
Ferrite bead inductors are Murata BLM32A06 or equivalent. 

*Values are for production 83027. Sample and Pre-production devices require different 
values to optimize jitter transfer. On those parts 2.2µF and 62 Ohms are recommended for 
optimized jitter peaking, 1.0µF with series 51 Ohm for optimized jitter bandwidth . 

Figure 27. * = Connection to Ground Plane 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121•(619)450-9333 9-61 

• 



APPLICATIONS NOTE 

Fibre Channel/Gigabit Ethernet Transceiver 52052 

The 82052 Transceiver consists of both the receiver Clock recovery PLL and the transmit 
Clock Synthesis PLL. Figure 28 illustrates the connections for the 82052 transceiver device. 
The PLLs of the 82052 use fully internal active filters. External capacitors are required for 
power supply decoupling only. Inductors are Murata BLM32A06 surface mount ferrites. The 
double capacitors shown are paralleled 0.1 uF and 100 pF X?R ceramic chips. Pins labeled NC 
are unconnected to allow power footprint flexibility. 
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82052 
(TOP) 

~ = Connection to Ground Plane 
Figure 28 

** = Connect to Ground for 1062 or 1250 Mb/s Operation 
NC = Pin Not Connected to internal circuitry or buses 
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SONET/SDH Clock Recovery Unit 53029 

The 83029 is a four channel STS-3/STM-1 Clock Recovery Unit and transmit Clock 
Synthesis Unit. Figure 29illustrates the connections for the 83029 device. The Plls of the 
83029 use fully internal active filters. External capacitors are required for power supply 
decoupling only. Inductors are Murata BLM32A06 surface mount ferrites. The double capacitors 
shown are paralleled 0.1 uF and 100 pF X7R ceramic chips. 

83029 
(TOP) 

v = Connection to Ground Plane 
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Figure 29 
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APPLICATION NOTE 
AMCC® 

MANAGING AND MEASURING JITTER IN A GIGABIT LINK 

INTRODUCTION 

This application note describes management and 
measurement of jitter in Fibre Channel and SONET 
serial links, using AMCC's families of SONET/SDH and 
Fibre Channel transmitter and receiver circuits, as 
well as links implemented using AMCC's PLL arrays. 
It discusses design techniques for jitter minimization, 
describes equipment needed for jitter measurement, 
and provides connections and set-up descriptions. 

RELEVANCE OF JITTER IN HIGH-SPEED 
SERIAL LINK DESIGN 

Jitter is defined as short-term phase variations of the 
significant instants of a digital signal from an ideal 
clock running at the same average rate as the signal. 
"Significant instant" refers to any clearly defined point 
on the waveform , such a zero crossing. "Short-term" 
specifically means phase oscillations of at least 10 Hz. 
(Lower- frequency phase noise is generally referred to 
as "wander.") Jitter can be measured in peak-to peak 
"unit intervals" (UI). One UI is equal to the period of 
the ideal clock, or one baud interval, at the data rate 
specified. This method of representing jitter is useful 
in facilitating comparison of different data rates. 

Since jitter can introduce bit errors and cause loss of 
synchronization in high-speed links, it is crucial for 
the designer to be aware of the causes of jitter and 
to attempt to minimize it as much as possible 
through-out the system. Both the SONET and Fibre 
Channel standards contain rigorous jitter specifica
tions. Each standard specifies jitter somewhat 
differently, as described in the following sections. 

SONET Jitter Specification 

The SONET standard allows the asynchronous pay
loads to "float" inside the synchronous frame, to 
accommodate varying clock rates. These "pointer" 
movements occur in byte-wide steps at irregular in
tervals, which can cause large jitter to be introduced 
in the payload. Additional jitter is introduced by mis
matched oscillators in the signal regenerators of 
self-timed systems. 

Input jitter tolerance is defined as the peak-to-peak 
amplitude of sinusoidal jitter applied on the input sig
nal that causes an equivalent 1 dB optical/electrical 
power penalty. SONET input jitter tolerance require
ments are shown in Figure 1. The measurement 
condition is the input jitter amplitude which causes 
an equivalent of 1 dB power penalty. The template 

Applied Micro Circuits Corporation 
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basically defines an area over which the equipment 
must operate without experiencing the designated 
performance degradation. 

Jitter generation is defined as the amount of jitter at 
the OC-N/STS-N output of a piece of SONET equip
ment. It shall not exceed 0.01 UI rms when 
measured using a highpass filter with a 12-kHz cut
off frequency. 

The jitter transfer function is defined as the ratio of jitter 
on the output OC-N/STS-N signal to the jitter applied 
on the input OC-N/STS-N signal versus frequency. The 
jitter transfer requirements are shown in Figure 2. 

Figure 1. SONET Input Jitter Tolerance 
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lnpulJtttlJ 15 
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10 30 300 
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Fibre Channel Jitter Specification 

13 

f3 
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6.5 
25 

14 ft 

ft 
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In the Fibre Channel standard, the general pulse 
shape characteristics include rise time, fall time, 
pulse overshoot, pulse undershoot, and ringing. The 
general parameters specifying the mask of the trans
mitter eye diagram are shown in Figure 3. The 10-12 

BER requirement is guaranteed by specifying the 
transmitter eye diagram, and the fiber cable plant 
and the minimum and maximum received power lev
els. The specified values take into account power 
penalties caused by the use of a transmitter with a 
worst-case a combination of transmitter spectral, ex
tinction ratio, and pulse shape characteristics. Fibre 
Channel does not include a specification for jitter 
frequency because there is no requirement for re
peaters as in the SONET standard. 
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Figure 2. SONET Jitter Transfer 
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Figure 3. Fibre Channel Jitter Mask 
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Figure 4. Typical Gigabit-per-second Serial Link 
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Electrical Transmitter 

Serialize 

Clock 
Synthesizer 

Reference 
Clock 

JITTER BUDGET 

A typical gigabit-per-second serial link, illustrated in 
Figure 4, is made up of several components. These 
include the reference clocks, electrical transmitter, 
optical transmitter, optical receiver, and electrical re
ceiver. Each system component has its associated 
jitter specification, management, and measurement 
requirements, and the designer must work within a 
jitter budget that allocates a certain amount to each 
component. The diagram in Figure 5 shows a typical 
jitter budget as "slices" of a data bit for a system 
running at 1 gigabit-per-second (ideal symbol 
width=1 OOOps). The "slices" are defined as follows: 

• Transmit duty cycle distortion (DCD) jitter, 
caused by propagation delay differences in the 
transmitter between high-to-low and low-to-high 
transitions. DCD shows up as a pulse width 
distortion of the nominal baud time. 

• Optical data dependent jitter (DDJ), the jitter 
related to the transmitted symbol sequences. 
DDJ is caused by the limited bandwidth charac
teristics, nonideal individual pulse responses, 
and imperfections in the optical channel 
components (related to the fiber optic cable). 

• Receiver data dependent jitter, caused by the 
limited bandwidth of the receiver. The optical 
receiver is typically designed for matched filter 
response to obtain maximum sensitivity. This 
results in DDJ when multiple baud times of 
data in a fixed 1 or o state are followed by a 
single baud time in the opposite state. 

• Static position error, which is the error associ
ated with the sampling accuracy (or, how close 
the timing pulse is to the optimum sampling 
point, or center of the eye). 

• Laser dispersion, also called Relative Intensity 
Noise (RIN), which is the jitter caused by 
fluctuations in the intensity of optical power in 
the laser cavity due to optical reflection into the 
cavity. 

Electrical Receiver 

Parallel Output 
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Figure 5. Typical Jitter "Budget" for a Gigabit-per-second Serial Link 
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ERROR 

• Margin (30% eye opening), which is the result
ing eye opening from which the clock recover 
device must extract the clocking information. 

• Random jitter (RJ), the jitter due to Gaussian 
noise sources. The peak-to-peak value of RJ is 
of a probabilistic nature and any specific value 
requires an associated probability. 

TECHNIQUES FOR MANAGING AND 
MEASURING JITTER 

Each link component requires different jitter minimi
zation design techniques, as well as jitter 
measurement/characterization methods to ensure 
that the design techniques employed have been suc
cessf u I. The following sections discuss each 
component of a typical transceiver module design in 
turn, providing suggestions for managing jitter and 
describing the measurement equipment and connec
tions for each. 

Bear in mind that a great deal of thought should be 
given in the beginning of the design process to the 
eventual measurement and characterization needs of 
the system. It is painful to try to recover a buried 
signal that is needed for testing after the design is 
complete! Therefore, when designing your board, take 
care to build a degree of flexibility into the design. For 
example, allow access on your board to the parallel 
and serial ports separately, so that you are later able 
to connect them in any configuration needed for test
ing. Allow for numerous "hooks" into your system. 
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To fully characterize or test a high-speed serial link 
design, the following test equipment may be needed, 
depending on the types of tests being performed: 

• Bit error rate tester (BERT) (the HP70004A 
display and H P70841 B pattern generator or 
HP70322A synthetic generator are recommended) 

• Coaxial attenuator, 0-7 dB in 1-dB increments, 
with female SMA connectors. 

• 50-n coaxial power splitter with female SMA 
connectors. 

• Digital sampling oscilloscope (HP54120, 
Tektronix CSA803, or similar). 

• Delay line(s) for oscilloscope (the HP54008A, 
Tektronix DL 11, passive delay line, or similar). 

• Any necessary power supplies. 
• Spectrum analyzer (HP8561 B or similar). 

Overall Design Considerations 

There are some general guidelines for jitter manage
ment that apply to the link design as a whole. In 
general, noise isolation should be a primary consid-
eration throughout the entire design process, as • 
PLLs are sensitive to noise on input signals and • 
power supplies. (See AMCC Application Note #4, 
PLL Board Layout Guidelines.) Low-noise power 
supplies should be selected for critical analog func-
tions. Extra care should be taken to minimize the 
switching transients of heavily loaded bus interface 
drivers. 

Transmission line effects should also be taken into 
consideration. As a general rule, transmission lines 
should be used when Lmax is greater than 9Tr (Lmax 
in centimeters and Tr in nanoseconds). At data rates 
of 1 gigabit (Tr= 200 ps) , then Lmax is only 1.8 cm. 
In general, it is wise to use "good" transmission lines 
for all gigabit signals. 
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Jitter Characterization and Testing 

Fig.ure 6 shows a simplified link board design, with 
typical connections common for testing. A variety of 
test configurations may be used, depending on the 
test being conducted. A general optical test set-up is 
shown in Figure 7, and a general electrical test set
up for a coaxial board is shown in Figure 8. When 
T.esting very high-speed signals, it is often not pos
sible to branch or load the line at every desirable test 
point, due to signal reflection problems. In cases 
where it is not feasible to tie directly onto the line 
itself, self-loop or link loop outputs can be used to 
monitor the signal. In Figure 6, 7, and 8, some test 
equipment is shown connected to the link loopback 
clock and data signals. SMA connector footprints are 
shown in these figures. The connectors would be 
included on the board for testing purposes only, and 
would not need to be populated during final board 
production. 

Testing the link as a whole-in other words examin
ing the parallel data into the parallel pdrt of the 
transmitter and examining the data emerging from 
the parallel port of the receiver-is a good place to 
start as it allows you to spot any obvious errors im
mediately and to make sure that the TTL board-wide 
interfaces are correct. Then, you can break the sys
tem down into its various pieces and examine them 
separately, as discussed in later sections of this 
note. 

The following checklist offers suggestions for uncov
ering board-wide errors: 

1. In the data domain, observe the bit errors at the 
parallel (word) interface level. This can typically be 
done using software resident in your system control
ler or using a parallel BERT, as this feature is 
implemented in many software packages. If what 
you observe on the receiver parallel output is not the 
same as what was sent into the transmitter input, 
t~e.n there is likely to be some violation of timing 
hm1ts (set-up and hold) at the parallel interface. Pos
sible culprits are: 

Figure 6. Simplified Link Board Design Showing Connections Common for Testing 
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For SON ET transmitters, phase drift of the 
parallel load clock, detectable as Phase 
Alignment errors (PAE). 

• For Fibre Channel transmitters, the set-up/hold 
limits are specified with respect to a WORDCK 
output, and you must ensure that the clock is 
configured correctly. 

2. At the receiver output, there is another external 
system setup/hold specification into the controller 
device. You may be getting stable data out of the 
part, but you must also make sure that the data is 
getting into the next part correctly. Verify and vali
date setup/hold of your controller device and the 
parallel bus. 

3. Some higher-level testers have the ability to do bit 
error rate test (BERT) in the parallel transmit/serial 
receive mode. This allows further isolation, in the 
case of intermittent or low occurrence rate errors. 
Serial data out of the transmitter should be checked 
in the time domain for correct frequency (bitrate). 
Make sure that the correct reference frequency and 
operating mode have been selected. 

When using an oscilloscope for jitter testing and 
measurement, note that AMCC's source-terminated 
ECL output can be tied directly to son -to-ground con
nections, greatly simplifying the measurement process. 
Using a direct connection is perfectly adequate when 
you are looking only at timing and jitter information. 
However, if you need to make precise de-level mea
surements, you will need to use ECL terminators, as 
shown in Figure 9. Note that a non-standard bias 
voltage is used for the terminators, since source
terminated outputs must be terminated single-ended 
as son to -1.0SOV, as opposed to the -2.4SV bias 
needed to give son to -2.0V on standard ECL. On
board level shifters are not included in the serial data 
paths to minimize jitter on this critical path. 

Figure 7. General Optical Test Setup for Jitter Measurement 
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Power Supply and Other Noise Sources 

Power supply decoupling is one of the most important 
elements for jitter minimization. Decoupling should be 
applied on a per-pin basis. Ceramic-chip capacitors and 
ferrite beads should be used in the board design. 

~he phase-locked loops (PLLs) are especially sensi
t1~e to power supply noise (as well as noise on input 
signals). AMCC circuits have special requirements 
for the isolation and decoupling of the signal and 
power pins associated with the analog functions of 
the PLL. In addition, external loop filter capacitors 
must be placed on the circuit board. The capacitor 
connections are sensitive to coupled noise at the 
nanovolt level. Ground ring isolation should be em
ployed to isolate this capacitor from board traces 
carrying switching signals or power/ground supply 
currents. The ring should have only one connection 
point, to avoid voltage gradients across it. Refer to 
the PLL Board Layout Guidelines application note, 
for more details on layout issues. 

The following sections discuss jitter management and 
measurement issues for each individual link component. 

Reference Clocks 

Jitter Management 

Good jitter management begins with the selection of 
the reference clock source. The transmitter refer
ence clock is the most important in terms of noise 
management. Some attention, however, must be 
paid to the receiver reference clock, namely that it 
be accurately on frequency. 

The use of a TTL reference source or a backplane 
clock as a reference source for the transmitter PLL 
increases the random jitter of the transmitter data. 
Using a differential ECL oscillator located adjacent to 
the transmitter PLL removes the jitter components 
caused by TTL buffers and backplane noise. Good 
edge rates and low noise are crucial. If you are using 
a system clock and attempting to clean it up for use 
as the reference clock, you must ensure that the 
signal is clean and stable. Good termination tech
niques are particularly important. 

Suitable crystal oscillators can be obtained from nu
merous suppliers. 

Figure B. General Electrical Test Setup for Jitter Measurement 
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Jitter Measurement 

Jitter characteristics of the reference clocks can be 
viewed using an oscilloscope or spectrum analyzer. 
(Hewlett-Packard Product Note 54120-2, Jitter 
Analysis Using The HP Family of Digitizing Oscil/o
~cope~, offers ~etailed information on measuring 
11tter with an oscilloscope and is a good reference). 
Table 1. shows the electrical characteristics and jitter 
generation characteristics that should be exhibited 
by the reference clock sources. 

Electrical Transmitter 

Jitter Management 

The jitter introduced at the electrical transmitter to op
tical transmitter interface is typically duty cycle 
distortion caused by the inherent rise and fall mismatch 
of typical ECL emitter-follower drivers. This problem is 
alleviated in AMCC's Fibre Channel and SONET 
chipsets through the use of high-speed source-termi
nated EGL-compatible 1/0 drivers that have significantly 
less pulse width distortion than standard ECL drivers. 

In the board layout, it is important to follow these 
basic guidelines: 

Figure 9. Oscilloscope Connections 
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• Use short traces on the printed circuit board. 
• Pay particular attention to component place

ment. Avoid having crossovers of gigabit and 
analog signal traces. 

• Use the power and ground planes in multilayer 
PC boards for isolation. 

• Treat all traces carrying gigabit signals as 
transmission lines. Use controlled-impedance, 
correctly terminated lines. 

• Do not use series-terminated transmission 
lines, as it reduces the effective bandwidth of 
the line. 

Table 1. Expected Reference Clock 
Electrical and Jitter Characteristics 

Maximum Reference Clock Jitter Operating 
In 12 KHz to 1 MHz Band 

14 ps 

28 ps 

56ps 

Trigger 
nput 
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Digital 
Sampling 
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Jitter Measurement 

Since the transmitter is the simpler PLL system it is 
usually the easiest to debug first. 

First, ensure that the serial clock out of the transmit
ter is really locked to the reference frequency. (Not 
all AMCC transmitters have a lock detect output.) If 
the serial. cl~ck is used in a retiming (clocked) 
electro-optic interface, make certain that the correct 
sense is used to meet the electro-optic module's 
setup and hold specifications. In addition, make sure 
that the data is in the correct sense (both to the 
electro-optic module and directly to the test set). 

The jitter in the transmitted data should be less than 
0.01 Unit Interval (UI) rms (for both Fibre Channel 
a~d. SON~T). 1.f this limit is exceeded, further analy
sis is required in the frequency domain. Observe the 
serial clock in the frequency domain with a spectrum 
analyzer. The serial clock should be at the correct 
frequency, and the "spurs," due to the reference 
clock, should be at least -30dBc (relative to the serial 
clock frequency signal). 

D 

A digital sampling oscilloscope may be used to view 
the serial data out of the transmitter. The oscillo
scope bandwidth should be at least 1 GHz. 

Figure 1 O shows a Fibre Channel eye diagram for a 
transmitter exhibiting "good" jitter characteristics. 
Figure 11 shows a Sonet transmitter eye diagram 
exhibiting good jitter levels. Figures 12 and 13 show 
the corresponding jitter histograms. 

Laser (Optical Transmitter) to Optical 
Receiver Interface 

Jitter Management 

Jitter caused by the optical interface can be mini
mized by selecting the proper laser source the 
optimum fiber connector type, and the correct' fiber 
optic cable to meet the distance requirements of the 
system. 

The most crucial laser selection options are: 

• Short or long wavelength 
• Fabry-Perot (FP) or Distributed Feedback 

(DFB) 
• Coherence length 

~ 8t=820ps 4j 200 ps/div 
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The short-wavelength laser (700-850 nm) provides a 
higher initial power output, but suffers from higher 
attenuation in the fiber optic cable than the long
wavelength laser (1270-1350 nm). The Fabry-Perot 
laser has higher chromatic dispersion in the fiber op
tic cable than the DFB laser. (Chromatic dispersion 
results in DDJ on the optical signal). A laser with a 
short coherence length minimizes the jitter caused 
by modal noise and relative intensity noise on multi
mode fibers. 

Using splices and/or low-loss connectors for fiber 
connections reduces relative intensity and modal 
dispersion noise, as well as overall system attenua
tion. Splices will, however, make the system much 
more difficult to reconfigure. 

In selecting the fiber optic cable, the designer must 
consider the cable attenuation characteristics, and 
must decide between multimode or single-mode. At 
longer distances (above 500 m) a single-mode fiber 
is required to minimize the effects of modal disper
sion. However, at shorter distances a multimode 
fiber will deliver more power to the fiber optic re
ceiver. Fiber optic cable attenuation should be 
optimized to match the selected laser wave length. 

Figure 11. Expected Sonet Transmitter Eye Diagram 

Jitter Measurement 

Refer to Figure 7 for the general optical test conections. 
This basic setup will allow you to verify that the op
tics modules are functioning properly and that the 
optical-to-electrical-to-PLL interface for the clock re
covery is working as it should. 

Electrical Receiver 

Jitter Management 

The basic layout techniques discussed in the electrical 
transmitter section apply here as well. This includes: 

• Taking care with the routing from the electro
optic receiver. 

• Using proper terminations and designing for 
transmission line effects. 

• Making careful component selection. 
• Using the lowest noise operating mode appro-

priate to the environment. 

Jitter Measurement 

The test connections shown for the electrical trans
mitter apply as well as to the electrical receiver. 
Several possible serial port errors can occur at the 
receiver. The following checklist may help in locating 
them: 

Timebase = 200 ps/div 
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1 . Has the receiver been properly initialized with a 
10-ms reset? 

2. Have the correct operating frequency, operating 
mode, and reference been selected via the control 
signals (SONET) or control register (Fibre channel) 
settings? 

With the serial input data disabled, observe the Link 
Loop clock output (if available) or Word Clock/Paral
lel Output Clock and confirm that it is locked to the 
reference clock input. In the frequency domain, the 
clock out of the receiver should appear as a well
defined line with amplitude significantly greater than 
the reference harmonics and other features. 

3. When serial data is applied to the receiver, is the 
proper input enabled? If the receiver is equipped 
with a local loop input as well as the normal serial 
input, there is the possibility of crosstalk if switching 
activity occurs on the unselected input. Under condi
tions of minimum amplitude on the selected signal, 
the energy from the unselected signal could cause 
degradation in clock recovery performance or even 
loss of phase lock. This can be prevented by dis
abling the source of the local loop signal (ususally the 
local loop output of the adjacent transmitter device). 

4. Is the serial data bit rate within 1 % of the specified 
rate determined by the reference clock to achieve 
proper clock recovery? If the bit rate is outside this 
1% window, the PLL will appear to lock to other fre
quency artifacts if the data is a pseudo-random 
string. A reset cycle is required to recover from this 
class of false lock. 

The spectral domain should again be examined 
when the receiver is locked to data to confrim that 
sources of possible contamination, such as refer
ence oscillators and unselected data inputs, are 
significantly below the amplitude of the recovered 
clock (bit clock or word clock). 

Expected receiver electrical/jitter characteristics for a 
Fibre Channel link are shown in Figure 12, and for a 
Sonet link in Figure 13. 
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sis Using the HP Family of Digitizing Oscil/iscopes. 
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Figure 12. Jitter Characteristics for a Fibre Channel Receiver 
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Mean 47.45ns µ±10" 68.558% 
RMSA 6.466ps µ±20" 96.061% 
PkPk 41.6ps µ±30' 99.961% 
Hits 20635 Wims 2806 

Figure 13. Jitter Characteristics for a Sonet Receiver 
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APPLICATION NOTE 

INTRODUCTION 

One of the principal challenges facing a digital de
sign engineer at either the device or system level is 
that of assuring that high speed/high bandwidth sig
nals actually pass through the packaging interface in 
a usable form. The edge rates achievable with Bipo
lar and BiCMOS 1/0 structures combined with VLSI 
and ULSI packages supporting 200 to 300 pins re
quire transmission line techniques to be considered 
at the die to package and package to board bound
aries. At the same time, TIL clocks and data busses 
are now pushing into the 50 to 100 MHz range. Us
ing the inherently unsymmetrical TIL outputs at the 
frequency range that was previously the domain of 
relatively well behaved ECL only adds to the chal
lenges for the designer. 

These challenges are similar to those faced by mi
crowave transmission line designers for more than a 
decade. Fortunately, the nature of digital signals al
lows for some simplification of the analysis tech
niques. After some review of the available literature, 
we have found some tools that only require moder
ate algebraic manipulation and your scientific calcu
lator and are sufficient for signals through the 500 
MHz regime. For signals of 1 GHz and greater, the 
digital simplifications (uniform high and low levels, 
pulse duration greater than 3x the transition time, 
etc.) no longer apply. Here the full treatment, Smith 
Charts and all, is needed. 

Transmission Line Discontinuities 

Any conductor having a length and effective propa
gation delay greater than the transition time of the 
signal it carries should be considered a transmission 
line. For a 1 nsec transition time and dielectric mate
rials such as FRP, this length is on the order of 15 
cm or 5.9 inches. The exact form is: 

cxT 
L = ---;::==== 

J teff 
(1) 

Where T is the transition time, L is the length, c is 
2.997 x 108 m/sec and Eeff is the dielectric permittiv
ity of the surrounding medium. 

Transmission lines are usually described in terms of 
their characteristic impedance, ZO. This impedance 
can be described in terms of the distributed induc
tance and capacitance as: 
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~ 
Zo= J Cd (2) 

If two transmission lines of differing impedances are 
joined, a portion of the energy of a signal encounter
ing the discontinuity will be reflected. The ratio of the 
reflected signal to the incident signal is the reflection 
coefficient: 

Z2-Z1 
p= (3) 

Z2+ Z1 

Where Z1 is the impedance of the incident transmis
sion line, and Z2 is the impedance of the second line 
or the load. This expression can be used directly in 
the time domain if the impedances are not frequency 
dependent. For frequency dependent impedances 
caused by lumped inductive or capacitive reac
tances, a similar expression is used in the complex 
frequency domain (S): 

p(s) = 
Z2(S) - Zl(S) 

(4) 
Z2(S) + Zl(S) 

Distributed Loading 

A typical analysis problem is that of determining the 
loading effect of a series of capacitive loads distrib
uted at regular intervals along a transmission line. 
this configuration is most frequently encountered in 
the form of a device output driving an address or 
data line to an array of memory devices. 

If the arrangement of the memory devices is reason
ably regular, the driven circuit can be appro;·imated 
as a transmission line with additional distributed ca
pacitance. If the load capacitances are spaced close 
together relative to the transition time of the signal, 
the resulting combined structure is again a transmis
sion line but with a new, lower impedance, Z3. It is in 
effect a delay line with reduced phase velocity and 
significant filtering or rise time degradation at the far 
end. 

If we assume that the added capacitance has little 
effect on the distributed inductance of the line, the 
new impedance is: 
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Z3 =j __ L_d __ 
Cd+CD 

(5) 

Where CD is the distributed capacitance of the load. 
Equations (2) and (5) can be combined and an ex
pression for Z3 without the inductance term can be 
formed as: 

Z3= 
Zo 

CD (6). 

Cd 

This new impedance is the one that is seen by the 
output of the source device. If the package trace was 
optimized for the assumed unloaded transmission 
line ZO, equation (3) can be used to analyze the 
mismatch at that boundary. 

The propagation delay of the combined structure can 
be represented as: 

tD=tdx /1+ 
CD 

(7) 
Cd 

Where tD is the loaded time delay per unit length and 
td is the unloaded delay. This equation also suggests 
an experimental way of evaluating the radical in equa
tion (6) by use of easily measured delay times. 

The impedance and capacitance of the unloaded line 
can be derived either experimentally or analytically. 
Typical Cd values for representative transmission 
lines are: 

Zo 

50 Ohms 
750hms 
100 Ohms 

Cd w/h 

1.30 pF/cm, 3.3 pF/in 1.50 
0.83 pF/cm, 2.1 pF/in 0.75 
0.61 pF/cm, 1.5 pF/in 0.36 

These values have been calculated assuming FR4 
material with a relative permittivity, E, of 5.0. The 
width to thickness ratio, w/h, has been included for 
reference. The structure is assumed to approximate a 
microstrip, i.e., a trace of width w over a ground plane 
at separation h through the referenced board material. 
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If the added loads are evenly positioned and their 
spacing meets the rise time and prop delay criteria 
described above, this loaded line model is valid. The 
impedance of the resulting structure, and thus the 
load it presents to the output, can be predicted. Un
fortunately, this structure is still only an approxima
tion of a transmission line. The new "line" does not 
have the uniform TEM (Transverse ElectroMagnetic) 
propagation that is characteristic of the ideal line. 
The structure is a delay line and low pass filter with a 
cutoff frequency that decreases as the load capaci
tance increases. 

The degradation of rise time resulting from this filter 
occurs even if the driving output is perfectly matched 
to the resulting "line" impedance. As an example, for 
a 50 Ohm line, a distributed load of 1.3 pF/cm (effec
tively doubling the unloaded distributed capacitance) 
limits the rise time to 1 nsec after 20 cm. By compari
son, a distributed load of 1 O pF/cm on a 50 Ohm line 
would result on a rise time of 2.4 nsec after 20 cm. 

Although a precise analysis of the rise time degrada
tion is complex, it appears that a relationship similar 
to that for propagation delay can be successfully 
used for added distributed capacitances up to 1 O 
times the unloaded line capacitance: 

RT=rtx /1+ 
CD 

(8) 
Cd 

Here RT is the resulting rise time degradation per 
unit length of the combined structure and rt is the 
rise time degradation of the unloaded line. This rela
tionship is only approximate and appears to work 
best at points located four or more "load stations" 
down the line from the source. 

Lumped Loading 

If the spacing between the added capacitances is 
irregular, but still closer than a rise time propagation 
delay, the resulting structure will have a varying and 
difficult to predict impedance. This is definitely not a 
recommended structure for critical signal transmission. 

If the propagation delay spacing of the added loads is 
greater than the transition times of the signal, the ef
fective impedance of the line reverts to ZO, the un
loaded impedance, during the actual transition. Each 
point load capacitance is, however, a point of imped
ance discontinuity, and thus a source of reflection. 

Since the load is capacitive, the reflections are nega
tive, and can cause errors in any input that precedes 
a large discrete load. A survey paper written by P.G. 
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Tumms developed a useful example of a finite rise 
time signal encountering a discrete capacitive load. 

The signal is a simple linear rising edge starting from 
O (logic low level) and reaching a stable level of E 
(the logic high level) at tr. the rise time for the signal, 
and remaining at E after that time. This signal can be 
expressed as: 

e+(t) = (E/ tr)t u(t) - (E/ tr) (t - tr) u(t - tr) (9) 

The expression is the difference of two ramp functions, 
one starting at time O and the other starting at time tr. 

The reflected pulse in terms of p from equation (3) is: 

e-(t) = e+(t) p (10) 

Since the discrete load is capacitive reactance, the 
complex frequency for p in equation (4) should be 
used. The Z1 (s) is the transmission line impedance 
ZO. The load impedance Z2(s) is the parallel of the 
discrete load capacitive reactance, 1/Cs, and the 
rest of the transmission line, ZO. 

After appropriate algebraic manipulations, the com
plex reflectance is: 

-s 
p{S) = (11) 

s + 2/(Zo C) 

and the input signal transforms to: 

E 
( 1 - e·trs) (12) 

If these two expressions are inserted in equation 
(10), simplified, and inverse transformed back to the 
time domain, the reflected pulse is: 

e-(t) = (E/ a tr) [ - (1 - e-at) u(t) + 
(1 - e-a(t - tr)) u(t - tr) ] (13) 

where (a) is defined as 2/(ZO C). 

According to Tumms, the maximum amplitude of this 
reflected signal occurs at t = tr and is: 

I e-(t) I max= (E/ a tr) (1 - e-atr) (14) 

and for many applications, atr >2.3, implying that the 
rise time of the input signal is greater than or equal 
to the ZOC time constant of the line impedance and 
load capacitance. Under this condition, equation (14) 
may be approximated as: 

I e·(t) I max = (E/ atr) (15) 
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The duration of the reflected signal (between half 
amplitude points) can be derived from equation (13) as: 

W = (1/a) In (16) 

and when atr >2.3, this reduces to: 

W=tr (17) 

This maximum amplitude and half-amplitude pulse 
width characterization is very useful in determining 
the signal energy available to force a logic input to 
the opposite state or to constructively or destruc
tively interfere with a periodically repeating signal at 
the output. 

Note that if the rise time to time constant condition is 
met, the reflected signal maximum is less than 40% 
of the original step amplitude. For values of atr near 
1.5, the reflected signal reaches the half logic swing 
value at its maximum. At the extreme, atr values 
near 0.1, implying ZOC time constants 20 times the 
rise time, the reflected signal reaches 95% of the 
logic swing. 

The effect of such a large pulse on the originating 
output would be the equivalent of a switching con
tention. If the output was in the TTL high state, the 
reflected low pulse would appear as a short to logic 
low through impedance ZO for a duration of W. 

Tumms continues the analysis to develop the trans
mitted signal to additional loads and inputs further 
down the line. The transmitted signal is the sum of 
the incident and reflected signals. The form is: 

e(t)T = e+(t) + e-(t) (18) 

The resulting time domain expression, in spite of its 
complexity, can be seen to be the linear combination 
of equations (9) and (13): 

e(t)T = (E/a tr) {[at+ (e-at _ 1)] u(t) + 
[-1 + a(t - tr) e-a(t - tr)] u(t-tr) } (19) 

which is indicates for O < t < tr : 

e(t)T = (E/ a tr) [at+ (e-at -1)] (20) 

and for t > tr : 

e(t)T = (E/a tr) [atr + e·at (1- e+atr)] (21) 
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These equations can be used to develop simpler ex
pressions for the rise time and delay of the transmit
ted signal. In the extreme case of the time constant 
much larger than the rise time, the input signal ap
proaches a step function and the added delay to the 
half logic swing level would be: 

at = o.693 I a c22) 

and the rise time from 10% to 90% logic swing of the 
transmitted signal would be: 

tR. = 2.2 I a (23) 

In actual practice, the input rise times can be compa
rable to or greater than the load time constant. If the 
input signal rise time is more than four times the load 
time constant, equation (20) gives: 

tr0 I 2 =tr I 2 + 1 I a (24) 

where trof 2 is the time required for the output signal 
to reach half swing. The delay due to the discrete 
load is thus: 

.1t = tro I 2 - tr I 2 

.1t=l/a 

(25a) 

(25b) 

Although equation (19) indicates that the output 
wave form is actually a summation of exponentials, 
the simplifications of digital logic can come to our 
rescue. If we approximate the output as a ramp 
which has the same half amplitude rise time as the 
pulse described by equation (19), the rise time of the 
proposed output ramp function would be: 

tro = 2 (tro I 2) 

or tro = tr + (2 I a) 

(26a) 

(26b) 

We now have a simple tool that can approximate the 
delay and rise time degradation effects of the suc
cessive discrete loads in terms of the arriving signal 
rise time and the ZOC time constant of the load. 

Note that this technique can be used in the package 
to circuit board interface to account for transitional 
parasitics of the package pin. 

As an example of the use of this distributive load 
equivalent impedance technique, we will examine a 
design problem of specifying, matching, and termi
nating a TTL output. The TTL signal is driving the 
address line of an array of memory devices. 

The specified input capacitance of the memories is 
10 pF and they are distributed at 2 inch intervals on 
the circuit board. The ASIC macro library specifies 
the capacitive drive capability of the TTL output 
macro as a function of frequency. 
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For typical circuit board material and line widths, the 
2 inch (5 cm) spacing represents a time delay of 300 
to 400 psec. Since this is significantly less than the 
rise/fall times of a TTL output, the reduced imped
ance delay line model is the appropriate one to use. 

If the unloaded trace is a 100 Ohm line (w/h = 0.36), 
the capacitance per unit length, Cd, is 0.61 pF/cm. 
The added capacitance of 1 O pF every 2 inches or 5 
cm gives an effective CD value of 2 pF/cm. If we 
insert these values in equation (6): 

23= 
lOOOhms 

2pF/cm 

0.61pF/cm (27) 

= 100 /2.07 = 48 Ohms 

This is the effective impedance of the combined de
lay line structure. Additionally, the original nominal 
propagation delay of 350 psec/5 cm or 70 psec/cm is 
now 145 psec/cm or 725 psec/5 cm. 

Since the drive capability of the output macro is 
given as capacitive load as a function of frequency, 
the effective impedance should be considered as an 
equivalent capacitive reactance at a specified fre
quency. If a 100 nsec period for the address line is 
assumed, the effective frequency is on the order of 
1 O MHz. For this frequency, the equivalent capaci
tive load is: 

1 
C= 

2pfXc 

= 1/(2*3.1459*10 MHz* 48 Ohms) <28) 

=330pF 

As a comparison, if the frequency of operation were 
30 MHz, the effective load capacitance would be: 

C = 1/( 2 * 3.1459 * 30 MHz* 48 Ohms) 
= llOpF (29) 

If the spacing of the 1 O pF capacitors is increased to 
1 O cm, the resulting impedance is 61 Ohms. At 1 O 
MHz the effective capacitance drops to 261 pF. 
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If the distance to the first added capacitive load is 
increased such that the round-trip delay is greater 
than the rise time of the signal, the model is one of 
two sections of transmission line, the first of un
loaded impedance (100 Ohms), and the second of 
loaded impedance (48 Ohms). The first section pre
sents a load on the TTL output of: 

C = 1/(2 *3.1459 *lOMHz * lOOOhms) 
= 160 pF (30) 

For these impedances, the reflected signal from the 
discontinuity is approximately 35%. If the distance 
just meets the rise time criteria (2 x Tpd = 3 nsec), 
then the reflected signal represents an additional 
load component phase shifted by approximately 1 O 
degrees. This phase shift slightly decreases the ad
ditional loading effect to 34%. 

As the distance (and phase shift) increases, the addi
tional loading effect will drop off until there is actually 
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an increase in the effective impedance at 180 degrees 
(and at 360 degree multiples thereafter). This area of 
operation for TTL outputs begins at approximately 9 
inches of line length before the added loads. 

The 180 degree shift point at 10 MHz operation 
would require over 160 inches (13 feet) of line 
length, so the cancellation effects (not to mention the 
multiple resonance points) are not likely to be ob
served in a practical system application. 

For TTL outputs and moderate frequencies this dis
tributed load equivalent impedance method is rea
sonably accurate. This procedure allows the use to 
determine whether a desired load configuration com
plies with capacitive load limits established to assure 
signal integrity or device reliability. While they do 
give some idea of resultant rise time degradation, a 
detailed analysis for wave shape requires simulation 
techniques such as SPICE™. 
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APPLICATION NOTE 

THERMAL MANAGEMENT 
Thermal management is the orderly design approach 
to removing the excess heat generated in high per
formance logic circuits. For AMCC's datacom and 
telecom devices, thermal management includes 
power optimization of the design of the device, se
lection of the appropriate package for the device, 
identification of added heatsinks if required, and 
identification of the appropriate airflow needed. 
While the first two techniques are under the control 
of the device designer, the last two involve both the 
device designer and the board and system designer. 

AMCC devices range in power dissipation levels 
from less than 1 watt to greater than 5 watts. For the 
lowest power devices conduction cooling via the 
package leads into the printed circuit board is suffi
cient. Modern multi-layer boards form an effective 
large area radiator for the excess heat. The table 
indicates that this is the case for devices through the 
1.5 watt level. For devices greater than 2 watts, 
some combination of moving air and/or heatsink 
must be considered. 

Table 1. 

Device Packaga ejc 0Ja Stlll Air 

53011A BOHPOFP n/a 40"CMI 

53012A BOHPQFP n/a 40°CIW 

53005A BBLDCC 2.s0 C1W 34°C/W 

w/45-20HS 264°CIW 

S3005D BO TEP 2.0°C1W 30•ctw 

w/ 45-28 HS 23•ctw 

53006A 6BLDCC 2.s•CfW 34°CIW 

w/45-20HS 26°C/W 

530060 60TEP 2.o•etw 30°CIW 

w/45-2BHS 23"CMI 

Po-

1.1 w 
1.BW 

2.4W 

2.4W 

2.4W 

2.4W 

2.6W 

2.6W 

2.6W 

2.6W 

1. Max ambient temperature permitted In still air to maintain TJ <130°C 
2. Alrllow required in 70°C ambient conditions to maintain Tj <130°C 
3. Airflow required In es•c ambient conditions to maintain Tj <130°C 
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SYSTEM APPLICATIONS ISSUES 

The trend toward small outline surface mount de
vices and small daughterboard approaches to net 
interface modules may place limitations on circuit 
board conduction as a thermal management tech
nique. Similarly, the smaller geometries of these 
module designs may also reduce the volume avail
able for heatsinks and the effectiveness of moving air. 

The Thermal Management Table describes the vari
ous AMCC networking devices, intrinsic package 
thermal impedance (0jc) from junction to case, the 
still air thermal impedance (eja) from junction to am
bient (including the effect of any attached heatsink), 
the total internal power dissipation (worst case), and 
the recommended ambient temperature/airflows re
quired for specified operation. This table should give 
the reader a good idea of the feasibility of a specific 
thermal environment. For a detailed final design 
please consult your AMCC representative for spe
cific airflow vs. thermal impedance curves and other 
heatsink options. 

MaxStlll Alrno•c2 Alrl85°c3 
Atrno•c 

Alr1 (min) (min) tor1oo•cn 
(min) 

es•c n/a n/a n/a 

1s•c n/a 100LFPM n/a 

49°C 200LFPM SOOLFPM 750LFPM 

ee•c <50 LFPM 150LFPM 200LFPM 

se•c 200 LFPM 700LFPM (not recmd) 

1s•c n/a 200LFPM 300LFPM 

42°C 310LFPM 600LFPM 900LFPM 

e1•c 100LFPM 150LFPM 250LFPM 

s2°c 300LFPM 750LFPM (not recmd) 

1o•c n/a 250LFPM 400LFPM 
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Table 1. (continued) 

Device Package 9jc 8fa Stlll Air Ponr 

830140 44TEP 1.S°CMI 2B°CNI 1.2W 

S3017A 52TEP 2Z'CNl4 40"crw4 1.3W 

S3018A 52TEP 2.2"CIW4 40"CNl4 1.BW 

S3015A 52TEP 2.?!'CNl4 40oCN14 1.2W 

S301BA 52TEP 2.?!'CNl4 40"crw4 1.4W 

S201BA 120TEP 1.0"C/W 20"C/W 5.8W 

w/45-10 HS 18°C/W 5.8W 

1. Max ambient temperature pennllled In sllll air to malnteln l] <130"C 
2. Airflow required In 70°C ambient conditions to maintain l] <130"C 
3. Airflow required In 85°C ambient conditions to maintain l] <130"C 
4. Prallmlnary Package Tennal Impedance Value. 
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llllXStlll Alr/1a'c2 Aldll5"c3 
AlrnG"C 

Alr1 (min) (min) for 100"C TJ 
(min) 

llS"C nfa nfa nfa 

80"C nla nfa nfa 

70"C nfa nla nfa 

80"C nfa nfa nfa 

75°C nfa nla nfa 

14•c BOOLFPM nla nfa 

25"C 150LFPM 250LFPM BOOLFPM 
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PRELIMINARY 
APPLICATIONS NOTE 

Preliminary Version. The production 
version of this document is sub1ect 
to change. IAMCC® 

GENERAL DESCRIPTION 

This application note gives recommendations and 
examples of how to connect the 83015/16 chipset to 
supporting circuitry. Included in these recommenda
tions are the connections to the controller device and 
the transformer circuits. The S3015 and S3016 pro
vide the major components on-chip for a coaxial 
cable interface, including analog transformer driver 
circuitry and equalization circuitry. Transformers, 
passive components and two inexpensive active 
components are required externally. 

In order to guarantee compliance to the G.703 speci
fication for output waveform integrity and input 
sensitivity, the discrete components used in the in
terface must be correctly specified and routed. In 
addition, the noise coupling from these circuits must 
be minimized through the use of capacitive and in
ductive decoupling networks. The combination of 
correct component selection, layout and decoupling 
should result in a highly integrated solution for the 
front end of STM-1 CMI interfaces. 

S3015/S3016 SYSTEM INTERFACE 

SYSTEM INTERFACE 

The system interface block diagram is shown in 
Figure 1. The description of each of the blocks is as 
follows: 

Controller: This block contains the protocol circuitry 
for the interface. The inputs from the S3016 are se
rial 155 Mbits/sec clock and data and the loss of 
signal indication. The outputs to the S3015 are the 
serial 155 Mbits/sec NRZ data stream. 

Reference Clock: This is the backup reference clock 
for both the S3015 and the S3016. It is not used 
except at power up and when data is not present. 

TX Transformer: This block contains discrete compo
nents and two transformers. The output of both 
transformers is compliant to the G.703 waveform 
mask. 

RX Transformer: The input transformer and termi
nation network are contained in this block. The input 
is the serial data from the cable and the output is the 
serial data to the S3016. 

Figure 1. S3015/S3016 System Interface Block Diagram 
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LOSIN Compensator: This block contains level 
shifting circuitry which reduces the voltage swing 
coming out of the HP INA-03184 amplifier (see Fig
ure 3) back down to a level similar to what is being 
received at BUFIN. The output of the block feeds the 
Loss of Signal detection comparators. The voltage 
present at the LOSIN pin is compared to the voltage 
set by the resistor divider circuit that is connected to 
the LOSREF pin. 

Equalizer: A simple gain stage and limiter clamp are 
used to compensate for the high frequency 
attenuation characteristics of the cable. The INA-
03184 amplifies the 155 MHz component of the CMI 

signal while the Schottky clamp diodes limit the 
amplitude of the 52 MHz and 77 MHz components. 
The small value coupling capacitors provide further 
attenuation of the lower frequencies. 

Table 1. Recommended Devices 

Manufacturer Part# 

Motorola MBD101 (2ea.) 

Motorola MMBD352 

Hewlett Packard HSMS-2812 
HSMS-2822 

Zetex BAS70-04ZX 

Figure 2. 53015 Transformer Output Application 
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Figure 3. 53016 Analog Interface 
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•---------------------------------
See Table 1 

for recommended 
devices. - ---------------------------------' 

' 

' ' ' •--------------------------

: Note 1 : Sight variations in values might 
_ : be required to optimize customer 

LOSIN • specific applications. 
_________________ . _ ~c:?!'::IP..~l'.l~~!c:?!] Note 2: If required. 
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PHYSICAL LAYER INTERFACE SCHEMATICS: 

Figure 2 shows a schematic of the components 
required to implement the transformer driver circuit for 
interfacing the transmitter to a coaxial cable. A monitor 
output transformer is also provided. 

Figure 3 shows the schematic for the receive 
interface. It includes a transformer circuit, an 
equalizer circuit, and a LOSIN compensator required 
to perform the signal detect function. 

COMPONENT SELECTION: 

Controller Devices: 

The S3015/16 chipset is compatible with any control
ler device that supports a 155 Mbit/sec serial 
interface. AMCC currently recommends the use of 
the PMC PM5437 SUNl-PLUS. 

Transformers: 

AMCC recommends the use of either the following 
Minicircuits transformers: 

MCL T0-75 (thru-hole) 
MCL TXl-R5 (Surface Mount) 

Note: These parts meet the critical requirements 
for insertion loss and frequency response. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

AMCC 
S3015/S3016 SYSTEM INTERFACE 

Resistors: Standard Surface mount 0.1W, ceramic, 
EIA size 0805. 

Capacitors: Surface mount ceramic, X7R dielectric, 
EIA sizes 0805 and 1206. 

Generic Decoupling Capacitors shown in the draw
ings should use paralleled 1 OOpf/0.1 µf ceramic chip 
capacitors for broadband decoupling. X7R or BX di
electric is acceptable. 

These decoupling networks are in addition to the 
decoupling of the Digital power pins required in good 
design practice, ie. 0.01 µf to 0.1 µf per core or 1/0 
power pin and 1 µf/watt of low frequency within 1 cm 
of the device. 

Inductors: Murata BLM32A06, Surface mount, EIA 
size 1206. 

Recommended printed circuit board layout: 

Figures 4 and 5 show the recommended decoupling 
and layout considerations to follow when using the 
S3015/16 parts. 

9-87 
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AMCC 
S3015/S3016 SYSTEM INTERFACE 

E4/5TM-1/0C-3/ATM 53015/53016 Examples 

The 53015 and 53016 have similar power pin foot
prints. The CAP1/CAP2 capacitor should be 0.1 µF 
for the 53015. For the 53016, the CAP1/CAP2 ca
pacitor should be 0.1 µF. Figure 3 illustrates the con
nections for the 53015 transmitter device and Figure 4 
for the 53016 receiver device. The ground ring 
should be completed under the device connecting 
pins 51 and 2. Please note that pin 2 should be 
directly connected to the digital ground plane to 
avoid current through the ground ring. 

Figure4. 

v = Connection to Dlgltal Ground Plane 

9-88 

High Freq/Low Freq Decoupling 

Capacitors shown in the drawing should be paral
leled 1 OOpf/0.1 µf ceramic chip capacitors for broad
band decoupling. X7R or BX dielectric is acceptable. 

These decoupling networks are in addition to the 
decoupling of the digital power pins required in good 
design practice, ie. 0.01 µf to 0.1 µf per core or 1/0 
power pin and 1µf/watt of low frequency within 1 cm 
of the device. 

+ = Connection to Dlgltal Ground Plane 
+• Analog Ground (lnductlvely laolated from Digital Ground} 

Applied Micro Circuits Corporation 
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The design of high speed TTUCMOS systems is of
ten made more challenging and more difficult than 
their ECL and GaAs counterparts due to the poor 
transmission line behavior of the TTL device inputs. 
Since inputs from either TTL or CMOS devices pro
vide essentially no termination to a given signal path 
(transmission line), reflections at the end of the line 
are a certainty. Nowhere in a system is this more 
noticeable and disastrous than when it occurs on the 
system's clock. It is here that the wrong choice for 
the clock driver can cripple the chance for success 
of a design. 

There are many contradictions imposed on the 
"ideal" TTL clock driver. For example, slower edge 
rates reduce undershoot, ringing and plateau effects 
at the expense of duty cycle, frequency and clock 
skew; while faster edge rates cause overshoot, 
noise injection, and greater EMI radiation while try
ing to improve frequency, duty cycle and clock skew. 

AMCC® 
A COMPETITIVE EDGE 

AMCC has solved this dilemma with an output driver 
circuit that is best described as having two modes 
for controlling the clock edges. This patented 
method produces a fast, crisp edge during the transi
tion phase of the output waveform and then immedi
ately slows the edge and becomes a closer match to 
the impedance of the external PC board. Figure 1 
shows the representative effect of the "dual slope" 
on the falling edge of the clock. The output driver 
circuit actually uses the reflected wave to determine 
the appropriate inflection point for the slope and vir
tually eliminates "ground bounce". 

Figure 1. "Dual Sloped" Output Driver Eliminates "Ground Bounce" 

AC 24 mA 

VoL = 1V 

DC 8mA 
VoL = .4V 

"Patented" Output Driver ''Typical" Output Driver 

Applied Micro Circuits Corporation 
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AMCC 
A COMPETITIVE EDGE 

Figure 2 shows the representative effect of dynami
cally adjusting source series termination on the ris
ing edge. By adjusting the built-in termination to 
individual loading environments, AMCC's clock driv
ers prevent "ringing" without the use of any addi
tional onboard termination. 

Figure 3 shows an unterminated 66MHz output of an 
SC35XX Series Driver. Conventional TTL output 
stages, with or without serial termination resistors, 
cannot attain both the edge rates and the imped· 
ance matching qualities achieved with the AMCC 
method. 

Figure 2. Built-in, On-Chip Source (Series) Termination Minimizes "Overshoot" 

VoH 

10-4 

VoH 

"Unmatched" Output Driver "Matched" Impedance Output Driver 

Figure3. 
SC35XX Driver with 20 F Load and B" of Trace 

11801A DZGZTAL -LlllG OllCZLLOICOPB 
dat:e1 29•0CT•H t:i-1 17:37:15 
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DEVICE SPECIFICATION 
AMCC® 

20-0UTPUT CLOCK DRIVER SC3506 

FEATURES 

• 20 clock outputs: 

- Grouped into banks of 5 or 10 outputs 

- Output frequency of each bank is user 
selectable 

• Leading edge skew for all outputs :S0.5 ns 

• Proprietary output drivers with: 

- Complementary 24 mA peak outputs, source 
and sink 

- 65-75n source series termination 

- Dynamic drive adjustment to match load 
conditions 

- Edge rates less than 1.5 ns 

• Minimizes the ground-bounce, overshoot, 
and ringing problems often encountered 
when using CMOS and Bipolar drivers 

• 52-pin PQFP package 

APPLICATIONS 

• Compatible with Intel's Pentium™ processor 

• Compatible with PowerPC™ processors 

• PCI Bus clock distribution 

• Workstation and server systems with 
high clock fanout 

• Datacom and Telecom networks 

SC3506 Logic Diagram 

+SV 

S - R 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

GENERAL DESCRIPTION 

The SC3506 is a precision clock fan out drivers. It 
accepts a reference dock input from either a single
ended TTL source or a differential PECL frequency 
source. This reference clock input is distributed 
through dividers and buffers to the output clock driv
ers. 

The 20 outputs are divided into groups of 5 or 10 
outputs. The output frequency of each group can be 
F, F/2, F/4, or F/8, and is user selectable. Each of 
the clock driver products offers different combina
tions of divide ratios. 

Applied Micro Circuits Corporation (AMCC) uses 
proprietary complementary (source and sink) 24 mA 
peak output drivers. In addition to their drive capability, 
these circuits provide "source (series) termination" 
at the TTL outputs that minimize over/undershoot 
without requiring on-board termination networks. 
They are designed for a maximum output slew rate 
of ~1.5V/ns to minimize simultaneous output switching 
noise and distortion. 

FaD-4 

FaS-9 

Fb0-4 

Fb5-9 
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AMCC 
SC3506 20-0UTPUT CLOCK DRIVER 

Absolute Maximum Ratings Capacitance (package and die total) 

Storage Temperature ......................... -55° to + 150°C Input Pins ......................................................... 5.0 pF 
Vee Potential to Ground ..................... -0.5V to +7.0V TTL Output Pins ............................................... 5.0 pF 
Input Voltage ........................................ -0.5V to +Vee 
Static Discharge Voltage ............................... > 1750V 
Maximum Junction Temperature ................... +140°C 
Latch-up Current .......................................... >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 

Electrical Characteristics 
Vee= +5.0V ± 5%, Ta= 0°C to +70°C (reference "AC Test/Evaluation Circuit") 

Symbol Parameter Conditions 

V1H Input HIGH Voltage (PECL) Differential Source-PECL 
Input HIGH Voltage (TTL) All TTL Inputs 

V1L Input LOW Voltage (PECL) Differential Source-PECL 
Input LOW Voltage (TTL) All TTL Inputs 

l1H Input HIGH Current (PECL) V1N =Vee (max) 
CLKSEL V1N =Vee (max) 
Reset V1N = 2.4V 
TTL, CSEL, BSEL V1N = 2.4V 

l1L Input LOW Current (PECL) V1N =Vee -2.0V 
CLKSEL V1N = 0.4V 
Reset V1N = 0.5V 
TTL, CSEL, BSEL V1N = 0.4V 

VoH Output HIGH Voltage FouT = SOM Hz max CL = 1 OpF 
Vol Output LOW Voltage FouT = SOM Hz max CL = 1 OpF 

loHs1 Output HIGH Short Ckt Current Output High, VouT = OV Typ 
loLs1 Output LOW Short Ckt Current Output Low, VouT = Vee Typ 
PWR Static Core Power Dissipation ?0°C, Typ Pwr=350 mW 

1. Maximum test duration, one second. 
2. The SC3506 features source series termination of approximately 40 Ohms to assist in matching 

65-75 Ohm P.e. board environments. 

PECL Differential Input Voltage Range DC Characteristics 

Min 

V1L +0.4 
2.0 

Vee -2.0 
-0.5 

2.4 

-55 
55 

Max Unit 

+Vee v 
Vee v 

V1H -0.4 v 
0.8 v 
200 uA 
350 uA 
-200 uA 
15 uA 
15 uA 
50 uA 

-325 uA 
15 uA 

v 
0.6 v 

mA 
mA 

600 mW 

VIH ,...----VIH 

INPUT DIFFERENTIA;>< VID ~ 400mV 
VIL VIL 

Vee -2.ov 

The outputs have been designed specifically for 
clock distribution. In the development of this product, 
AMCC has made several trade-offs between the 
historic "high drive, totem pole outputs" and AMCC's 
dynamically adjusting source series terminated outputs. 
As a result of this, the outputs will dynamically 
source and sink a symmetrical 24 mA of current. In a 
DC state, it exhibits the following specifications: 

10-6 

Conditions Min Max 

VoH loH = -8mA 2.4V 

Vol loL= 4mA 0.6V 

Applied Micro Circuits Corporation 
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AMCC 
20-0UTPUT CLOCK DRIVER SC3506 

AC Specifications-Using "AC Test/Evaluation Circuit" 
Vee= +5.0V ± 5%, Ta= 0°C to +70°C, CLOAD = 10pF 

Parameter SC3506 Units 
Maximum Skew Across All Outputs 

Options: Standard 1.0 
-1 0.5 ns 
-2 0.5 

Maximum Skew Chip to Chip 

Options: Standard -
-1 -
-2 1.0 

Maximum --S-kew within an Output 
0.25 ns 

Group 
Maximum Output Duty Cycle 

±1.0 ns 
Asymmetry 

Maximum TTL Input Frequency 80 MHz 

Maximum PECL Differential Input 
80 MHz 

Frequency 

Maximum Rising/Falling Edge Rate 1.5 ns 

Notes: 
1. Skew is referenced to the rising edges of all outputs. 
2. Output Duty Cycle Asymmetry is defined as the Duty Cycle deviation from 50%, measured at 1.5V. Duty Cycle will be 

effected by voltage, temperature, and load (including the length of the PC trace). Only applies to divided outputs. 
3. Typical skew derating factor for different loads is 50 ps/pF at 1.5V threshold. For example, a 5pF load difference equals 

a 250 ps skew difference. 
4. Edge rates are measured from O.BV to 2.0V. Load consists of a 6" board trace (70 Ohm) with a 10 pf capacitive load. 

See "AC Test/Evaluation Circuit." Synchronous outputs may be paralleled for higher loads. 
5. Parameters guaranteed by design and characterization. 

Threshold Crossing Characteristics 

CLOCK 
OUTPUT 

+O.BV 1
+1.SV 

T risej-- 1.5ns 

50%± 10% 

MINIMUM 

50%± 1 ns 

+1.SV 
+O.BV~ 1-

1 .5ns -i T fall 

NOTE: Trise and Tfall are "real load" dependent. The values indicated are for 6" of board trace 
(70 Ohm) with a 1 O pF capacitive load. See the Clock Driver Application Note. 

Applied Micro Circuits Corporation 
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AMCC 
SC3506 20-0UTPUT CLOCK DRIVER 

DESCRIPTION OF OPERATION 
(Refer to Logic Diagrams) 

AMCC has developed a single-chip clock shape and 
20-output fan-out device using AMCC's advanced 
BiCMOS process. This design has been optimized 
for clock symmetry and absolute minimum skew 
across all twenty outputs. 

For highest performance this approach requires a 
clock source input from a crystal-controlled oscillator 
(XCO) located adjacent to this clock driver. This 
oscillator, operating between +5V and ground, can 
provide either differential ECL inputs (referenced to 
+5V, PECL) or TTL (CMOS) input levels to AMCC's 
Clock Driver. The input selection is accomplished via 
the "Clock Sel" input where a "HIGH" level activates 
the differential ECL input and a "LOW" activates the 
TTL input. This input clock will be fanned out to a 
divide-down counter and master-slave flip-flops for 
synchronization (refer to the Logic Diagrams). 

The RESET input is provided to hold off or clear the 
outputs as may be required by the user's system. 
This pin may be logically driven from a TTL output. 
Optionally, if a capacitor (4.7uF = -100 ms) is con
nected between this pin and ground, the device will 
respond with a "power up reset"-a delay in the 
clock outputs becoming active. At the onset of RESET 
(low) the outputs will go low following five falling 
edge clock inputs (four clock inputs for the SC3506). 
At the expiration of RESET (high) outputs will re
sume, after five falling edge clock inputs (four clock 
inputs for the SC3506), from a high (leading edge) 
count origin (see Figure 5, Reset To Output Timing 
in the Clock Driver Application Note). 

SC3506 Relative Output Timing 

10-8 

The output drivers are rise and fall slew rate con
trolled to -1.5V/ns to minimize noise and distortion 
resulting from simultaneous switching of the 20 
outputs. These outputs also feature series termination 
(-40 Ohms) to significantly reduce the overshoot 
and undershoot of non-terminated transmission 
lines. This will satisfy printed circuit line impedances 
of 65-75 Ohms terminated into 15 pF (two IC input 
package receiver pins). When applications require 
large load capacitance (>25pF with 50 Ohm P.C. 
board impedance) and/or large peak voltage amplitudes 
(>3.5 Volts), two adjacent drivers may be 
paralleled, thereby halving the series resistance and 
doubling the peak current. 

Power and ground are interdigitated with the outputs. Of 
the 52 package pins, 22 are used for low impedance 
on-chip power distribution. Due to the simultaneous 
switching of outputs, low impedance +Vee and ground 
planes within the P.C. board are recommended, as 
well as substantial decoupling capacitance (see the 
Clock Driver Application Note for recommendations). 

The IC package and die layouts are tightly coupled to 
assure precise matching of all of the outputs. Collec
tively, the resistance, inductance, and capacitance of 
the package and wire bonding is managed to insure 
that the clock driver will exhibit skews less than the 
specified maximum. A plastic 52-lead quad flat pack 
with .039" lead pitch is employed with an outer lead 
square footprint of approximately 0.7" per side. 

Applied Micro Circuits Corporation 
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AMCC 
20-0UTPUT CLOCK DRIVER SC3506 

AC Test/Evaluation Circuit 

Vee= +5.0V 

10 10 10 10 10 10 

SC3506 

5 2.0 2.0 2.0 2.0 2.0 2.0 10 

-6 INCHES of 70 OHM P.C.B. 

NOTES: All inductance is in nH. Capacitance is in pF. 
At frequencies above 50 MHz, a single point load destination is recommended. 

SC3506 has no frequency selection capabilities. 

SC3506 Pinout 

RESET 
GND 
FB4 

GND 
FB3 
vcc 
FB2 

GND 
FB1 
vcc 
FBO 
vcc 
vcc 

Applied Micro Circuits Corporation 
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PECLOSCP 
PECLOSCN 
FB9 
vcc 
FBB 
GND 

FB7 
vcc 
FB6 
GND 
FB5 
NC 
NC 

C1oad 
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AMCC 
SC3506 20-0UTPUT CLOCK DRIVER 

Power Management 

The overall goal of managing the power dissipated 
by the clock driver is to limit its junction (die) tempera
ture to 140°C. A major component of the power dissi
pated internally by the clock driver is determined by 
the load that each output drives and the frequency 
that each output is running. The "Output Power Dis
sipation" table summarizes these dependencies (see 
the "AC Test/Evaluation Circuit", for complete load 
definition). 

The output power must be added to the core power 
(600 mW) of the clock driver to determine the total 
power being dissipated by the clock driver. This total 
power is then multiplied by the clock driver's thermal 
resistance, with the result being added to the ambient 
temperature to determine the junction temperature of 
the SC3506. For greatest reliability, this junction 
temperature should not exceed 140°C. The thermal 
resistance for the clock driver is detailed in the 52-
pin PQFP Thermal Dissipation vs. Airflow graph in 
the Package appendix at the end of this section. 

Output Power Dissipation 

For example: An application utilizes an clock driver 
with 8 Fa outputs driving 1 o pF loads at 66 MHz, 3 Fb 
outputs driving 5 pF loads at 33 MHz and 2 Fe out
puts driving 15 pF loads at 33 MHz. Total chip power 
is calculated as follows: 

Core Power (SC3500) 

8 Fa, 10 pF, 66 MHz= (8 x 47 mW) 
2 Fa, no load, 66 MHz = (2 x 16 mW) 
3 Fb, 5 pF, 33 MHz= (3 x 19 mW) 
2 Fb, no load, 33 MHz = (2 x 12 mW) 
2 Fe, 15 pF, 33 MHz= (2 x 24 mW) 
3 Fe, no load, 33 MHz = (3 x 12 mW) 

= 600mW 

= 376mW 
= 32 mW 
= 57 mW 
= 24 mW 
= 48 mW 
= 36 mW 

Total Power = 1173mW 

The design specifies a 70"C still air ambient. Refer
ring to the 52-pin PQFP Thermal Dissipation vs. Air
flow graph in the Package appendix, the E>ja for still 
air is 46.2°C/watt. The clock driver's junction 
temperature would then be: 

1o·c + (1.173 watts x 46.2"C/watt) = 124 ·c 
Note this is below the 140"C maximum junction 
temperature. 

FREQUENCY CLoAo=5pF CLOAo=10pF CLoAo=15pF CLoAo=25pF NO LOAD 

80 MHz 42mW 51 mW 

66MHz 38mW 47mW 

50MHz 28mW 33mW 

40MHz 25mW 30mW 

33 MHz 19mW 22mW 

25 MHz 16mW 18mW 

20 MHz 14mW 16mW 

SC3506 Product Selection Guide 

Output Frequency 
with Respect to Input Frequency 

Number of Number of Number of 
Total Outputs Outputs Outputs 

PIN Outputs +1 +2 + 2 or4 

SC3506 20 10 10 NIA 

10-10 

61 mW 88mW 18mW 

55mW 75mW 16mW 

39mW 60mW 14mW 

36mW 52mW 13mW 

24mW 46mW 12mW 

20mW 32mW 11 mW 

18mW 24mW 10mW 

Special Features Package 

- 52 PQFP 

Applied Micro Circuits Corporation 
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AMCC 
20-0UTPUT CLOCK DRIVER SC3506 

Ordering Information 

AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: • Device Number 

SC3506 Q -1 !TD 

L 

Example: SC3506Q-1/D 

• Package Type 
• Skew Option (if applicable) 
• Optional Shipping Configuration 

Optional Shipping Configuration 
Blank = 84-unit matrix tray 
ID= dry pack 
!TD =tape, reel and dry pack 

Skew Option 
Blank= 1.0 ns output-output skew 
-1 = 500 ps output-output skew 
- 2 = 1.0 ns chip-to-chip skew 

Package Option 
Q = 52-pin Plastic Quad Flat Pack (PQFP) 

Device Number 

52-pin PQFP package, 500 ps output-output skew, 
shipped dry packed in the standard matrix tray. 

Part Number Standard -1 -2 

SC3506 

Applied Micro Circuits Corporation 
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AMCC 
SC3506 20-0UTPUT CLOCK DRIVER 
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DEVICE SPECIFICATION AMCC® 
20-0UTPUT LVTTL CLOCK DRIVERS SC3306/08 

FEATURES 
• 20 clock outputs: 

- Ten or twenty outputs (SC3308) at primary 
frequency, up to 80 MHz 

- Ten outputs at 1/2 primary frequency (SC3306) 
• All outputs are leading edge synchronized 

to within ~0.5 ns 
• Proprietary output drivers with: 

- Complementary 24 mA peak outputs, 
source and sink 

- 65-750 source series termination 
- Dynamic drive adjustment to match load 

conditions 
- Edge rates less than 1.5 ns 

• Output levels comply with JEDEC L VTTL 
standard 

• +5V Vee supply 
• 52 PQFP package 
• Minimizes the ground-bounce, overshoot, 

and ringing problems often encountered 
when using CMOS and Bipolar drivers 

APPLICATIONS 

• Compatible with Intel's Pentium™ and 
Pentium Pro™ processors, and PowerPC™ 
603/604 processors 

• PCI Bus clock distribution 
• Workstation and server systems with 

high clock fanout 
• Datacom and Telecom networks 

SC3306 Logic Diagram 

+SV 

S - R 

+SV 

0--
GND 

0--
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GENERAL DESCRIPTION 

The SC3306 and SC3308 are precision low skew 
clock drivers with 20 outputs. These employ a clock 
input from a single-ended TTL or an ECL differen
tial source operating between +5V and ground 
(PECL). This reference frequency input is received 
and distributed to divide-by-two or master-slave flip
flops. The resultant output is distributed to the clock 
output drivers. All outputs conform with JEDEC 
LVTTL levels. 

Applied Micro Circuits Corporation (AMCC) uses 
proprietary complementary (source and sink) 24 
mA peak output drivers. In addition to their drive 
capability, these circuits provide "source (series) 
termination" at the TIL outputs that minimize over/ 
undershoot without requiring on-board termination 
networks. They are designed for a maximum output 
slew rate of =1.5V/ns to minimize simultaneous out
put-switching noise and distortion. 

Fa0-4 

Fa5-9 

Fb0-4 

Fb5-9 
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AMCC 
SC3306/08 20-0UTPUT LVTTL CLOCK DRIVERS 

SC3308 Logic Diagram 

+Vee 

RESET 

+5V 

0--
GND 

0--

SC3306/08 Product Selection Guide 
Output Frequency 

with Respect to Input Frequency 

Number of Number of 
PIN Total Outputs Outputs+ 1 Outputs+2 

SC3306 20 10 10 

SC3308 20 20 N/A 

10-14 

Fa 

Fb 

Fe 

Fd 

Special Features Package 

52 PQFP 

52 PQFP 
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AMCC 
20-0UTPUT LVTTL CLOCK DRIVERS SC3306/08 

Absolute Maximum Ratings Capacitance {package and die total) 

Storage Temperature ......................... -55° to + 150°C Input Pins ......................................................... 5.0 pF 
Vee Potential to Ground ..................... -0.5V to +7.0V TTL Output Pins ............................................... 5.0 pF 
Input Voltage ........................................ -0.5V to +Vee 
Static Discharge Voltage ............................... >1750V 
Maximum Junction Temperature ................... +140°C 
Latch-up Current .......................................... >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 

Electrical Characteristics 

Vee= +5.0V ± 5%, Ta= 0°C to+ 70°C (reference "AC Test/Evaluation Circuit") 

Symbol Parameter Conditions Min Max Unit 

VrH Input HIGH Voltage (PECL) Differential Source-PECL VrL +0.4 Vee v 
Input HIGH Voltage (TTL) All TTL Inputs 2.0 Vee v 

VrL Input LOW Voltage (PECL) Differential Source-PECL Vee ·2.0 VrH -0.4 v 
Input LOW Voltage (TTL) All TTL Inputs -0.5 0.8 v 

lrH Input HIGH Current (PECL) VrN =Vee (max) 200 uA 
CLKSEL VrN =Vee (max) 350 uA 
RESET VrN = 2.4V -200 uA 
TTL VrN =2.4V 15 uA 

lrL Input LOW Current (PECL) VrN =Vee -2.0V 15 uA 
CLKSEL VrN = 0.4V 25 uA 
RESET VrN=0.5V -325 uA 
TTL VrN = 0.4V 15 uA 

VoH Output HIGH Voltage FouT = SOM Hz, CL = 1 OpF 2.3 3.65 v 
VoL Output LOW Voltage FouT = BOMHz, CL= 1 OpF 0.4V v 

loHs1 Output HIGH Short Ckt Current Output High, VouT = OV Typ -45 mA 
loLs1 Output LOW Short Ckt Current Output Low, VouT =Vee Typ 55 mA 
PWR Static Core Power Dissipation SC3306, 70°C, Typ Pwr=370mW 600 mW 

SC3308, 70'C, Typ Pwr=370mW 600 mW 

1. Maximum test duration, one second. 
2. The driver feature source series termination of approximately 40 Ohms to assist in matching 65-75 Ohm P.C. board environments. 

PECL Differential Input Voltage Range 

VIH VIH 
INPUT DIFFERENTIA;>< V1D ~ 400mV 
VIL '-· ----VIL 

Vcc ·2.ov 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

DC Characteristics 

The outputs have been designed specifically for 
clock distribution. In the development of this product, 
AMCC has made several trade-offs between the • 
historic "high-drive, totem-pole outputs" and AMCC's 1 
dynamically adjusting source series terminated outputs. 
As a result of this, the outputs will dynamically 
source and sink a symmetrical 24 mA of current. In 
a DC state, it exhibits the following specifications: 

Conditions Min Max 

VoH loH = -2mA 2.1V 

Vol loL= 2mA 0.6V 
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AC Specifications-Using "AC Test/Evaluation Circuit" 

Vee= +5.0V ± 5%, Ta= 0°C to +70°C, CLOAD = 10pF 

Parameter SC3306 

Maximum Skew Across All Outputs 

Options: Standard 1.0 
-1 0.5 

Maximum Skew within an Output Group 0.25 

Maximum Output Duty Cycle Asymmetry at 1.5V ±1.0 

Maximum TIL Input Frequency 80 

Maximum PECL Differential Input Frequency 80 

Maximum Rising/Falling Edge Rate 1.35/1.5 

Notes: 
1 . Skew is referenced to the rising and falling edges of all outputs. 
2. Output symmetry follows input symmetry for the 1 X outputs. 

SC3308 Units 

1.0 
0.5 ns 

0.25 ns 

- ns 

80 MHz 

80 MHz 

1.35/1.5 ns 

3. Asymmetry is defined as the deviation from a 50% duty cycle measured at 1.5V. Asymmetry will be 
affected by voltage, temperature, and load (including the length of the PC trace). 

4. Typical skew derating factor for different loads is 50ps/pF at 1.5V threshold. For example, a 5pF load 
difference equals a 250 ps skew difference. 

5. Edge rates are measured from O.BV to 2.0V. Load consists of a 6" board trace (70 Ohm) with a 10 pF 
capacitive load. See "AC Test/Evaluation Circuit." Synchronous outputs may be paralleled for higher 
loads. The maximum rising edge rate is specified at 5.0V and must be derated at 1.4ns/V forVcc <5.0V. 

6. Parameters guaranteed by design and characterization or tested. 

Threshold Crossing Characteristics 

CLOCK 
OUTPUT 

50%±10% 

50%±1 ns• 

NOTE: Trise and Tfall are "real load" dependent. The values indicated are for 6" of board 
trace (70 Ohm) with a 10 pF capacitive load. See the Clock Driver Application Note. 

•Applies only to divide-by-two outputs. 

Applied Micro Circuits Corporation 
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AC Test/Evaluation Circuit 

Vee= +5.0V 

10 10 10 10 10 10 

SC330X 

5 2.0 2.0 2.0 2.0 2.0 2.0 10 

1~ -6 INCHES of 70 OHM P.C.B. 

NOTES: All inductance is in nH. Capacitance is in pF. 
At frequencies above 50 MHz, a single point load destination is recommended. 

SC3306 Relative Output Timing 

INPUT 

Fb1, 
Fb2 

Fa1, 
Fa2 

SC3308 Relative Output Timing 

INPUT 

Fa, Fb, 
Fe, Fd 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

C1oad 
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DESCRIPTION OF OPERATION 
(Refer to Logic Diagram) 

AMCC has developed the clock drivers using an ad
vanced BiCMOS process. This design has been opti
mized for minimum skew across all twenty outputs. 

For highest performance this approach requires a 
clock source input from a crystal-controlled oscillator 
(XCO) located adjacent to the clock driver. This 
oscillator can provide either differential ECL inputs 
(referenced to +5V, PECL) or TTL (CMOS) input levels 
to the clock driver. The input selection is accom
plished via the "Clock Sel" input where a "HIGH" 
level activates the differential ECL input and a 
"LOW" activates the TTL input. This input clock will 
be fanned out to a toggle flip-flop or output flip-flops 
for synchronization, refer to Logic Diagrams. Using 
this methodology, the output duty cycle for the 1/2x 
outputs becomes largely a function of output driver 
slew rate into the AC load, and the duty cycle of the 
1 x outputs is a functions of the input clock wave
shape and the output driver slew rate into the AC 
load. 

The RESET input is provided to hold off or clear the 
outputs as may be required by the user's system. 
This pin may be logically driven from a TTL output. 
Optionally, if a capacitor (4.7uF = -100 ms) is con
nected between this pin and ground, the device will 
respond with a "power up resef'-a delay in the 
clock outputs becoming active. At the onset of 
RESET (low) the outputs will go low following four 
falling-edge clock inputs. At the expiration of RESET 
(high) outputs will resume, after four falling-edge 
clock inputs, from a high (leading edge) count origin 
(see Figure 5, Reset To Output Timing, in the Clock 
Driver Application Note). 

10-18 

The output drivers are rise and fall slew rate controlled 
to -1.5V/ns to minimize noise and distortion resulting 
from simultaneous switching of the 20 outputs. These 
outputs also feature series termination to signifi
cantly reduce the overshoot and undershoot of 
non-terminated transmission lines. This will satisfy 
printed circuit line impedances of 65-75 Ohms 
terminated into 15 pF (two IC input package receiver 
pins). When applications require large load capaci
tance (>25pF with 50 Ohm P.C. board impedance) 
and/or large peak voltage amplitudes, two adjacent 
drivers may be paralleled, thereby halving the series 
resistance and doubling the peak current (see the 
Clock Driver Application Note for Spice models). 

Power and ground are interdigitated with the outputs. 
Of the 52 package pins, 22 are used for low impedance 
on-chip power distribution. Due to the simultaneously 
switching outputs, low impedance +Vee and ground 
planes within the P.C. board are recommended, as 
well as substantial decoupling capacitance (see the 
Clock Driver Application Note for recommendations). 

The IC package and die layouts are tightly coupled 
to assure precise matching of all of the outputs. 
Collectively, the resistance, inductance, and capaci
tance of the package and wire bonding is managed 
to ensure that the clock driver will exhibit skews 
less than the specified maximum. A plastic 52-lead 
quad flat pack with .039" lead pitch is employed 
with an outer lead square footprint of approximately 
0.7" per side. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 
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Power Management 

The overall goal of managing the power dissipated by 
the clock driver is to limit its junction (die) temperature 
to 140°C. A major component of the power dissipated 
internally by the clock driver is determined by the load 
that each output drives and the frequency that each 
output is running. The "Output Power Dissipation" 
table summarizes these dependencies (see "AC Test/ 
Evaluation Circuif', for complete load definition). 

The output power must be added to the core power 
(600 mW) of the clock driver to determine the total 
power being dissipated by the clock driver. This total 
power is then multiplied by the clock driver's thermal 
resistance, with the result being added to the ambient 
temperature to determine the junction temperature of 
the clock driver. For greatest reliability, this junction 
temperature should not exceed 140°C. The thermal 
resistance for the clock driver is detailed in the 52-pin 
PQFP Thermal Dissipation vs. Airflow graph in the 
Package appendix at the end of this section. 

Output Power Dissipation 

FREQUENCY CLoAo=5pF CLoAo=10pF 
80 MHz 29mW 36mW 

66 MHz 27mW 33mW 

50 MHz 20mW 23mW 

40MHz 18mW 21 mW 

33 MHz 13mW 15mW 

25 MHz 11 mW 13mW 

20 MHz 10mW 11 mW 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

For example: An application utilizes a clock driver 
with 8 Fb outputs driving 10 pF loads at 66 MHz, 3 Fa 
outputs driving 5 pF loads at 33 MHz and 2 Fa out
puts driving 15 pF loads at 33 Mhz. Total chip power 
is calculated as follows: 

Core Power 

8 Fb, 10 pF, 66 MHz= (8 x 33 mW) 
2 Fb, no load, 66 MHz = (2 x 11 mW) 
3 Fa1, 5 pF, 33 MHz= (3 x 13 mW) 
2 Fa1, no load, 33 MHz= (2 x 8 mW) 
2 Fa2, 15 pF, 33 MHz= (2 x 17 mW) 
3 Fa2, no load, 33 MHz = (3 x 8 mW) 

= 600mW 

= 264mW 
= 22 mW 
= 39 mW 
= 16 mW 
= 34 mW 
=24 mW 

Total Power = 999 mW 

The design specifies a 70"C still air ambient. Refer
ring to the 52-pin PQFP Thermal Dissipation vs. Air
flow graph in the Package appendix, the 0ja for still 
air is 46.2"C/watt. The clock driver's junction tem
perature would then be: 

70"C + (.999 watts x 46.2"C/watt) = 116"C 

Note this is below the 140"C maximum junction tem
perature. 

CLoAo=15pF CLoAo=25pF NO LOAD 

43mW 62mW 13mW 

39mW 53mW 11 mW 

27mW 42mW 10mW 

25mW 36mW 9mW 

17mW 32mW BmW 

14mW 22mW BmW 

13mW 17mW 7mW 
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SC3306 Pinout SC3308 Pinout 

RESET 
GND 
FB4 

GND 
FB3 
vcc 
FB2 

GND 
FB1 
vcc 
FBD 
vcc 
VCC 
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PECLOSCP 
PECLOSCN 
FB9 
vcc 
FBB 
GND 
FB7 
vcc 
FB6 
GND 
FB5 
NC 
NC 

RESET 
GND 
FAD 

GND 
FA1 
vcc 
FA2 

GND 
FA3 
vcc 
FA4 
vcc 
vcc 

Ordering Information 

AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: • Device Number 

SC330X -1 

L 

• Package Type 
• Skew Option (If applicable) 
• Optional Shipping Configuration 

Optional Shipping Configuration 
Blank= 84-unlt matrix tray 
/D =dry pack 
/TD = tape, reel and dry pack 

'--------- Skew Option 
Blank = 1.0 ns output-output skew 
-1 = 500 ps output-output skew 

Package Option 
Q = 52-pin Plastic Quad Flat Pack (PQFP) 

Device Number 

Example: SC330XQ-1/D 
52-pin PQFP package, 500 ps output-output skew, 
shipped dry packed in the standard matrix tray. 

Part Number Standard 

SC3306 

SC3308 

-1 

PECLOSCP 
PECLOSCN 
FC4 
vcc 
FC3 
GNO 
FC2 
vcc 
FC1 
GND 
FCO 
NC 
NC 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



DEVICE SPECIFICATION 
AMCC® 

10 AND 14-0UTPUT LVTTL CLOCK DRIVERS SC3318/68 

FEATURES 
• Ten or fourteen clock outputs 

- Outputs operate at frequencies up to 80 MHz 
- Outputs grouped in two banks of five outputs 

on SC3318 
- Outputs grouped in a bank of six and a bank of 

eight outputs on the SC3368 
• All outputs are leading-edge synchronized 

to within ~0.5 ns 
• Proprietary output drivers with: 

- Complementary 24 mA peak outputs, 
source and sink 

- 65-750 source series termination 
- Dynamic drive adjustment to match load 

conditions 
- Edge rates less than 1.5 ns 

• Output levels comply with JEDEC LVTTL 
standard 

• +5V Vee Supply 
• 28 SOIC package 
• Minimizes the ground-bounce, overshoot, 

and ringing problems often encountered 
when using CMOS and Bipolar drivers 

SC3318 Logic Diagram 

+Vee 

+5V 

0--
GND 

0--

Applied Micro Circuits Corporation 

APPLICATIONS 

• Datacom and Telecom networks 

• Compatible with PowerPC™ processors 
• PCI Bus clock distribution 
• Workstation and server systems with 

high clock fanout 
• Compatible with Intel's Pentium™ and 

Pentium Pro™ processors 

GENERAL DESCRIPTION 

The SC3318 and SC3368 are minimum skew clock 
drivers with ten or fourteen outputs. They employ a 
clock input from a single-ended TTL or an ECL differ
ential source operating between +5V and ground. 
This reference frequency input is received and distrib
uted to the clock output drivers. All outputs are 
"clamped" to conform with JEDEC LVTTL levels. 

Applied Micro Circuits Corporation (AMCC) uses 
proprietary complementary (source and sink) 24 mA 
peak output drivers. In addition to their drive capability, 
these circuits provide "source (series) termination" at 
the TTL outputs that minimize over/undershoot without 
requiring on-board termination networks. They are 
designed for a maximum output slew rate of =1.5V/ns 
to minimize simultaneous output-switching noise and 
distortion. 

There are no Fa outputs on the SC3318 

Fb 

Fe 

6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 10-21 
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SC3368 Logic Diagram 

There are no Fa outputs on the SC3368 

Fe 

+VCC 

Fb 

SC3318/68 Product Selection Guide 
Output Frequency 

with Respect to Input Frequency 

Total Number of Number of 
PIN Outputs Outputs+ 1 Outputs+ 2 Special Features Package 

SC3318 10 10 N/A 28SOIC 

SC3368 14 6 8 
Selectable single or 

28 SOIC 
dual clock input. 

AC Test/Evaluation Circuit 

Vcc=+5.0V 

10 10 10 10 10 10 

SC33XX 

C1oad 
2.0 2.0 2.0 2.0 2.0 2.0 10 

-6 INCHES of 70 OHM P.C.B. 

NOTES: All inductance is in nH. Capacitance is in pF. 
At frequencies above 50 MHz, a single point load destination is recommended. 

Applied Micro Circuits Corporation 
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Absolute Maximum Ratings Capacitance (package and die total) 

Storage Temperature ......................... -55° to + 150°C Input Pins ......................................................... 5.0 pF 
Vee Potential to Ground ..................... -0.5V to +7.0V TTL Output Pins ............................................... 5.0 pF 
Input Voltage ........................................ -0.5V to +Vee 
Static Discharge Voltage ............................... > 1750V 
Maximum Junction Temperature ................... +140°C 
Latch-up Current .......................................... >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 

Electrical Characteristics 
Vee= +5.0V ± 5%, Ta= 0°C to+ 70°C (reference "AC TesVEvaluation Circuit") 

Symbol Parameter Conditions Min Max Unit 

V1H Input HIGH Voltage (PECL) Differential Source-PECL V1L +0.4 +Vee v 
Input HIGH Voltage (TTL) All TTL Inputs 2.0 Vee+ 0.3 v 

V1L Input LOW Voltage (PECL) Differential Source-PECL Vee-2.0 V1H -0.4 v 
Input LOW Voltage (TTL) All TTL Inputs -0.5 0.8 v 

l1H Input HIGH Current (PECL) V1N =Vee (max) 200 uA 
CLKSEL V1N =Vee (max) 350 uA 
RESET V1N = 2.4V -200 uA 
TTL V1N = 2.4V 15 uA 

l1L Input LOW Current (PECL) V1N =Vee -2.0V 15 uA 
CLKSEL V1N = 0.4V 25 uA 
RESET V1N=0.5V -325 uA 
TTL V1N = 0.4V 15 uA 

VoH Output HIGH Voltage Four= BO MHz, CL = 1 OpF 2.3 3.65 v 
VoL Output LOW Voltage Four= BO MHz, CL = 1 OpF 0.4V v 

loHS1 Output HIGH Short Ckt Current Output High, Vour = OV Typ -45 mA 

loLs1 Output LOW Short Ckt Current Output Low, Vour =Vee Typ 55 mA 
PWR Static Core Power Dissipation SC3318, 70°, Typ Pwr=340mW 550 mW 

SC3327, 70", Typ Pwr=290mW 475 mW 
SC3367, 70", Typ Pwr=250mW 400 mW 
SC3368, 70", Typ Pwr=250mW 400 mW 

1. Maximum test duration, one second. 
2. The Se3318/68 features source series termination of approximately 

40 Ohms to assist in matching 65-75 Ohm P.e. board environments. 
3. Maximum VoH level is specified at so·e and must be derated by 10mvre for T8 > so·e. 

PECL Differential Input Voltage Range DC Characteristics 

VIH ,.-----VJH 

INPUT DIFFERENTIA;>< VID :2: 400mV 

~L ~L 
Vcc-2.ov 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

The outputs have been designed specifically for 
clock distribution. In the development of this product, a 
AMCC has made several trade-offs between the his-
toric "high-drive, totem-pole outputs" and AMCC's 
dynamically adjusting source series terminated out-
puts. As a result of this, the output will dynamically 
source and sink a symmetrical 24 mA of current. In a 
DC state, it exhibits the following specifications: 

Conditions Min Max 

VoH loH = -2mA 2.1V 

VoL loL=2mA 0.6V 
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Notes: 

AC Specifications-Using "AC Test/Evaluation Circuit" 
Vee= +5.0V ± 5%, Ta= 0°C to 70°C, CLOAD = 10pF 

Parameter SC3318 
Maximum Skew Across Fb Outputs 250 

Maximum Skew Across Fe Outputs 250 
Maximum Skew Across Fb and Fe Outputs, 
CLKSEL=O 
Maximum Skew Across All Outputs 

Options: Standard -
-1 0.5 

Delay of Fb from Fe outputs (CLKSEL = 1) -[Tdly or Tcb] 

Delay of Fe from Fd outputs -[Tdc] 

Maximum Output Duty Cycle Asymmetry 

Maximum TTL Input Frequency 80 

Maximum TTL Output Frequency 80 

Maximum PECL Differential Input Frequency 80 

Maximum Rising/Falling Edge Rate 1.5 

SC3368 Units 
500 ps 

250 ps 

500 ps 

ns 

Min.SO ps 
Typ. 0.5 ns 
Max. 1.0 ns 

ns 
ns 
ns 

Min. 45% 
% 

Max. 55% 

80 MHz 

80 MHz 

MHz 

1.5 ns 

1. Skew is referenced to the rising and falling edges of all outputs. 
2. Output Duty Cycle Asymmetry is defined as the duty cycle deviation from 50%, measured at 1.5V. Output Duty Cycle will also 

be affected by voltage and load (Including the length of the PC trace). 
3. Typical skew deratlng factor for different loads is 50ps/pF at 1.5V threshold. For example, a 5pF load difference equals a 250 

ps skew difference. 
4. Edge rates are measured from O.BV to 2.0V. Load consists of a 6' board trace (70 Ohm) with a 10 pF capacitive load. See 

"AC TesVEvaluatlon Circuit." Synchronous outputs may be paralleled for high loads. 
5. Parameters guaranteed by design and characterization or tested. 
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Threshold Crossing Characteristics 

CLOCK 
OUTPUT 

50%±10% 

50%±5% 

NOTE: Trise and Tfall are "real load" dependent. The values indicated are for 6" of 
board trace (70 Ohm) with a 10 pF capacitive load. See the Clock Driver Application Note. 

Applied Micro Circuits Corporation 
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DESCRIPTION OF OPERATION 
(Refer to Logic Diagram) 

AMCC has developed ten and fourteen-output clock 
buffer drivers using AMCC's advanced BiCMOS pro
cess. These designs have been optimized for mini
mum skew across all outputs. 

The clock source input for these devices may oper
ate between +5V and ground and can provide ei
ther differential ECL inputs (referenced to +5V, 
PECL) or single-ended TTL (CMOS) input levels to 
AMCC's Clock Drivers. This selection is accom
plished by use of the CLKSEL pin (on the SC3318), 
where logic LOW (or "float") selects TTL and logic 
HIGH selects PECL. On the SC3368, CLKSEL 
chooses the source of the clock for the Fb outputs. 
When CLKSEL is low the TTLOSCO input drives the 
Fb outputs and when CLKSEL is high a divide-by
two version of the TTLOSC1 input drives the Fb out
puts. This input clock will be fanned out to translation 
amplifiers and output drivers, refer to the Logic Dia
grams. The output duty factor asymmetry becomes 
largely a function of the input clock waveshape and 
the output driver slew rate into the AC load. 

The RESET input is provided to hold off or clear the 
outputs, as may be required by the user's system. 
This pin may be logically driven from a TTL output. 
Optionally, if a capacitor (4.7uF = -100ms) is con
nected between this pin and ground, the device will 
respond with a "power up reset"-a delay in the 
clock outputs becoming active. At the onset of RE
SET (low) the outputs will go low following four fall
ing edge clock inputs (three falling edge clock inputs 
for the SC3368). At the expiration of RESET (high) 
the outputs will resume after four falling edge clock 
inputs (three falling edge clock inputs for the 
SC3368), from a high (leading edge) count origin. 
The reset function is only operational when 
CLKSEL=1. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

The output drivers are rise and fall slew rate con
trolled to -1.5V/ns to minimize noise and distortion 
resulting from simultaneous switching of the outputs. 
These outputs also feature series termination (-40 
Ohms) to significantly reduce the overshoot and un
dershoot of non-terminated transmission lines. This 
will satisfy printed circuit line impedances of 65 to 75 
Ohms terminated into 15 pF (two IC input package 
receiver pins). When applications require large load 
capacitance (>25pF with 50 Ohm P.C. board imped
ance at higher frequencies). and/or large peak volt
age amplitudes, two adjacent drivers may be 
paralleled, thereby halving the series resistance 
and doubling the peak current (see the Clock 
Driver Application Note for spice models). 

Power and ground are interdigitated with the outputs. 
Of the 28 package pins, 1 O are used for low impedance 
on-chip power distribution. Due to the simultaneous 
switching of outputs, low impedance +Vee and ground 
planes within the P.C. board are recommended, as well 
as substantial decoupling capacitance (see the Clock 
Driver Application Note for recommendations). 

The IC package and die layouts are tightly coupled 
to assure precise matching of all of the outputs. 
Collectively, the resistance, inductance, and capacitance 
of the package and wire bonding is managed to 
insure that the clock drivers will exhibit skews less 
than the specified maximum. A plastic 28-lead 
small outline package with .050" lead pitch is em
ployed with an outer lead rectangular footprint of 
approximately 0.7' by 0.4". 
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SC3368 Application Examples 

Example1. 
Low Skew, Single Reference Frequency Mode 

Six outputs at the primary frequency and eight 
outputs at half the primary frequency; each group 
internally synchronized. The 33 MHz outputs are 
delayed from the 66 MHz outputs by =500 ps. 

66MHz j ee MHz TTLOSC1 Fe 

SC3368 

Fb l" """'"' =500ps delay 
from 66MHz 

CLKSEL= 1 

Example3. 
Single Reference Frequency Mode, Synchronous 

All fourteen outputs will follow the input reference 
with a maximum skew of 500 ps across all outputs. 

TTLOSC1 

66MHz SC3368 
66MHz 

TTLOSC2 

CLKSEL=O 
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Example2. 
Dual Reference Frequency Mode, Asynchronous 

Six outputs at the primary frequency and eight 
outputs at the secondary frequency. 

50MHz 
J so MHz TTLOSC1 Fe 

SC3368 

33MHz 
TTL OSCO l" ""' Fb 

CLKSEL=O 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



AMCC 
10 AND 14-0UTPUT LVTTL CLOCK DRIVERS SC3318/68 

Power Management 

The overall goal of managing the power dissipated by 
the clock driver is to limit its junction (die) temperature 
to 140°C. A major component of the power dissipated 
internally by the clock driver is determined by the load 
that each output drives and the frequency that each 
output is running. The "Output Power Dissipation" 
table summarizes these dependencies (see "AC Test/ 
Evaluation Circuir, for complete load definition). 

The output power must be added to the core power 
(550 mW) of the clock driver to determine the total 
power being dissipated by the clock driver. This total 
power is then multiplied by the clock driver's thermal 
resistance, with the result being added to the ambient 
temperature to determine the junction temperature of 
the clock driver. For greatest reliability, this junction 
temperature should not exceed 140°C. The thermal 
resistance for the clock driver is detailed in the 28-pin 
SOIC Thermal Dissipation vs. Airflow graph in the 
Package appendix at the end of this section. 

Output Power Dissipation 

FREQUENCY CLoAo=5pF CLoAo=10pF 
80MHz 29mW 36mW 

66 MHz 27mW 33mW 

50 MHz 20mW 23mW 

40MHz 18mW 21 mW 

33MHz 13mW 15mW 

25MHz 11 mW 13mW 

20 MHz 10mW 11 mW 

SC3318 Pinout 

GND 28 FC2 
FC3 2 27 vcc 
vcc 3 26 FC1 
FC4 4 25 GND 

PECLOSCN 5 24 FCO 
PECLOSCP 6 23 N/C 

TTLOSC 7 22 N/C 
CL KS EL 8 21 N/C 
RESET 9 20 vcc 

GND 10 19 FBO 
FB4 11 18 vcc 

GND 12 17 FB1 
FB3 13 16 GND 
vcc 14 15 FB2 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

For example: An application utilizes an clock driver 
with 8 outputs driving 10 pF loads at 66 MHz. Total 
chip power is calculated as follows: 

Core Power (SC3318) = 550 mW 

8 outputs, 10 pF, 66 MHz= (8 x 33 mW) = 264 mW 
2 outputs, no load, 66 MHz= (2 x 11 mW) = 22 mW 

Total Power = 836 mW 

The design specifies a 70"C still air ambient. Refer
ring to the 28-pin SOIC Thermal Dissipation vs. 
Airflow graph in the Package appendix, the 0ja for 
still air is 57. 7'C/watt. The clock driver's junction 
temperature would then be: 

1o·c + (0.836 watts x 57.7"C/watt) = 118"C 

Note this is below the 140"C maximum junction 
temperature. 

CLoAo=15pF CLoAo=25pF NO LOAD 

43mW 62mW 13mW 

39mW 53mW 11 mW 

27mW 42mW 10mW 

25mW 36mW 9mW 

17mW 32mW 8mW 

14mW 22mW 8mW 

13mW 17mW 7mW 

SC3368 Pinout 

GND FB3 
FB4 FB2 
FB5 vcc 
vcc FB1 

TILOSC1 GND 
FB6 FBO 
FB7 TILOSCO 

CLKSEL GND 
RESET vcc 

GND 10 FC5 
FCO 11 vcc 
vcc 12 FC4 
FC1 13 FC3 
FC2 14 GND 
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Ordering Information 

AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: • Device Number 

-1 

L 

Example: SC33XXS-1/D 

• Package Type 
• Skew Option (if applicable) 
• Optional Shipping Configuration 

Optional Shipping Configuration 
Blank = 25-unlt tube 
ID= dry pack 
rr = tape, reel and dry pack 

Skew Option 
Blank = standard output-output skew 
-1 = 500 ps output-output skew 

Package Option 
S = 28-pln Small Outline Integrated Circuit (SOIC) 

Device Number 

28-pln SOIC package, 500 ps output-output skew, 
shipped dry packed in the standard tube. 

PartNumbar Standard 

SC3318 NIA 

SC3368 

-1 

N/A 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



DEVICE SPECIFICATION 
AMCC® 

20-0UTPUT LVTTL CLOCK DRIVER S3LV308 

FEATURES 
• Twenty clock outputs: 

- Outputs operate at primary frequency up to 
100 MHz 

- Outputs grouped into four banks of five 
outputs 

• All outputs are leading edge synchronized 
to within 350ps 

• Proprietary output drivers with: 

- Complementary 24 mA peak outputs, 
source and sink 

- 65-750 source series termination 

- Dynamic drive adjustment to match load 
conditions 

- Edge rates less than 1.5 ns 

• Output levels comply with JEDEC LVTTL 
standard 

• +3.3V Vee 

• Minimizes the ground-bounce, overshoot, 
and ringing problems often encountered 
when using CMOS and Bipolar drivers 

APPLICATIONS 

• Compatible with Intel's Pentium™ and 
Pentium Pro™ processors, and PowerPC 
processors 

• PCI Bus clock distribution 

• Workstation and server systems with 
high clock fanout 

• Datacom and Telecom networks 

S3L V308 Logic Diagram 

RESET 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

GENERAL DESCRIPTION 

The S3LV308 is a precision low skew clock driver 
with 10, 14, or 20 outputs. They employ a clock input 
from a single-ended TTL or an ECL differential 
source operating between +3.3V and ground 
(PECL). This reference frequency input is received 
and distributed to symmetrical, divide-by-two, mas
ter-slave flip-flops. The resultant output is distributed 
to the clock output drivers. All outputs conform with 
JEDEC LVTTL levels. 

The 20 outputs are divided into groups: some groups 
operate at the primary frequency, equal to the input; 
some groups may operate at one half of the primary 
input frequency. 

Applied Micro Circuits Corporation (AMCC) uses 
proprietary complementary (source and sink) 24 mA 
peak output drivers. In addition to their drive capabil
ity, these circuits provide "source (series) termina
tion" at the TTL outputs that minimize over/ 
undershoot without requiring on-board termination 
networks. They are designed for a maximum output 
slew rate of ~1.5V/ns to minimize simultaneous out
put-switching noise and distortion. 

Fa 

Fb 

Fe 

Fd 
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AMCC 
S3LV308 20-0UTPUT LVTTL CLOCK DRIVER 

Absolute Maximum Ratings Capacitance (package and die total) 

Storage Temperature ......................... -55° to + 150°C Input Pins ......................................................... 5.0 pF 
Vee Potential to Ground ..................... -0.5V to +4.6V TTL Output Pins ............................................... 5.0 pF 
Input Voltage ................................ -0.5V to +Vee +0.5 
Static Discharge Voltage ............................... >1750V 
Maximum Junction Temperature ................... + 140°C 
Latch-up Current .......................................... >200 mA 
Operating Ambient Temperature ............ 0° to +70°C 

Electrical Characteristics 

Vee= 3.3V ±0.3V, Ta= 0°C to+ 70°C (reference "AC Test/Evaluation Circuit") 

Symbol Parameter Conditions Min Max Unit 

V1H Input HIGH Voltage (PECL) Differential Source-PECL V1L +0.4 Vee v 
Input HIGH Voltage (TTL) All TTL Inputs 2.0 Vee v 

V1L Input LOW Voltage (PECL) Differential Source-PECL Vee -2.0 V1H -0.4 v 
Input LOW Voltage (TTL) All TTL Inputs -0.5 0.8 v 

l1H Input HIGH Current (PECL} V1N =Vee (max) 200 uA 
TTL V1N = 2.4V 60 uA 

l1L Input LOW Current (PECL) V1N =Vee ·2.0V 15 uA 
TTL V1N = 0.4V 15 uA 

VoH Output HIGH Voltage FouT = 1 OOMHz, CL = 1 OpF 2.4 Vee +0.3V v 
VoL Output LOW Voltage FouT = 1 OOMHz, CL = 1 OpF 0.4V v 

loHs1 Output HIGH Short Ckt Current Output High, VouT = OV Typ -55 mA 

loLs1 Output LOW Short Ckt Current Output Low, VouT =Vee Typ 55 mA 
PWR Static Core Power Dissipation SSL V308 70°C T_yi:i_ Pwr 275 mW 450 mW 

1. Maximum test duration, one second. 
2. The S3LV308 features source series termination of approximately 

35 Ohms to assist in matching 68 Ohm P.e. board environments. 

PECL Differential Input Voltage Range 

VIH VIH 
INPUT DIFFERENTIAS>< VID;::: 400mV 
V1L -----v1L 

Vcc ·2.ov 

10-30 

DC Characteristics 

The outputs have been designed specifically for 
clock distribution. In the development of this product, 
AMCC has made several trade-offs between the 
historic "high-drive, totem-pole outputs" and AMCC's 
dynamically adjusting source series terminated outputs. 
As a result of this, the outputs will dynamically 
source and sink a symmetrical 24 mA of current. In 
a DC state, it exhibits the following specifications: 

Conditions Min Max 

VoH loH = -2mA 2.4V 

VoL loL = 2mA 0.4V 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



AMCC 
20-0UTPUT LVTTL CLOCK DRIVER S3LV308 

AC Specifications-Using "AC Test/Evaluation Circuit" 

Vee= 3.3V ± 0.3V, Ta= 0°C to +70°C, CLOAD = 10pF 

Parameter 53LV308 Units 
Maximum Skew Across Fb and Fe Outputs. ps CLKSEL=O 
Maximum Skew within an Output Group 250 ps 

Maximum Skew Across All Outputs 

Options: -1 350 ps 

Maximum Chip to Chip Skew 
Options: ps 

-1 - ps 
-2 1.0 ns 

Maximum Output Duty Cycle Asymmetry ±1.0 ns ns 

Maximum TTL Input Frequency 100 MHz 

Maximum TTL Output Frequency 100 MHz 

Maximum PECL Differential Input Frequency 100 MHz 

Maximum Rising/Falling Edge Rate 1.5 ns 

Notes: 

1. Skew is referenced to the rising and falling edges of all outputs. 
2. Output asymmetry applies to 1 X and 1 /2X outputs. 

3. Asymmetry is defined as the deviation from a 50% duty cycle measured at 1.5V. Asymmetry will be affected by 
voltage, temperature, and load (including the length of the PC trace). 

4. Typical skew derating factor for different loads is 50ps/pF at 1 .5V threshold. For example, a 5pF load difference 
equals a 250 ps skew difference. 

5. Edge rates are measured from O.BV to 2.0V. Load consists of a 6" board trace (70 Ohm) with a 10 pF capacitive 
load. See "AC Test/Evaluation Circuit." Synchronous outputs may be paralleled for higher loads. 

6. Parameters guaranteed by design and characterization or tested. 

Threshold Crossing Characteristics 

CLOCK 
OUTPUT 

50%± 10% 

50% ±1 ns 

NOTE: Trise and Tfall are "real load" dependent. The values indicated are for 6" of board 
trace (70 Ohm) with a 10 pF capacitive load. See the Clock Driver Application Note. 

Applied Micro Circuits Corporation 
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AMCC 
S3LV308 20-0UTPUT LVTTL CLOCK DRIVER 

DESCRIPTION OF OPERATION 
(Refer to Logic Diagram) 

AMCC has developed a twenty-output fan-out device 
using an advanced BiCMOS process. This design 
has been optimized for clock symmetry and absolute 
minimum skew across all twenty outputs. Two har
monic clock frequency groups are provided. 

For highest performance this approach requires a 
clock source input from a crystal-controlled oscillator 
(XCO) located adjacent to the clock drivers 
(S3LV308). This oscillator can provide either differen
tial ECL inputs (referenced to +3.3V, PECL) or TTL 
(CMOS) input levels to the clock driver. The input 
selection is accomplished via the "Clock Sel" input 
where a "HIGH" level activates the differential ECL 
input and a "LOW' activates the TTL input. This input 
clock will be fanned out to a toggle flip-flop and/or to 
output flip-flops for synchronization. (Refer to the 
Logic Diagrams.) Using this methodology, the output 
duty cycle for the F/2 groups becomes largely a func
tion of output driver slew rate into the AC load, and for 
F groups is determined by the input clock waveshape 
and the output driver slew rate into the AC load. 

The RESET input is provided to hold off or clear the 
outputs as may be required by the user's system. 
This pin may be logically driven from a TTL output. 
At the onset of RESET (low) the outputs will go low 
following four falling-edge clock inputs. At the expira
tion of RESET (high) outputs will resume, after four 
falling-edge clock inputs, from a high {leading edge) 
count origin (see Figure 5, Reset To Output Timing, 
in the Clock Driver Application Note). 

The output drivers are rise and fall slew rate controlled 
to -1 .5V /ns to minimize noise and distortion resulting 
from simultaneous switching of the 20 outputs. These 
outputs also feature series termination to signifi
cantly reduce the overshoot and undershoot of 
non-terminated transmission lines. This will satisfy 

S3L V308 Product Selection Guide 

Output Frequency 
with Respect to Input Frequency 

Total Number of Number of 
PIN Outputs Outputs+ 1 Outputs+ 2 

S3LV308 20 20 N/A 
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printed circuit line impedances of 65-75 Ohms 
terminated into 15 pF (two IC input package receiver 
pins). When applications require large load capaci
tance (>25pF with 50 Ohm P.C. board impedance) 
and/or large peak voltage amplitudes, two adjacent 
drivers may be paralleled, thereby halving the series 
resistance and doubling the peak current (see the 
Clock Driver Application Note for Spice models). 

Power and ground are interdigitated with the outputs. 
Of the 52 package pins, 22 are used for low impedance 
on-chip power distribution. Due to the simultaneously 
switching outputs, low impedance +Vee and ground 
planes within the P.C. board are recommended, as well 
as substantial decoupling capacitance (see the Clock 
Driver Application Note #1 for recommendations). 

The IC package and die layouts are tightly coupled 
to assure precise matching of all of the outputs. 
Collectively, the resistance, inductance, and capaci
tance of the package and wire bonding is managed 
to insure that the clock drivers will exhibit skews 
less than the specified maximum. A plastic 52-lead 
quad flat pack with .039" lead pitch is employed 
with an outer lead square footprint of approximately 
o. 7" per side. 

Special Features Package 

52 PQFP 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 
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20-0UTPUT LVTTL CLOCK DRIVER S3LV308 

Power Management 

The overall goal of managing the power dissipated 
by the clock driver is to limit its junction (die) tempera
ture to 140°C. A major component of the power 
dissipated internally by the clock driver is determined 
by the load that each output drives and the fre
quency that each output is running. The "Output 
Power Dissipation" table summarizes these depen
dencies (see "AC TesUEvaluation Circuit'', for com
plete load definition). 

The output power must be added to the core power 
(450 mW) of the clock driver to determine the total 
power being dissipated by the clock driver. This total 
power is then multiplied by the clock driver's thermal 
resistance, with the result being added to the ambient 
temperature to determine the junction temperature of 
the clock driver. For greatest reliability, this junction 
temperature should not exceed 140°C. The thermal 
resistance for the clock driver is detailed in the 52-
pin PQFP Thermal Dissipation vs. Airflow graph in 
the Package appendix at the end of this section. 

Output Power Dissipation 

FREQUENCY CLOAo=SpF CLOAo=10pF 

100 MHz 33mW 39mW 

80 MHz 29mW 36mW 

66 MHz 27mW 33mW 

50MHz 20mW 23mW 

40 MHz 18mW 21 mW 

33 MHz 13mW 15mW 

25 MHz 11 mW 13mW 

20MHz 10mW 11 mW 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

For example: An application utilizes an clock driver 
with 8 Fb outputs driving 10 pF loads at 66 MHz, 3 
Fa outputs driving 5 pF loads at 66 MHz and 2 Fa 
outputs driving 15 pF loads at 66 Mhz. Total chip 
power is calculated as follows: 

Core Power 

8 Fb, 10 pF, 66 MHz= (8 x 33 mW) 
2 Fb, no load, 66 MHz = (2 x 11 mW) 
3 Fa1, 5 pF, 66 MHz= (3 x 27 mW) 
2 Fa1, no load, 66 MHz= (2 x 11 mW) 
2 Fa2, 15 pF, 66 MHz= (2 x 39 mW) 
3 Fa2, no load, 66 MHz= (3 x 11 mW) 

= 450 mW 

= 376mW 
= 22 mW 
= 81 mW 
= 22 mW 
= 78 mW 
= 33 mW 

Total Power= 1062 mW 

The design specifies a 70"C still air ambient. Refer
ring to the 52-pin PQFP Thermal Dissipation vs. Air
flow graph in the Package appendix, the 8ja for still 
air is 46.2"C/watt. The clock driver's junction 
temperature would then be: 

70"C + (1.062 watts x 46.2"C/watt) = 119"C 

Note this is below the 140"C maximum junction 
temperature. 

CLOAo=15pF CLoAo=25pF NO LOAD 

47mW 70mW 15mW 

43mW 62mW 13mW 

39mW 53mW 11 mW 

27mW 42mW 10 mW 

25mW 36mW 9mW 

17mW 32mW 8mW 

14mW 22mW 8mW 

13mW 17mW ?mW 
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AC Test/Evaluation Circuit 

Vcc=+3.3V 

10 10 10 10 10 10 

S3LV308 

C1oad 
5 2.0 2.0 2.0 2.0 2.0 2.0 10 

-6 INCHES of 70 OHM P.C.B. 

NOTES: All inductance is in nH. Capacitance is in pF. 
At frequencies above 50 MHz, a single point load destination is recommended. 

53L V308 Pinout 

RESET 
GND 
FAQ 

GND 
FA1 
vcc 
FA2 

GND 

FA3 
vcc 
FA4 

vcc 
VCC 

PECLOSCP 
PECLOSCN 
FC4 
vcc 
FC3 
GND 

FC2 
vcc 
FC1 
GND 
FCO 
NC 
NC 

Applied Micro Circuits Corporation 
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Ordering Information 

AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: • Device Number 

S3LV308 Q -1 /TD 

L 

Example: S3LV308Q-1/D 

• Package Type 
• Skew Option (if applicable) 
• Optional Shipping Configuration 

Optional Shipping Configuration 
Blank = 84-unit matrix tray (for 52 PQFP) 

25-unit tube (for 28 SOIC) 
ID= dry pack 
/TD = tape, reel and dry pack 

Skew Option 
- 1 = 350 ps output-output skew 
- 2 = chip-to-chip output skew 
Package Option 
Q = 52-pin Plastic Quad Flat Pack (PQFP) 

Device Number 

52-pin PQFP package, 500 ps output-output skew, 
shipped dry packed in the standard matrix tray. 

Applied Micro Circuits Corporation 
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The SC35XX Family of Clock Drivers have been 
designed to provide single chip solutions which ease 
clock distribution for TTUCMOS 1/0 compatible 
microprocessor based systems. 

All products have a generous supply (10 or 20) of 
the various derived frequency outputs to avoid over
loading any one output. The outputs may also be 
used in parallel for driving particularly heavy loads. 
The availability of numerous clock outputs reduces 
the need to "daisy chain" or "branch" loads. The end 
benefit to the user is reduced clock skew with a high 
quality received wave form. By virtue of this single 
chip providing clock shape, clock edge alignment 
and clock fanout, the system designer's task is re
duced to providing load balance and careful PC 
board layout. 

The "Appnote" describes and discusses: 

• Frequency Sources 

• Skew Management 

• Clock Waveform Signal Integrity 

• Chip Power Estimations 

• High Capacitance Loads 

• Output Symmetry Compensation 

• Reset Control and Timing 

• Use of Multiple Clock Chips in a System
Primary and Secondary Distribution 

FREQUENCY SOURCE 

It is suggested that the basic Frequency Source be a 
low cost crystal-controlled oscillator (XCO). Fre
quency tolerance and stability are offered from 
0.05% (500PPM) to 0.001% (10PPM), with 0.01% 
(1 OOPPM) being readily available at competitive 
prices. These crystal oscillators should be accept
able over most operating temperature ranges. Only 
with large temperature fluctuations during operation 
would the higher priced temperature compensated 
crystal oscillator (TCXO) be suggested. TTL output 
devices are available up to 100 MHz with ECL out
put devices spanning the entire range of interest, 
from 30 to 200 MHz. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

AMCC® 
CLOCK DRIVER APPLICATION NOTE 

An appended list of domestic sources for these oscil
lators, including phone numbers is provided. While 
this list is not all inclusive, it will provide an initial 
reference (See Appendix A). 

NOTE: The SC35XX PECL (Positive 5 -Volt ECL) 
Inputs are designed to interface with an ECL output 
oscillator operating at ground to +5.0 Volts. The 
oscillator's complementary emitter follower outputs 
may be "self-terminated" within the package by 200 
to 500 Ohm pull down resistors to ground (-Vee) or 
they may be terminated discretely via resistors on 
the PC board. The oscillator should be placed close 
(<3") to the SC35XX driver. 

CLOCK SKEW MANAGEMENT 

The SC35XX has been designed to reduce the sys
tem level Clock Skew Management task to two basic 
design issues. 

1) Balancing clock trace delays 

Balancing clock trace delays requires the use of 
equal lengths of microstrip and stripline traces on 
each clock line 

"Microstrip," which is a single surface conductor over 
a distributed ground or power plane, has a nominal 
propagation delay of approximately 150 pS per inch 
(see Figure 1 ). 

"Stripline," which is a buried conductor sandwiched 
between two ground or power planes, has a nominal 
propagation delay of approximately 200 pS per inch. 

To match clock trace lengths, when the receiving 
devices are differing "Manhattan" distances from the 
SC35XX drive, the PC trace must be lengthened to 
the closer loads. This can be accomplished by form
ing a "serpentine" path (Figure 2). 

2) Matching the end-of-line load capacitance 

Variations in the end-of-line lumped-load capacitance 
will increase or decrease the clock signal's rise and 
fall time. These changes will be approximately 0.5 ns 
per 10 pF over the range of 10 to 40 pF. Be sure to 
verify the receiving input package capacitance of all 
clock receptors. Typically, plastic flat packs have the 
lowest input pin capacitance and ceramic pin grid ar
rays (PGAs) have the highest. PGAs also have the 
disadvantage that their plated thru holes can add sig
nificant capacitance (up to 10 pF or more). This 
should be checked with a capacitance meter. 
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AMCC 
CLOCK DRIVER APPLICATION NOTE 

Figure 1 

Microstrip 

Stripline 

!· 
CLOCK WAVEFORM SIGNAL INTEGRITY 

Clock waveform signal integrity refers to the control 
of noise margin and receiver threshold crossing dis
tortions. DC margins for TTL 1/0 levels are often 
secondary when operating frequencies exceed 25 
MHz. This is due to the overriding effects of "over
shoot/undershoot" (i.e., ringing) or poorly terminated 
transmission lines causing reflections on the clock 
traces. 

The effect of these reflections can be the presence 
of half or partial amplitude steps in the clock wave
form appearing at intermediate "branched" or "daisy 
chained" load points. These partial amplitude steps 
can cause spurious triggering at these intermediate 
load points. 

The TTUCMOS clock output driver must provide a 
reasonably square voltage waveform from +0.5 to 
+3.5 Volts, as a minimum. Unfortunately, you must 
distribute this clock over a printed copper trace with 
variable inductance, capacitance and length, which 
may exhibit characteristic line impedance (Zo) any
where from 50 to 200 Ohms. Add to this the variable 
of receiver(s) load capacitance and notice that the 
50% duty cycle square wave that you started with 
has become distorted with ringing and undershoot. 
You should be aware that undershoot below about 
-1.0 Volt can draw substrate bias current at the re
ceivers causing transient errors. 

This leads to a need for controlled impedance clock 
traces with good termination. This is especially true 
when device clock frequencies are greater than 30 
MHz while the high and low times of critical minimum 
widths and voltage levels are specified. 
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Figure2 

Serpentine Wiring For Equal 
Length Clock Traces 

SC35XX 

Figure3 

Transmission Line "Termination" 

RI= <ZO 
!:).. A ... _ DC SOURCE SERIES ::;:i_ 

~vv• C load !;p 

DC PARALLEL LOAD 
.D ------------

C load !;p Rt = Zo 

+SV. 

R 
Zo = R/3 

R/2 

~ AC PARALLEL 

C load !;p Rt = Zo 
.D >====-==-==-==-r-->::c 1 

C - 1 
!;p I= RtxFo 

Termination is needed on lines that exhibit ringing 
and signal distortion. The ringing and distortion are 
caused by mismatched clock driver output imped
ance, line impedance, and load input impedance. 
The termination is used to match the line impedance 
to the driver or load impedance. 

Several methods of line termination are available 
(refer to Transmission Line "Termination," Figure 3): 

Applied Micro Circuits Corporation 
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A. DC parallel load termination is generally a 
Thevenin equivalent resistor pair across the +5 Volts 
and ground buses with the mid point tied to the end 
of each clock line. While the signal integrity results 
are good, the large power consumption, due to the 
large voltage applied to the low end of line resis
tance make this scheme a poor choice. 

B. AC parallel load termination can be effective to 
''tune" each load network with a selected parallel re
sistor-capacitor pair at the end of each clock line to 
ground. If the load capacitance or line length varies 
appreciably, so must the R-C termination pair. As 
with any of the parallel termination schemes, you 
must provide external trace and component mount
ing locations at the end of every clock line. AC 
power dissipation is quite high using this method. 

C. DC source series termination can be incorpo
rated within the clock driver output, thereby eliminat
ing the need for external components. Clock loads 
may only be placed at the end of the line. This series 
termination reduces the power dissipation. 

NOTE: Use of any of the parallel or termination 
methods precludes the use of branch or "Y" wiring 
within the clock fanouts due to impedance splitting. 

The following table compares these three described 
termination schemes. 

DC AC 
PARALLEL PARALLEL SERIES 

EXTERNAL MOUNTING YES YES NO 

TUNING AT LOADS NO POSSIBLE NO 

DAISEY CHAIN PENALTY PENALTY NO 

LOAD CLUSTER AT END DESIRED DESIRED REQ'D 

The SC35XX helps the designer manage these clock 
termination in two ways. First, with a generous num
ber of clock outputs (10 or 20) available, "daisy 
chained" or "branched" connected receivers can be 
avoided. Secondly, the source termination within the 
SC35XX output drivers is provided to terminate a 
lumped-load capacitance at the end of a 60-100 
Ohm transmission line, without the addition of any 
discrete termination circuits. 

While 100 Ohm traces are preferred, characteristic 
line impedances of 50 or 75 Ohms, may be neces
sary at an increase of power in the SC35XX's output 
drivers. These lower impedance PC board traces are 
generally dictated by manufacturing issues 
accompanying multiple signal, power, and ground 
layers in the PC board fabrication. 

Applied Micro Circuits Corporation 
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AMCC 
CLOCK DRIVER APPLICATION NOTE 

Figure 4 

End of Line Load Clustering L 1 

Orl.2<2" [(:a L2,I 

- a 

Remember that TTL type signal amplitudes, in the 
2.5 to 4.0 Volt peak range, dissipate considerable 
AC (CV2F) power. This AC power, coupled with the 
fact that the transmission line capacitance is at least 
twice as great at Zo=50 Ohms compared to Zo=100 
Ohms, strongly suggests that the characteristic trace 
impedance of high frequency clock lines should be 
selected at 70 Ohms or above to reduce the clock 
distribution power. See Appendix B for equations. 

NOTE: For series terminated lines, a maximum of 
two loads may be driven if the stub lengths are less 
than two inches in length. The capacitance of each 
pin is additive. See Figure 4. 

SC35XX POWER DISSIPATION 

With output frequencies above 50 MHz, the 
SC35XX's loading must be "managed" to limit its 
power dissipation to less than 1 Watt. This can be 
accomplished by minimizing the loading on each 
clock output or by connecting fewer of the clock out
puts. In this case unused outputs still dissipate a mini
mum of power, which must be added into the total. 

The SC35XX product data sheets detail all neces
sary power dissipation calculations. 

NOTE: The capacitance of 70 Ohm transmission 
line is approximately 1.5 times that of 100 Ohm line 
for effective lengths up to one rise time or -10 
inches and, as mentioned above, with Zo=50 Ohms 
the capacitance is twice that of Zo=100 Ohms. The 
additional effective output load capacitance is ap
proximately 8 pF for 70 Ohms at 10 inches as com
pared to 100 Ohms. See Appendix B for equations. 

10-39 

• 



AMCC 
CLOCK DRIVER APPLICATION NOTE 

CAPACITIVE LOADS 

Capacitive loads consist of four contributors: 

• The "load" package itself, where a plastic flat 
pack may exhibit 4-8 pF loads, while a ceramic 
pin grid array may represent 8-15 pF loads. 

• Plug in sockets can add 5-1 O pF. 

• Plated-through-holes and vias, in a dense 
multiplayer PC board may add as much as 
5-15 pF. 

• PC board trace impedance (as reviewed above) 

AMCC strongly recommends that the user "balance" 
his loads. This will help to minimize skew at the vari
ous loads (the larger a load is, the slower the rise 
time of the clock). Where the user is not able to 
balance his loads, the skew will typically be derated 
at 50 ps/pF at the 1.5V threshold. (Example - one 
load is 5 pF heavier than all other loads - that load's 
clock will cross the 1.5V threshold 250 ps later than 
the others). A compensatory shortening of the higher 
capacitance load traces may be considered. 

In addition to presenting capacitive loads, some mi
croprocessors and co-processors require minimum 
peak clock amplitudes of 3.5 Volts or greater along 
with a minimum dwell time at a specified voltage 
level. 

While each output driver of the SC35XX has been 
designed to handle a wide frequency-voltage-load 
range, they have also been designed to allow the 
parallel application of two (or more) adjacent drivers 
to a common load. By connecting two adjacent driv
ers to a common load, such as a microprocessor or 
co-processor, the user reduces the effective output 
series termination by half, while doubling the AC and 
static output current that can be supplied to that 
load. 

Figure 5. Reset to Output Timing 

F/2 --------...1 ,-----=====::! 
F/4 --------...1 
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RESET CONTROL 

The reset control input is clocked into a 3 stage shift 
register in each driver to ensure that the asynchro
nous RESET input is synchronized to the input clock. 

The outputs resume toggling when RESET is 
deasserted. On the fourth or fifth falling clock edge 
after the deassertion of RESET, the outputs begin 
operating in a synchronous fashion. 

When RESET is asserted, the internal counter is al
lowed to continue counting until each of its outputs is 
in the low state. At that point all the driver outputs 
will be in the low state, and they will be held low until 
RESET is deasserted. Since RESET may be as
serted when the internal counter is in any state, 
there will be a delay of 0 to 7 clocks plus the 3 clock 
shift register before all the outputs will be disabled. 

The designer may choose to use a simple "power 
on" reset function by using an external capacitor 
connected between the RESET pin and ground. 
When power is applied, the clock driver will be held 
in the disabled state until the capacitor is charged 
through the pull-up resistor on the RESET input. 

NOTE: The above reset timing control applies to 
SC3500, SC3506, SC3507, SC3508, SC3517, 
SC3518, SC3528 and SC3529. If multiple outputs of 
SC35XX are to be reset resynchronized by a 
common RESET input to all, set up and hold time 
of RESET with respect to the input clock of 3 ns 
must be accommodated. 

Tsu ---1- RESET Shift _:_ Internal Counter ______: 
Register : Count Down Period : 

' ' 
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USE OF MULTIPLE CLOCK CHIPS IN A 
SYSTEM 

Many applications require greater than 20 clock out
puts, and the use of multiple SC35XXs would be 
advantageous. The loads that receive these clocks 
may all reside on a large PC Board, or they may be 
distributed across a number of PC Boards intercon
nected via a backplane. 

To effectively distribute these clocks requires the 
user to give some consideration to the strategy for 
distributing the SC35XX primary input clock. The ob
jective is to get a low skew primary clock distributed 
to each SC35XX. 

Remember that the SC35XX provides the option of 
two different types of primary clock inputs. For 
primary inputs over short distances and at frequen
cies of 50 MHz or less the single rail TTL input may 
be used. For "longer'' distances and backplanes or 
where the primary frequencies exceed 50 MHz AMCC 
recommends that the user consider utilizing the 
"PECL" (Positive referenced 1 OOK ECL input). In ei
ther case a single +5V power supply is the only 
power supply required. 

The diagrams on the following pages summarize 
these recommendations. 

The High Speed PECL distribution scheme utilizes 
the Motorola MC1 OOE111 (Differential, 1 :9, 50 ps 
Skew, ECL Driver) fed from the Crystal Oscillator 
(XCO). This primary fanout driver requires a pair of 
240 Ohm pull down resistors to ground at its input 
pins. All of the output pairs should be source termi
nated by a 40 Ohm resistor in series and a 240 Ohm 
pull down (to ground) resistor at both legs of the 
differential PECL output. The differential primary 
fanout branches should be of equal length when 
routed to the receiving SC35XX. 

Alternatively, the PECL backplane signal pairs can 
be parallel terminated at each SC35XX input by a 
thevenin equivalent 50-70 Ohm resistor to +3V. As 
an example, a 100 Ohm resistor to +5V and a 
complement 150 Ohm resistor to ground is equiva
lent to 60 Ohms to +3V. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 
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There are two main advantages to these schemes. 

1. Minimal Noise Generation 

The high speed PECL Signals are limited to O.BV in 
amplitude. This limits the potential crosstalk effects 
that they might have on surrounding signals, and 
limits their radiated energy (EMI). 

2. High Noise Immunity 

Since the PECL signals are differentially received at 
the SC35XX, any noise will appear in equal phase 
and amplitude on each of the differential signals. 
The SC35XX will reject this common mode noise at 
its receiver, providing excellent noise immunity. 

The Low Speed TTL distribution scheme utilizes the 
SC3508 (TTL 1 :20 Driver) fed from a crystal oscillator. 
Good clock distribution techniques should be followed. 
This includes avoiding "daisy chaining" or "branching" 
of the clock fanouts (greater than 2" stubs). 

SUMMARY 

The SC35XX greatly simplifies the task associated 
with distributing high performance clocks within 
today's systems. It accomplishes this by reducing 
the variables that the designer must contend with to 
these basic issues: 

1) Keep each clock driver's loading light (SC35XX's 
large output count allows the clock loads to be dis
tributed one load per clock output typically); 

2) Balance the total load equally among all drivers; 

3) Keep clock trace lengths equal (Use serpentine 
traces to make all clock traces of equal length); 

4) Be aware of and manage AC power dissipation in 
the SC35XX. Where possible make clock traces 
Zo= 70 to 100 Ohms for minimal power dissipation; 

5) High capacitive loads at high frequencies can be 
supported by paralleling two adjacent SC35XX outputs; 

6) Be generous with switching noise decoupling ca
pacitors at the four sides of the SC35XX drivers, 
between the +Vee and ground planes. AMCC rec
ommends a pair of 0.1 µF and 0.01 µF ceramic ca
pacitors at each side of the SC35XX package. These 
decoupling capacitors should be placed on the same 
side of the board as the SC35XX, and very close to 
the power and ground package pins. 

10-41 

II 



.AMCC 
CLOCK DRIVER APPLICATION NOTE 

Basic Primary to Secondary Clock Fan-Out Tree 

1to9or 20 
Primary 
Faiout 

SC35XX 
Seconda'y 

Faruiut 

/ 

/ 

SC35XX / 
Secoodary 

/ Fa'IOU: 

SC35XX 
Secondary 

Fanott .._ 

/ 

A Low Speed, TTL Primary Clock Fan-Out Path to the SC35XX 

+5V •5V 

<'! SC3508 
1:20ffi 
Fanout 

Gt-0 
GND 

2400ms 

Nie: /Jn Sc:m!~ll1il)'l:l SC3500second!ryfirwt is rot 
recoomerded, due I:! tie pomtal pulse wldtl slrlnlc:age of a lX 
slngle-erDld ouµrti!eclng asec:onl 1Xli1ver 'llifloutreshapng. 
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A High Speed Series Terminated PECL Primary Clock Fan-Out Path to the SC35XX 

•SV 

2F 
ECL 
xco 
N 

GND 

DlllaalBal PECL 

240 
Oms 

•SV 

Nite: Swee reslslrr pairs ll'B'J re l~errentd loih dscree 
reslsl:lrs, re~str packs of 240 a.ms <nl 40 Oms"""'"' cusun 
packs ofcorrEined 240<nl 40 Oms tJr w sl!1llll tmgi he pin:. 

> PECL ) 
400ms ~ Oockpl!lr > ) 

Ellllllple: 

SC35XX 
Secatdary 

Fanout 

n~~ 
~2400lms 

GI{) 

Alternate PECL Primary Fanout Path to SC35XX With Parallel Termination at each 
SC35XX In ut Pair 

Dlflerenlal PECL 

N 
Gill 
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240 
Oms 

•SV 
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APPENDIX-A 

Crystal Controlled Oscillator Suppliers 

MONITOR PRODUCTS, Oceanside, CA 

CTS, KNIGHTS DIVISION, Sandwich, IL 

ECLIPTEK, Fountain Valley, CA 

SARONIX, Palo Alto, CA 

STANDARD CRYSTAL, El Monte, CA 

CONNOR-WINFIELD, Aurora, IL 

ANDERSON ELECTRIC, Holidaysburg, PA 

CHAMPION TECHNOLOGIES, Franklin Park, IL 

APPENDIX·B 

PC Board Transmission Line Equations 

619-433-451 0 

815-786-8411 

714-963-4009 

800-227-8974 

800-423-4578 

708-851-4 722 

814-695-4428 

708-451-1 000 

The characteristic impedance and propagation delay for printed circuit board traces are functions of the board 
material, physical board layout and board topology. Please refer to Figure 1 for referenced dimensions. 

The following calculations assume G-10 glass-epoxy board material with an Er=4.7: 

CHARACTERISTIC IMPEDANCE 

Zo = (Lo/Co)112 

PROPAGATION DELAY 

Tpd = (Lo*Co)112 pS/inch, if units are in inches 

MICROSTRIP TECHNOLOGY 

Zo = 35.2Ln[(6*h)/(0.8*w+t)] 

STRIPLINE TECHNOLOGY 

Zo = 27.7*Ln[(1.9*b)/(O.B*w+t)] 
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APPENDIX-C 

Spice Simulation of Output Waveforms 

Modeled Frequency - 80MHz 

(X-Axis is in ns) 

1 O pF Load with 1 O" of Trace (Zo=50Q) 
Single Driver 

20 pF Load with 1 O" ofTrace (Zo=SOQ) 
Single Driver 
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s. o 

4, l - 4. o :;; 
:;; 3. ! 

-; 3. D -- 2, 5 ::. 
- 2. o 

- I. 5 
:;; 

I. a :;; 
-; o. s 

::: o. o 
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H1 T1u•6.D6'nS, Duty Cye11"5D.5H 

40 pF Load with 6" of Trace (Zo=50Q) 
Two Drivers in Parallel 

BO!Hz 40pr I 6' IDDhos,Twa 11 Drhtrl, B/29/91 
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~ I I 
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60 
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APPENDIX-C 
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Spice Simulation of Output Waveforms 

Modeled Frequency - 66MHz 

(X-Axis is in ns) 

1 O pF Load with 6" of Trace (Zo= 700) 
Single Driver 

10 pF Load with 1 o• of Trace (Zo=500) 
Single Driver 
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APPENDIX-C 

Spice Simulation of Output Waveforms 

Modeled Frequency - 50MHz 

(X-Axis is in ns) 

-.. -
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.: 
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20 pF Load with 1 O" of Trace (Zo=50'2) 
Single Driver 
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20 pF Load with 1 o• of Trace (Zo=70'2) 
Single Driver 
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APPENDIX-C 

Spice Simulation of Output Waveforms 

Modeled Frequency - 40MHz 

(X-Axis is in ns) 

20 pF Load with 6" of Trace (Zo=700) 
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Spice Simulation of Output Waveforms 

Modeled Frequency - 33MHz 

(X-Axis is in ns) 

20 pF Load with 6" of Trace (Zo=500) 
Single Driver 
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Clock Design in Intel Pentium™ 
Processor Systems 
using the SC3508 

M.K. Williams 
Owner/Principal Consultant 

Amherst Systems Associates 

INTRODUCTION 

The Pentium processor is the latest, high-perfor
mance entry in the X86 microprocessor family 
from Intel. There are 60- and 66-MHz versions. 
It operates on 64-bit data in two instruction pipe
lines with instruction prefetching and branch pre
diction. There is also on-board floating-point 
processing, as well as sophisticated data and 
instruction caching. These are all structural ele
ments that, until very recently, were found exclu
sively in main-frame and supercomputer 
designs. 

At the hardware level, Pentium designs also have 
a good deal in common with larger computer sys
tem designs. For example, the tighter timing mar
gins and the higher clock and edge speeds· of 
Pentium designs dictate the careful application of 
high-speed digital design methods. This includes 
employing design methods which preserve the fi
delity of the clock pulse and effectively manage 
the tolerances present in the circuitry which distrib
utes or receives the system clock. 

Figure 1. 
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The purpose of this application note is to clearly 
illustrate an approach to the design of the sys
tem clock for the Pentium using the AMCC 
SC3508. We will methodically work through a 
simple but representative example. In doing so, 
we will identify the important design decisions 
encountered in the design of a correctly timed 
system, and show methods for resolving them. 

A Word About Specifications 

In this document, we make use of a number of 
Pentium specifications. The reader is cautioned 
to verify any specifications with Intel prior to ap
plying them, since they are all subject to 
change. It is also the responsibility of the de
signer to exercise sound engineering judgment 
to determine the suitability of how any particular 
specification or method is to be employed in his 
design. 

2. DETERMINING YOUR DESIGN 
REQUIREMENTS 

The first step in specifying the design of the 
clock for a Pentium, or any other system, is to 
clearly define what the design requirements are. 
Some of these will come from Intel specifica
tions while others will be determined by aspects 
of the design, such as critical delay paths. In this 
section, we present some background on the 

SAAM 
Array 
82491 

BUS 
Conversion 

Logic 

Memory~Bus 

Controller and 
DRAM Array 
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mechanisms we are trying to manage and how 
to quantify the impact of those mechanisms on 
the design. 

2.1. Timing-Environment Design: 
Fundamentals 

The fundamental goal for any timing environ
ment design is the specification of a statistically 
stable design. That is, it is assumed that the 
elements from which each system will be as
sembled will have some statistical distribution on 
their characteristic parameters (in our case, de
lay). Since many copies of the design will be 
fabricated, we must employ design methods 
which recognize this tolerancing and which en
sure that every clock signal in each machine 
built arrives within the time interval predicted at 
design-time. 

2.1.1. Basic Requirement on 
Clock-Arrival Time 

We will use Figure 2, which shows a critical 
path, to illustrate the tolerancing effects we are 
concerned with controlling. Given that the two 
clock paths are built from components which 
have some statistical delay distribution, we can 
describe two pathological situations: 

1. Clock-path 1 is slower than anticipated 

2. Clock-path 2 is faster than anticipated 

For the first case, FF1 is clocked late causing 
the data to arrive at FF2 after FF2 samples its 
input. The result is that the data is missed or the 
flip-flop enters a metastable state. The second 
case results in an equivalent situation by again 
clocking FF2 early relative to the arriving data. 
We can see from this simple example that any 
mechanism which causes the delay of a clock 

Figure2. 
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CLKPATH#2 
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path to vary by more than the designer antici
pated can result in a failure. Notice that it is 
delay variation, rather than the magnitude of the 
delay that results in timing failures. 

2.1.2. Basic Clock-Tolerancing Mechanisms 

As we just saw, we must manage anything 
which can result in unequal or inconsistent ar
rival times of the clock at the load. This equates 
to two important design tasks: 

1. Precisely balance the mean delay along every 
path from the clock generator to the clock 
loads. 

2. Anticipate and manage those mechanisms 
which tend to alter the delay along these 
paths. 

The merit of balanced mean delays for all clock 
paths is illustrated by Figure 3. Since the worst
case tolerance is computed from the earliest 
and latest arrivals, balancing the mean delays 
moderates the impact of any statistical delay 
variations. 

We will use Figure 4 to illustrate the various 
tolerancing mechanisms we are attempting to 
manage. The figure shows a clock-buffer driving 
a transmission-line which terminates at some 
clock-input. This circuit is representative of a 
complete clock path for many Pentium systems 
(i.e. one-level buffering). Given Pentium speeds 
(66-MHz clock rates and fast clock edge rates), 

Figure3. 
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Figure 4. 
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a controlled-impedance interconnect is required. 
For this clock net, the expression for the varia
tion in delay along the net is: 

Tolerance= Intrinsic skew+ Extrinsic skew+ Jitter 
(1) 

Where, 

Intrinsic Skew is the delay variation in the clock 
buffer. This is usually specified separately for 
part-to-part and pin-to-pin skew. Some clock 
buffers also specify skew within a group of 
clock-buffer outputs. Assuming a single-chip so
lution, we will use pin-to-pin. 

Extrinsic Skew is delay variation attributable to 
effects in the interconnect. 

Jitter is the cycle-to-cycle variation in the arrival
time of the clock. It is due primarily to noise in the 
power environment which, in turn, causes time
varying shifts in the input threshold of a device. 
The relationship between noise and edge-place
ment Gitter) is shown in Figure 5. For more infor
mation on jitter, see References 1 and 2. 
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Extrinsic skew is not a single mechanism. It is 
convenient to break it into three major compo
nents: 

Extrinsic skew= ATOF + ADist_Del +MT 

Where, 

(2) 

ii TOF is the variation in the time of flight 
of an undistorted signal. This is due primarily 
to variation in line lengths, and does not in
clude additional delay variation attributable 
to edge degradation. This effect is ad
dressed by equalizing all clock net lengths to 
that of the longest clock net. 

ADist_Del is the distortion-delay variation. 
As a signal propagates, some of the high
end spectral content is attenuated. One 
prominent cause of this is the capacitance of 
the clock load. This results in a slower or 
degraded edge, and ultimately additional de
lay in reaching threshold voltage. Any varia
tion in edge degradation (e.g. iiCL) results in 
a variation in delay. This is iiDist_Del. 

MT is the manufacturing tolerance on the 
delay. It ranges from one's of psec/in to mid-
1 O's of psec/in. 

The expression can be rewritten as: 

Tolerance= Int skew+ ATOF + ADist_Del 

+MT+ Jitter (3) 

From transmission-line theory, we know that the 
propagation rate of a loaded transmission-line 
is: 

TP0 '=TP0,l1 +CL/(L*C0) (4) 

Where, 

T Po is the propagation rate of the unloaded 
transmission-line. 

CL is the load capacitance (may be 
distributed) 

L is the length of the line 

C0 is the intrinsic capacitance of the line 

And the delay (time of flight plus distortion-de
lay) of a loaded transmission-line is simply: 
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LTPD' = L*TPD,Y 1 + CJ(L • C0) (5) 

If we know the minimum and maximum values 
for CL , we can compute the min and max delays 
for a given lossless transmission line (exclusive 
of manufacturing tolerances). 

-----
ill T PD' = L *T PD(" 1 + clm./(L. Co) -

,,/ 1 + CLm;/(L * C0) ) (6) 

And we can use the difference in these values to 
replace the second and third terms in expres
sion (3): 

Tolerance= Int skew+ tlLTPD' +MT+ Jitter (7) 

We will use this expression to compute the 
tolerancing of various "tolerance groups" later in 
the example. One very important effect to note 
is that the preceding expression implies that 
clustering loads which have non-trivial load-ca
pacitance variation on a single clock net will 
drive the ~LT Po' factor up and thus the overall 
tolerance. 

2.1.3. Design Flow/Approach 

There are a variety of approaches one can take: 

Clocks first - Specify in detail the clock dis
tribution and use resultant tolerances to 
compute delay margins on critical paths 
(Tcyc-Ttol =max Tpath). 

Critical paths first - Design critical paths 
and use the resultant maximum delays to 
compute timing margins (Tcyc-Tpath=Ttol). 

Most designers will take an approach that 
iterates between both styles, ensuring that 
both the timing and path delays are equally 
prioritized. In our example design, we are 
starting with critical-path information to de
termine timing margins, and then using the 
margin information to establish constraints 
on critical-path parameters {e.g. allowable 
load-capacitance variation on external 
loads). In detail, our decision-flow is as fol
lows: 

1. Determine allowable tolerances in CPU 
module. 
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2. Use critical path information to determine 
allowable clock tolerance (i.e. margin) on 
external loads. 

3. From an inventory of clock loads, deter
mine your slowest clock path in the sys
tem. 

4. Starting with your tightest tolerance 
group (Pentium-82496), begin designing 
clock nets. Make each net approximately 
as long as that of the slowest path (previ
ous step). As you progress through other 
tolerance groups, ensure you balance 
the mean delays. 

5. From the unused margin for each group, 
develop constraints for each of the fol
lowing: 

• Jitter 

• Manufacturing tolerances on 
net delays 

• Load-capacitance variation 

Three-Level Tolerance Specifications 

The Pentium specification dictates tolerances 
within the CPU module at three voltage levels 
(0.8, 1.5, and 2.0V). This was most likely done 
to combine tolerance management and pulse
fidelity into a common specification. However, 
designing for minimum tolerancing at multiple 
voltage levels can be very difficult. For clarity, 
we will design for minimum tolerancing at 1.5V 
and employ methods which ensure good pulse 
fidelity. This will ensure that the tolerances are 
satisfied at all three levels. 

2.2. Specific Pentium System Design 
Requirements 

The degree of difficulty for any timing-environ
ment design is derivable from two aspects of the 
design - the number of board-level clock loads 
and the fraction of the cycle time allocated to 
clock tolerancing. Broadly speaking, a design 
becomes challenging when the number of loads 
exceeds 10 and the total tolerancing is restricted 
to 10 to 15% of the cycle time. 
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For Pentium systems, the number of board-level 
clock loads varies according to the complexity of 
the design. For the most basic designs, the 
number of loads will be four to eight, primarily 
the Pentium processor and memory-bus control
ler. For very sophisticated designs (e.g. large 
server systems), with a second-level cache, as 
well as controllers for large interleaved memo
ries and other synchronous devices, the number 
of board-level clock loads can exceed forty or 
more. 

A typical 66-MHz design with a second-level 
cache will have 12 clock loads in the CPU mod
ule plus more loads for the memory bus control-
1 er (MBC) and other logic such as bus 
conversion. Therefore, depending upon how the 
MBC, etc. are implemented, a typical 66-MHz 
design will have 15 to 20 clock consumers. 

The small fraction of the period alloted for 
tolerancing qualifies Pentium designs as quite 
challenging. At 66-MHz, the cycle time is 15 
nsec. Clock tolerances within the CPU module 
are either 200 or 700 psec, and those external 
to it vary depending upon critical path delays to/ 
from devices external to the CPU module. 
Stated another way, the tolerances within the 
CPU module are 1.3% and 4.7% of the cycle 
time. 

For the rest of this section, we determine the 
various tolerances in a 66-MHz Pentium system 
with a second-level cache. The design require
ments are configuration-specific and best con
sidered in tolerance groups. 

There are very few explicit clock requirements in 
the basic Pentium specification. Only clock sta
bility (jitter) and pulse fidelity are specified. 

Clock Stability (Jitter) - The Pentium clock 
must have a stability of better than +/- 250 
psec. There are many metrics of frequency 
stability. While it does not explicitly state so, 
this specification refers to period-jitter. In a 
footnote to the specification, the distribution 
of the jitter in the jitter frequency spectrum 
excludes any peaking between 500kHz and 
1/3 of the clock frequency (repetition rate). 
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Pulse Fidelity - The Pentium clock signal 
operates at TTL levels. The clock waveform 
must remain at the high and low levels for a 
minimum of 4 nsec, and the transition times 
must be less than 1.5 nsec. The Pentium 
specification dictates other clock waveform pa
rameters beyond these. The reader is referred 
to the specification for complete information. 

2.2.2. CPU Module 

There are four possible configurations for the 
"CPU module". They are summarized in the fol
lowing table. 

Clock Speed Cache Size 
Tolerance Number of 

(MHz) (psec) Loads 

60 or 66 None N/A 1 (CPU only) 

12 

66 256K 700 CPU, cache 
control, 

10 SRAM 

20 

60 512K 800 
CPU, cache 

control, 
18 SRAM 

12 

60 256K 800 
CPU, cache 

control, 
10 SRAM 

Layout Considerations Within CPU Module 

There are flight-time specifications for various 
signal groups within the CPU module. For ex
ample: 

Pentium - 82496: Only max flight times 
are specified (1.6 nsec is smallest value). 

Pentium - 82491: Min and max flight 
times are specified (1 - 2.2 nsec range 
for 66-MHz). 

These fight-times are critical, and it is likely that 
they will drive the placement of devices within 
the CPU module. That placement, in turn, will 
interact with clock tolerancing within the CPU 
module, since the distances from the clock 
driver to the clock loads determine certain 
tolerancing components. Specifically, intercon
nect tolerancing increases with the length of the 
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clock nets. For our example, we will use the 
configuration for the layout of the CPU module 
found in the Intel Pentium clock application note 
(Reference 8). There may be another approach 
(e.g. locating the clock driver in the center) that 
results in additional timing margin. 

Pentium-82496 Tolerance Group: 
Two Loads at 200 psec Tolerance 

This requirement is very tight and essentially un
heard of in microprocessor systems. To meet 

this specification, both loads must be driven by 
the same pin of clock buffer. This eliminates the 
intrinsic skew component of the tolerance. By 
locating the Pentium and 82496 clock pins close 
to each other, and moving the branching point to 
the end of the transmission line (versus stubbing 
into two lines near the clock buffer), it is possible 
to minimize the manufacturing tolerance. The 
200 psec tolerance thus splits between jitter and 
arrival time variation due to load capacitance 
variation. 

Are there two different jitter specifications for the Pentium? 

There can be some confusion in systems with 
second-level caches, since there appear to be 
two conflicting jitter specifications. This, how
ever, is not the case: 

The Pentium clock specification states 
that the maximum allowable instability 
(jitter) on the clock to the Pentium pro
cessor is +/- 250 psec. Further restric
tions as to how this energy can distribute 
across the jitter spectrum are also speci
fied in a footnote. 

When the Intel CPU-Cache chip set is 
employed, the maximum tolerance be
tween the clock signals driving the 
Pentium and the 82496 is limited to 200 
psec. That is, for systems with second 
level-caches, the sum of the skew and 
the jitter between the clock signals driv
ing the cache controller and the Pentium 
must be less than 200 psec. 

Actually, there is no conflict in these specifica
tions once you determine what they represent. 
The former jitter specification (+/- 250 psec) is 
established by the timing requirements of seg
ments 100% internal to the Pentium. Any dis
placements larger than 250 psec run the risk of 
an internal Pentium timing failure. Furthermore, 
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the requirements on the jitter spectrum are in 
place to prevent stimulating the resonant fre
quency of the loop filter in the internal PLL clock 
receiver. When jitter causes the PLL loop-filter 
to resonate, the signal out of the PLL (i.e. the 
internal clock) has more jitter on it than the sig
nal driving into the PLL (i.e. the Pentium clock 
input), and is possibly larger than acceptable. 

The latter specification (200 psec) governs the 
timing of segments between the Pentium and 
the 82496. When that specification is violated, 
timing failure on one of the paths which span 
both chips is likely. 

How do you use this information? 

In systems without second-level caching, the lat
ter specification(200 psec) does not apply. As
suming there is sufficient margin on all paths 
external to the Pentium, system jitter must be 
less than +/- 250 psec and distributed in the jitter 
spectrum as specified in the footnote. 

In systems with second-level caching, the 200 
psec specification sets the upper limit on the 
jitter amplitude (jitter < 200 psec - Pentium/ 
82496 skew). Furthermore, the jitter must dis
tribute through the jitter spectrum as specified in 
the Pentium clock specification. 
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Pentium-82491 & 82496-82491 Tolerance 
Groups: 10 SRAM (+2) Loads at 700 psec 
Tolerance 

This group has many more clock loads, which 
necessitates driving the group by more than one 
pin of the clock buffer. Much of the margin ob
tained by increasing the tolerance specification 
to 700 psec is absorbed by the increased intrin
sic skew. There will also be a more significant 
manufacturing tolerance contribution, since the 
SRAMs are more widely dispersed on the board 
and there will be more inches of interconnect in 
the clock nets that drive them. 

Since we are forced to increase the intrinsic 
skew term of the total tolerance in this group, we 
want to use a point-to-point scheme (1 load/net). 
This reduces the range of load-capacitance 
variation and minimizes the ~LT Po'. 

2.2.3. External Tolerance Groups 

There will also be clock consumers external to 
the CPU module. In more complex Pentium de
signs, the number of loads in the external toler
ance group can be several times the number of 
loads within the CPU module. The primary ex
ternal clock loading will be in the memory bus 
controller (MBC). The tolerance requirements of 
this group will be dictated by the critical paths in 
this part of the design. Shortly, we will provide a 
simple example of computing that tolerance. 

The majority of logic external to the CPU module 
is treated as memory. From a timing perspec
tive, there are three distinct ways in which sys
tem memory can be configured: 

1. Fully Synchronous 

2. Divided Synchronous 

3. Asynchronous 

This impacts the clock as follows: 

Fully synchronous systems: All clock in
puts driven at 66-MHz 

Divided-synchronous systems: All clock 
inputs in CPU module driven at 66-MHz, the 
memory-bus controller driven by both 66-
and 33-MHz clocks, and all external devices 
driven by a 33-MHz clock. 
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Asynchronous systems: The CPU module 
and part of the MBC driven by 66-MHz 
clocks. A second, relatively-asynchronous 
clock (generated elsewhere in the system) 
drives part of the MBC and all external de
vices. 

3. DESIGN EXAMPLE 

3.1. Configuration 

Our example system will be a fully synchronous 
66-MHz system with a 256k second-level cache. 
It will use the Intel 82496 Cache Controller and 
82491 Cache SRAMs. This configuration em
bodies many of the most challenging aspects of 
a Pentium clock design - the extremely tight 
tolerancing of the clocks within the CPU module, 
non-trivial load-capacitance variation, and deter
mination of critical paths external to the CPU 
module. Furthermore, it will be extended to ad
dress other important design decisions - dual
frequency clocking and larger numbers of clock 
loads. 

3.2. Preliminary Design Decisions 

Before beginning to work through our example 
design, we will first describe some preliminary 
design decisions, and the impact they have on 
the system clock. 

Clock-Buffer Selection - We are using an 
AMCC SC3508Q-1 clock buffer to drive the 
clock in this example. Our selection criteria 
for this part is based upon two factors. Spe
cifically, that the SC3508Q-1 has twenty out
puts and that the pin-to-pin skew for this part 
is less than 500 psec. In second-level cache 
systems, we have to drive 12 loads which 
have a non-trivial (relative to the tolerance a 
requirement) amount of capacitive load 
variation. With 20 pins available from the 
SC3508Q-1, a single-IC point-to-point (i.e. 
one driver pin for each clock load) clock-dis-
tribution solution can be employed. If these 
loads had to be driven such that two or more 
SRAM inputs were clustered on a net, the 
arrival-time variation due to extrinsic skew 
and CL effects (c.f. expressions 6 and 7) 
would exceed the allowed tolerance, even 
without factoring-in jitter. 
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Device Placement Within the. CPU Module -
We will use the placement suggested by 
Intel in Reference 8. Figure 6 shows that 
placement. 

Figure6. 

1~2491#21 !~2491#1 I 
1- 2.4·-1 

1~2491#91 1~2491#61 1~2491#51 
.. 

Pentium 
Processor 

0-::r B i~491#10 I 1~2491#41 1~2491#31 -~{ 
oi. 

Clock Driver 82496 

1~2491#81 1~2491#71 

Approx. 6.5" 

Interconnect Environment - For our 
speeds and spectral content, we obviously 
need a controlled-impedance interconnect. 
The reader is referred to References 3 and 
1 O for detailed background information on 
this topic. 

Microstrip vs stripline - We are routing 
all clock signals in microstrip, since the 
propagation rate is higher than that of 
stripline (146 psec/in for microstrip ver
sus 182 psec/in for stripline). While the 
twenty or so clock nets may increase the 
level of radiated noise, the faster rates 
reduce the impact of interconnect manu
facturing tolerances (5% of 146 is less 
than 5% of 182). 

Figure 7. 

PLO 
4" 1.5" 

Parameters - Our example assumes a 
70-ohm characteristic impedance. Higher 
values of Z0 reduce the dynamic current 
available to charge the load capacitance. 
This, in turn, results in higher sensitivity 
to load capacitance variation. However, 
lower dynamic current also means Jess 
noise and therefore Jess jitter. The other 
parameters for our assumed intercon
nection environment follow. 

Structure: Microstrip 

Dielectric: 4. 7 .012" thick 

Conductor: .011" W x .0015"T copper 

Properties: 

CO 2.08 pF/in 

LO 10.3 nH/in 

ZO 70.4 ohms 

Tpd 146.4 psec/in 

Definition of External Loading and Tolerance -
For any design, it is necessary determine the 
allowable clock tolerance on external critical 
paths. To do that, you have to identify the critical 
paths in the external circuitry. This may be quite 
difficult, given the large number of bus-transac
tion types, and that not all segments are 1-cycle 
long. 

To simply illustrate what is required, we will 
assume we have identified the external critical 
path as shown in Figures 7 and 8. That is, the 
critical path runs from the fictitious Pentium 
output P5_0UT through two PLDs and into the 
fictitious inputs P5_1N and CC_IN. The delays 
through the PLDs have been arbitrarily assumed 
to be 3.5 and 3.2 nsec. For simplicity, we 

PLD 
P5_1N (2pF) 

3.5" ,___ _____ .... 0.6" 
P5_0UT 

CD / ® / @ 0.6". 

10 pF 10 pF 

3.5 nsec 
max 

10-58 

3.5 nsec 
max 

CC_IN (2pF) 
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assume P5_0UT is valid on the rising edge of 
the clock (add appropriate delay if this not the 
case for your system). Furthermore, we will 
assume the setup-time for both inputs is 5 nsec. 
Computing the path delay: 

Segment 1 

From our previous discussion, we can com
pute the delay of a loaded transmission line 
from expression (5). Using CL = 10 pF (hope
fully a maximum value}, L = 4", and our pre
vious values for the remaining variables, we 
have: 

Delay(segment 1) = (4")(146.4ps/in) 

"1 + (1 OpF)/(4" * 2.08pF/in) 

= 868 psec 

Segment 2 

Using the same method, we compute: 

Delay(segment 2) = 450 psec 

Segment 3 

For this segment, we analyze the capacitive 
effects of the two 0.6" segments as a single 
1.2" segment with twice the load capaci
tance: 

L TPD' = (3.5+.6)*(146.4)* 

"1 + (2+2)/((3.5+1.2) • (2.08)) 

Delay(segment 3) = 713 psec 
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Computing the critical path delay, T CPD: 

T CPD= Max gate delays + 

Max net delays+ MT• (8) 

where, MP is an estimate of the maximum 
positive manufacturing tolerance. 

TCPD = (3.5 + 3.2) + (.868+.450 + .713) + 

9.6"(20 psec/in) 

= 8.923 nsec 

Computing the available clock tolerance, 
TOLEXT: 

TOLEXT = T eve - T cPo - Setup-time (9) 

= 15 - 8.923 - 5 

= 1.077 nsec 

We will make use of this figure later in the 
example. 

3.4. Inventory of Loading and Placement 
of Clock Loads 

As the expressions illustrated earlier, variation in 
load-capacitance can be a principal contributor 
to clock tolerancing. We will see that in Pentium 
systems with second-level caching, this effect 
will dominate in the CPU module. 

Loading in CPU Module 

Intel has characterized the high-frequency be
havior of the pins of the devices in the CPU 
module. Reference 7 provides models for all in
put pins in the CPU module (it also has output 
models). The model is shown in Figure 9. The 
values for the components are shown in Table 
1. When analyzing various design approaches 
with a good simulation tool, these models will 
contribute to a more accurate answer. They are 
especially useful since minimum and maximum 

Figure9. 

Lp 
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values are provided instead of typical values. 
However, since the model is a third-order low
pass filter which is driven by a transmission-line 
with its own distributed reactive components, we 
need to simplify it for our manual calculations 
here. Our transmission-line delay expressions 
employ a single, lumped load capacitance. So 
we need to estimate minimum and maximum 
values for input capacitance from the data in the 
table. 

Table 1. Component Values for Input Pin 
Models 

Buffer CP (pF) LP (nH) C1N (pF) 
Device Type Min/Max Min/Max Min/Max 

Pentium* ER3 1.6/2.2 6.218.4 1.7/2.3 

82496 ERB 1.4/1.9 5.8/7.9 2.4/3.3 

82491 ER11 0.5/1.5 6.9/9.3 2.9/3.9 

* Ignore 7pF maximum input capacitance rating from DC 
specification when using these models. 

We are concerned about the time at which V1w 
the voltage across C1N, charges up to threshold. 
An edge arriving at the pin on the transmission 
line can be considered as the sum of several 
sine-waves - the fundamental (66-MHz) and the 
harmonics (up to about 250-MHz). The elements 
of the filter attenuate or resist the high-end spec
tral components more than the lower ones, de
grading the edge and delaying the time V1N 

charges up to threshold. The fastest time will be 
when the high-end spectra is attenuated the 
least, the slowest time when it is attenuated the 
most. We can assume that the least attenuation 
will occur when both capacitors and the inductor 
are at minimum values. If we let the inductance 
go to zero, the capacitors are in parallel and we 
can simply add them. This assumption will result 
in a slightly faster estimate of the arrival time, 
since the inductor would limit some of the cur
rent which charges C1N. The slowest time will oc
cur when both capacitors and the inductor are at 
their maximum values. In this case, we can sim
plify, and still account for the effect of the induc
tor (resisting the passage of the current which 
Charges C1N), by letting the inductance go to zero 
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but scaling C1N up to increase the charging time. 
Our assumption is that scaling C1N up by 50% will 
account for the elimination of the inductor. So 
our maximum value for the pin capacitance will 
be computed as: 

max CP,N = max CP + 1.5{max c,N) (1 O) 

The values we will use are shown in Table 2. 

Table 2. Simplified Pin-Capacitance Values 
Device CMIN (pF) Typical CL 

Pentium 1.6+1.7=3.3 2.2 + 1.5(2.3) = 5.7 

82496 1.4 + 2.4 = 3.8 1.9 + 1.5(3.3) = 6.9 

82491 .5 + 2.9 =3.4 1.5 + 1.5(3.9) = 7.4 

Placement of Loads in CPU Module 

Since we are assuming the placement sug
gested in Reference 8, we can derive the dis
tance to loads from that. The shortest path from 
the clock driver to either the Pentium or 82496 
clock pins is approximately 2 inches. The near
est and farthest 82491 s to the clock buffer are 
approximately 5 and 7.5 inches, respectively. 

Loading Outside CPU Module 

Assumed placement and loading for the external 
clock loads is shown in Table 3. It is obvious 
from the table that either load 1 (largest capaci
tance value) or load 3 (most remote load) will be 
our worst case load. Note that we have as
sumed only typical values for CL. We would ob
viously like to have min/max values, but this is 
usually not available. 

Table 3. External Clock Loads 

Estimated Min 
Load Distance Clk buffer Typical CL 

to load 

1 4" 10pF 

2 5" 2pF 

3 10" 5pF 

4 5.5" 5pF 

5 4" 2pF 
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Figure 10. 
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9.2" 
SC3508 

3.5. Pentium/496 Tolerance Group 

Requirement: 200 psec 

Structure of Clock Net: This tolerance is suffi
ciently tight that both loads must be driven off 
the same pin of the clock buffer to eliminate ex
trinsic skew (500 psec for the SC3508Q-1). Ex
amining the clock-load inventory from the 
previous section, we see that the longest clock 
net will probably be about 10". This will be our 
starting point for this and all subsequent nets. 
Nets can be serpentined to use up extra length. 
The layout of the CPU module tells us the two 
loads are about 1.6" apart. From this, we will 
assume the structure for our clock net as shown 
in Figure 10. The branching point for the stubs 
has been moved as far out on the transmission 
line as possible to reduce manufacturing toler
ance effects between these two loads. 

Analysis: For approximately 1.5 nsec transition 
times, the 9.2" segment of the line can be 
treated as a transmission line (i.e. an edge 
doesn't "know'' about a load until it gets there). 
We can expect the edge to propagate down the 
9.2" segment at the unloaded propagation rate, 
which is 146.4 psec/in. Therefore, we can ana
lyze it and the stubs separately. The stubs are 
short enough to treat as equipotential nodes. 
We will treat the two loads as a single capacitive 
load equal to the sum of the two input capaci
tance ranges. 

Figure 11. 

1549 1571 
Pentium _J_ _J_ 

l I 

496 J 
T 

1559 
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l 
0.8" 496 CLK 

Net Delay = Delay of long segment + Stub delay 

= 9.2" *Unloaded T PD + Loaded stub de
lay 

= 1347 psec + L*TP0../ 1 + C/(L • C0) 

where, 

L = 0.8" for either stub 

TP0 = Unloaded propagation rate= 146.4 psec/in 

C0 = 2.08 pF/in (computed earlier) 

3.3 :,; CL :,; 5. 7 For Pentium input 

3.8 :,; CL:,; 6.9 For 82496 input 

Computing the min and max delays for both 
paths (SC3508-Pentium and SC3508-
82496), we have: 

Min Max Mean 

Delay SC3508-Pentium 1549 1593 1571 
1347+202 1347+246 1347+224 

Delay SC3508-82496 1559 1613 1586 
1347+212 1347+266 1347+239 

Representing this graphically: 

The difference between the earliest and latest 
arrivals is 1613-1549=64 psec. This leaves 200-
64=136 psec margin for jitter and manufacturing • 
tolerance on the stubs. We can improve this by 
aligning the mean delays. In this case, that 
means increasing the mean delay of the 
Pentium stub from 224 psec to 239 psec. And 

1593 
_J_ 

T 

t t 
1596 1613 
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this is accomplished by lengthening the stub to 
the Pentium. Solving expression (5) for L, we 
find that a new Pentium stub length of 882 mils 
gives us the appropriate alignment. 

Min Max Mean 

Delay SC3508-Penlium 1563 1609 1586 

Delay SC3508-82496 1559 1613 1586 

Tolerance: This is determined by the difference 
in arrival times. There are two cases (early 
Pentium/late 82496 and late Pentium/early 
82496). Since we balanced the mean delays, 
both cases are identical. 

Skew= 1613-1563 = 50 psec. 

This should be guard-banded to accommodate 
manufacturing tolerances on the stubs. These 
tolerances will probably not be that large due to 
substantial tracking effects (i.e. these nets are 
all. in the same area of the same layer of the 
same board). So we'll assume: 

Guarded skew = 65 psec. 

This leaves 200-65 = 135 psec for jitter so far. 
Remember that these figures are just for clocks 
in this tolerance group. 

3.6. Pentium/82491 and 82496/82491 
Tolerance Group 

Requirement: 700 psec. 

Structure of Clock Net: We will assume point
to-point for all SRAM nets to minimize CL effects. 
The net will be as shown in Figure 12, with an 
approximate length of 1 O". 

Analysis: Using 

3.4::;; CL::;; 7.4 for 491s 

and forcing the mean delay to 1586 psec, we 
solve for a length of 9.621 ". The full set of de
lays is: 

Figure 12. 

Min Max Mean 

Delay SC3508-82491 1523 1649 1586 

Tolerance: If the difference between arrival
times at the 82491 s and the 82496 are accept
able, then they will also be acceptable for the 
difference between the Pentium and the 
82491 's. This is, of course, because the mean 
delays are aligned and the arrival .time spread is 
wider at the 82496 than at the Pentium. So we 
will analyze with respect to the 82496. Using 
expression (7): 

Tolerance= Int skew+ L\LT Po' +MT+ Jitter (7) 

Substituting our 700 psec limit in for the toler
ance 

where, 

700 psec ::;; 500 + L\L T Po' + MT + Jitter 

200 psec ::;; L\L T Po' + MT + Jitter 

.'.\LT Po' in this case is the worst case arrival 
time difference (due to CL effects) between 
the 82496 and the 82491s. Again, we only 
have to compute one of the fwo possible 
cases due to symmetry. 

L\LTP0 ' = 1649 - 1559 = 90 psec 

Guard-banding this figure to accommodate 
manufacturing tolerances, we can assume 

Guarded skew = 115 psec 

Leaving 200 • 115 = 85 psec for jitter. 

3.7. External Tolerance Group 

Requirement: 1.077 nsec (computed earlier) 

Structure of Clock Net: We will assume point
to-point for the external loads as well. This net 
will be identical to that shown in Figure 12. 

Analysis: For this group, analysis will not yield 
the same quality result as it did for the preceding 
tolerance groups. The reason is that for this 

= 1on Tpo = 146.4 P7f N 

SC3508 

10-62 

10" 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



group, it is highly likely that you can only get 
typical values for each load-type. Unfortunately, 
you require min/max information about load ca
pacitance to compute arrival time variation. 
There are, however, some approaches that 
maximize the ability of the design to cope with 
uncharacterized tolerancing mechanisms. These 
include: 

1. Point-to-point clock nets to minimize the 
CL variation on any one net. Given that 
we have 20 outputs to work with on the 
clock buffer, this is not a problem for 
most Pentium designs. 

2. Use the lowest possible la which pro
duces the maximum dynamic current, 
and thus charges the load capacitance 
as fast as possible. Reference 2 elabo
rates on the sensitivity of tolerancing to 
transmission-line characteristic imedance 
and variation in load-capacitance. 

3. Extending the "charge current" logic ap
plied in the previous point to termination, 
it is generally advisable to select a termi
nation scheme other than series. The 
SC3508Q-1 employed in our example 
design has integral series termination. 
However, the benefit of point-to-point 
distribution afforded by the SC3508Q-1 's 
twenty output pins outweighs the impact 
of series termination. 

4. Design each external clock net such that 
its delay, as computed with typical CL 
values, is aligned with the mean delay 
value of the CPU module. 

5. Bypass heavily and use other noise re
duction methods to minimize clock jitter 
at that load, and devices it communi
cates with. 

From our earlier computations, we know the 
maximum allowable tolerance for the external 
tolerance group is 1.077 nsec. This is the maxi
mum arrival-time difference between either the 
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Pentium and any external load, or the 82496 
and any external load. Note that instead of treat
ing all external clock loads identically, we could 
separately analyze for each load, if necessary. 

Computing the mean delay for external load #3 
first: 

LTP0 ' = L*TP0 --J 1 + CJ(L • C0) 

Where we will substitute: 

L= 10" 

CL= 5pF typical 

(5) 

We get a typical delay of 1631 psec. We need to 
adjust something so that this typical delay aligns 
with the mean in the CPU module of 1586 psec. 
We can add delay to all the other nets or possi
bly reduce the delay of this net. Let us assume 
we can take the latter approach by slightly repo
sitioning the SC3508 relative to this load. To 
align the delays, the length of this net must be 
9.698" (computed by forcing the loaded delay in 
(5) to be 1586 psec). 

At this point, we may also want to consider re
ducing z0• Repeating the preceding for all the 
other external loads: 

Estimated Min Actual 
Load Clock-Net Typical CL Length Length 

1 4" 10pF 8.693" 

2 5" 2pF 10.363" 

3 10" 5pF 9.698" 

4 5.5" 5pF 9.698" 

5 4" 2pF 10.363" 

3.8. Final Design Decisions and Summary 

At this point we have "finished" the design of the • 
clock nets. We still have some constraints to 
compute, which we will do in this section. How-
ever, in the event that an unachievable con-
straint results, it would be necessary to rework 
the layout of the loads and the lengths of the 
clock nets. 
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Jitter, Noise, and External CL Constraints 

The following summarizes the tolerancing for the 
nets we have just designed: 

Intrinsic Extrinsic Tolerance Jitter Tolerance Skew Skew 
Group (pin-pin) w/mlg.tol 

Constraint Constraint 

(psec) (psec) 
(psec) (psec) 

PenHum-82496 0 65 200 135 
200-65 

> 85 
Pentium-82491 500 < 115• 700 700-S00-<11 

5 

82496-82491 500 115 700 85 
70().500-115 

82496-EX1 500 ??? 1077 ??? 

82496·EX2 500 ??? 1077 ??? 

82496-EX3 500 ??? 1077 ??? 

82496-EX4 500 ??? 1077 ??? 

82496-EX5 500 ??? 1077 ??? 

82496-EX6 500 ??? 1077 ??? 

• - By examination. 

System Jitter Constraint - Given the complete 
information we have about the loads in the first 
two tolerance groups, we were able to compute 
jitter constraints. This was done using expres
sion (7). While jitter can be considered to vary 
from location to location in a system, it is a much 
more manageable problem to assume it is uni
form throughout the system. So, for our ex
ample, we will assume a jitter constraint of 

System Jitter Constraint= Min(135, <85, 85) 
= 85psec 

Therefore, we will limit jitter to 85 psec on a 
system-wide basis. Given the 1077 - 500 = 577 
psec of room we have for combined jitter and 
extrinsic tolerancing in the external tolerance 
group, it is not likely we will need to control jitter 
to a lower level. We will now use our jitter con
straint to compute the extrinsic skew constraint 
on the external loads and an approximation on 
the noise level. 

External Extrinsic Skew Constraint- Our limit 
on tolerancing in the external group due to load
capacitance variation and manufacturing toler
ances on the net is: 

1 077 - 500 - 85 = 492psec 

In the following table, we have computed the 
allowable variation on CL. The analysis allocates 
20 psec/in for manufacturing tolerances on each 
external net, computes an extrinsic skew con
straint from that, and then a constraint on CL. 
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Mfg Toi 0 Extrinsic 

CTY• Length Skew .6.CL2 Load 
(pF) (in) 20psec/ln 

Limit 
(psec) (psec) 

(pF) 

1 10 8.693 174 318 ±5.6 

2 2 10.363 207 285 ±4.2 

3 5 9.698 194 298 ±4.7 

4 5 9.698 194 298 ±4.7 

5 2 10.363 207 285 ±4.2 

1. 492psec • MT 

2. Computed from expression (6) by setting 
.6.L T Po. equal to the extrinsinc skew limit, 
and forcing symmetric variation of the CL 
value around the typical value. That is, 
letting 

clmax = CTYP + CJ2 and, 

clmin = CTYP • C/2 

The values from the right-most column are a 
constraint that we place on the clock inputs of 
the devices that receive the external clocks. In 
most cases, it is clear we have more than ad
equate margin on the low side. 

System Noise Constraint • From Figure 5, we 
know that noise in the power environment and 
clock-signal transition-times interact directly with 
jitter. Budgeting jitter in a clock-distribution and 
reception network is complicated and a detailed 
treatment of that is beyond the scope of this 
note. In our example, we have a single device 
performing clock-distribution, and can assume 
all jitter is added at that point. An approximation 
of the maximum noise-voltage that the 
SC3508Q-1 can see at its power pins can be 
derived from: 

Max Jitter "' Slew max * V noi••!P-Pl 

where, 

Slewmax is the slowest (largest) slew rate 
in nsec/volt. 

(11) 

vnoise(p-p) is the peak to peak noise voltage. 

This was "derived'' by examination of Figure 5. 
Assuming the signal into the SC3508-1 climbs 
4V in 5 nsec (typical for many crystal oscilla
tors), 

0.085 nsec = (5nsec/4V) * V noise(p-pl 

Vno1se<P-P> = 68mV 
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This is an aggressive but achievable noise-volt
age level at the pin of the SC3508Q-1. To 
achieve this, noise reduction methods must be 
used, such as including suitable bypass capaci
tors. A detailed discussion of noise-voltage re
duction is beyond the scope of this note. Notice, 
however, that employing a crystal oscillator with 
faster edges increases the allowable noise volt
age. 

Configuring the SC3508Q-1 

The data sheet provides detailed information on 
configuring the various inputs of the SC3508Q-
1. The CLOCK SEL pin must be tied either low 
for a TTL source or high for an ECL source. 
Since the clock must toggle during power up 
(c.f. Section 2.2), the RESET input of the 
SC3508Q-1 can be tied high (inactive). Finally, 
source series termination is provided within the 
SC3508Q-1 to match the output drivers to lines 
with characteristic impedances in the range of 
50 to 75 ohms. The patented output drivers also 
prevent undershoot and thereby reduce noise at 
the receiving chip input. The result is that the 
SC3508 provides 20 outputs with excellent sig
nal integrity. 

A Word About Serpentine Delays 

Through out this design example we have as
sumed that the clock net lengths are matched. 
A typical method of accomplishing this to ser
pentine clock nets which need additonal length. 

The reader is cautioned that serpentining can 
have an effect on the propagation rate of a net. 
In Reference 2, this effect is described and illus
trated with measurement. 

4. EXTENSIONS TO THE DESIGN 
EXAMPLE 

Our example was for a "typical" Pentium system. 
There are two significant extensions that can be 
made to this example: 

1. Divided synchronous systems 

2. Larger systems 
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4.1. Divided Synchronous Systems 

In a divided synchronous system, the CPU mod
ule (12 loads) runs at 66-MHz and all of the 
circuitry external to the CPU module runs at 33-
MHz. The memory bus controller will need one 
or two copies of both clocks to coordinate com
munication between the two timing environ
ments. If our example design were converted to 
a divided synchronous system, we would need 
to select a clock buffer capable of providing an 
appropriate number of copies both clock fre
quencies. The AMCC SC3500Q-1 can fill this 
role. The SC3500's outputs are arranged in 
three groups (1 O, 5, & 5 pins), each of which can 
be operated at various relationships to the input 
as follows: 

Output Relationship to Output 
Group 

Fa 1 O outputs at Finpu/2 
(max = 80 MHz) 

Fb 5 outputs at Finpu/2 or Finpu/4 

Fe 5 outputs at Finpu/4 or Finpu/8 

Therefore, we can convert our example to a di
vided synchronous system using an SC3500 as 
follows: 

1. Drive the buffer with a 133MHz source. 

2. Configure Fa and Fb groups for 66MHz 
(15 clock signals) 

11 loads in CPU module (as previous) 

4 clock signals available for MBC 

3. Configure Fe group for 33-MHz (5 clock 
signals) 

Figure 13 shows this configuration. The analysis • 
of tolerancing for this new arrangement would 
be similar to what was shown in our original ex-
ample. 

Figure 13. 

SC3500-1 Fa Grou 10 66MHz 

1-'F-=b-=G=ro=u '--T-5- 66 MHz 

133MHz 
1-'F-"c-=G=ro=u '---T-5- 33 MHz 
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4.2. Larger Systems 

When the number of loads in a system exceeds 
the number of pins on the clock buffer em
ployed, it is necessary to move to a tree-struc
tured clock-distribution network to fan out the 
signals. When this is the case, the tradeoffs and 
the analysis are more complicated. The most 
noteable effect is that part-to-part buffer toler
ances come into play. In even larger systems, 
cascaded part-to-part tolerances come into play. 
A complete discussion of these issues goes be
yond the scope of this note. References 1 and 2 
cover this subject in more depth. We will, how
ever, provide some guidelines: 

1. Exploit locality (i.e. the commonality of 
clock paths) in signal groups where 
tolerancing requirements are tight. For 
example, drive all of the loads in the 
CPU module from a single SC3508Q-1 
to keep the part-to-part tolerances out of 
tolerances expressions. 

2. Align the mean delays of all clock paths. 

Figure 14 shows a mid-sized Pentium clock dis
tribution network. It takes advantage of the re
duced tolerancing among the outputs of the Fa 
group (250 psec). 
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5. SUMMARY 

This note has presented a detailed example of 
clock-distribution in a typical Pentium design us
ing AMCC's SC3508Q-1 clock driver. This ex
ample discussed the most important design 
decisions, and extended the example to other 
common design cases. As we saw, many of the 
timing-environment design methods previously 
necessary only in larger and faster computers 
are now necessary in Pentium systems. 

Even with these constraints, this application 
note shows that the SC3508Q-1 can be used in 
Pentium systems to create a statistically stable 
design. With twenty outputs, a low-skew design, 
and its no-undershoot drivers, the SC3508Q-1 
allows the engineer to design a clock distribution 
scheme that will satisfy the rigorous require
ments of the Pentium chips. 

Figure 14. 
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52 PQFP 
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0.17 MAX 
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52 PQFP LANOPATTERN 
14 x 14 x 2.0 x 3.2mm 
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28-PIN SOIC THERMAL CHARACTERISTICS 

28 SOIC (.300" BODY) LANDPATTERN 
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DEVICE SPECIFICATION A Mee· 
S4402/S4403 BiCMOS PLL CLOCK GENERATORS 

FEATURES 
• Generates six clock outputs from 20 MHz to 

80 MHz (the S4403 generates ten outputs and 
HFOUT generates 1 OMHz to 40MHz) 

• 21 selectable phase/frequency relationships for 
the clock outputs 

• Compensates for clock skew by allowing output 
delay adjustment down to 3.125 ns increments 

• TTL outputs have less than 400 ps maximum 
skew 

• Lock Detect output indicates loop status 
• Internal PLL with VCO operating at 160 to 

320 MHz 
• Test Enable input allows VCO bypass for 

open-loop operation in board test 
• Maximum 1.0 ns of phase error (750 ps from 

part to part) 
• Proven 1.0 micron BiCMOS technology 
• Single +5V power supply operation 
• 28/44 PLCC packages 

Figure 1. Clock Generator Block Diagram 

NOTE: FOUTOA, FOUT1 A, 
FOUT2A, FOUT3A. and 
OUTEN2 apply only to the 
S4403. 
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APPLICATIONS 
• CMOS ASIC Systems 
• High-speed Microprocessor Systems 
• Backplane Clock Deskew and Distribution 

GENERAL DESCRIPTION 

The S4402/S4403 BiCMOS clock generators allow 
the user to generate multiphase TTL clocks in the 
10-80 MHz range with less than 400 ps of skew. Use 
of a single off-chip filter allows an entire 160-320 
MHz phase-locked loop (PLL) to be implemented on
chip. Divide-by-two and times-two outputs allow the 
ability to generate output clocks at half, equal to, or 
twice the reference clock input frequency. By using 
the programmable divider and phase selector, the 
user can select from up to 21 different output rela
tionships. The outputs can be phase-adjusted in 
increments as small as 3.125 ns to tailor the clocks 
to exact system requirements. 

Implemented in AMCC's proven 1.0 micron BiCMOS 
technology, the S4402 generates six TTL outputs, 
while the S4403 provides those six plus four dupli
cates (FOUTOA-FOUT3A) for a total of ten. Output 
enables are provided for the various banks, allowing 
clock control for board and system tests. 

DIVIDER 
AND 

PHASE 
CONTROL 

LOGIC 

LOCK 

FILTER 

X2FOUT 

HFOUT 

FOUTO 

FOUT3 

FOUTOA 

FOUT1A 

FOUT2A 

FOUT3A 
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AMCC 
S4402/S4403 BiCMOS PLL CLOCK GENERATOR 

FUNCTIONAL DESCRIPTION 

Frequency and Phase Controls 

The S4402/S4403 clock generators provide multiple 
outputs that are synchronized in both frequency and 
phase to a periodic clock input. Two select pins and 
an external feedback path allow the user to phase
adjust the six outputs (FOUTO-FOUT3, HFOUT, and 
X2FOUT) relative to the input clock REFCLK, as well 
as control their frequency. 

The DIVSEL input controls the programmable divider 
that follows the voltage controlled oscillator (VCO). 
This doubles the lock range of the PLL by allowing 
the user to select a VCO frequency divided by four 
(DIVSEL Low) or by eight (DIVSEL High). 

The frequency of the four FOUTO-FOUT3 outputs (and 
the duplicate set of the four FOUTOA-FOUT3A outputs 
on the S4403) is determined by the REFCLK clock 
frequency and the output that is tied back to the 
FBCLK input. In addition, the X2FOUT TTL output pro
vides a clock signal identical to the FOUTO output in the 
divide-by-four mode, and twice the FOUTO frequency 
(maximum frequency of 80 MHz) in the divide-by
eight mode. The HFOUT TTL output provides a clock 
signal that is in phase with the FOUTO output, but at 
half the FOUTO frequency in both the divide-by-four 
and divide-by-eight modes. Refer to the Output Select 
Matrix in Table 3 for the specific relationships. 

Phase adjustments can be made in increments as 
small as 3.125 ns. The minimum phase delay be
tween FOUTO-FOUT3 signals is a function of the 
VCO frequency. The VCO frequency can be deter
mined by multiplying the output frequency by the 
divide-by ratio of four or eight, controlled by DIVSEL. 
The minimum phase delay t is equal to the period of 
the VCO frequency: 

t = 1 I VCO freq 

Since the VCO can operate in the 160 MHz to 
320 MHz range, minimum phase delay values can 
range from 6.25 ns to 3.125 ns. Table 1 shows vari
ous FOUT/VCO frequencies and the associated 
phase resolution. 

The PHSEL 1 and PHSELO inputs allow the user to 
select several phase relationships among the four 
FOUTO-FOUT3 TTL clock outputs. These choices 
can be seen in Table 2, and the Output Select Matrix 
provided in Table 3 describes the 21 output configu
rations available to the user. The two "Select Pins" 
columns specify the signal levels on the pins 
PHSELO and PHSEL 1. These are active High sig
nals. The column entitled "Output Fed to FBCLK" 
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indicates which output (FOUTO-FOUT3, HFOUT, or 
X2FOUT) is externally connected to the feedback in
put (FBCLK) to produce the resulting waveforms 
shown in the appropriate row in the table. The last 
seven columns specify the resulting phase and fre
quency relationships of each output to the user clock 
input (REFCLK). A negative value indicates the time 
by which the output rising edge precedes the input 
(REFCLK) rising edge. A positive value is the time by 
which the rising edge of the output follows the rising 
edge of the input clock. 

Table 1. Example Phase Resolution 
FOUT0-3 Divider vco Min Phase 
Fre_q_ Select Freq Resolution 

BO MHz 4 320 MHz 3.125 ns 

66MHz 4 266 MHz 3.75 ns 

50MHz 4 200MHz 5.0 ns 

40MHz 4 160 MHz 6.25 ns 

40MHz 8 320MHz 3.125 ns 

33MHz 8 266MHz 3.75 ns 

25MHz 8 200 MHz 5.0 ns 

20MHz 8 160 MHz 6.25 ns 

Table 2. Phase Selections 
PHSEL1 PHSELO Phase Relationship 

0 0 All at same phase 

0 1 FOUTO-FOUT3 outputs skewed by 
90 degrees from each other 

1 0 FOUT1 leads FOUTO by minimum 
phase, FOUT2 lags FOUTO by 
minimum phase, and FOUT3 lags 
FOUTO by 90 degrees 

1 1 FOUT1 lags FOUTO by minimum 
phase, FOUT2 lags FOUT1 by 
minimum phase, and FOUT3 lags 
FOUT2 by minimum phase 

Example: 

In a typical system, designers may need several low
skew outputs, one early clock, one late clock, a clock 
at half the input clock frequency, and one at twice the 
input clock frequency. This system requirement can 
be met by setting PHSEL 1 to 1, PHSELO to 0, and 
feeding back FOUTO to the FBCLK input (Row 1 O of 
Table 3). The result is that FOUTO will be phase
aligned to REFCLK, FOUT1 will lead REFCLK by a 
minimum phase delay, FOUT2 will lag REFCLK by a 
minimum phase delay, FOUT3 will phase-lag 
REFCLK by 90°, HFOUT will be phase-aligned with 
REFCLK but at half the frequency, and X2FOUT will 
be either phase-aligned at the same frequency as the 
reference clock if DIVSEL = 0, or at twice the fre
quency if DIVSEL = 1. 

Several other waveform examples and typical appli
cations are provided on pages 7-8 and 7-9. 

Applied Micro Circuits Corporation 
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AMCC 
BiCM05 PLL CLOCK GENERATOR 54402/54403 

Enabling Outputs 

The 54402 has two output-enable inputs that control 
which outputs toggle. (The 54403 has three output
enable inputs.) When held LOW, OUTENO controls 
the frequency doubler output X2FOUT and the half
frequency output HFOUT. OUTEN1 controls the 
FOUTO-FOUT3 outputs. The third input on the 
54403, OUTEN2, controls the duplicate set of four 
outputs FOUTOA-FOUT3A. When an output enable 
pin is held High, its associated outputs are disabled 
and held in a High state. 

Filter 

The FILTER output is a tap between the analog out
put of the phase detector and the VCO input. This pin 
allows a simple external filter (Figure 2) to be in
cluded in the PLL. AMCC recommends the use of the 
filter component values shown. This filter was chosen 
for its ability to reduce the output jitter and filter out 
noise on the REFCLK input. The filter components 
should be in surface mounted packages with mini
mum lead inductance. 

Figure 2. External PLL Filter 

20 
A VCCi----------- A +5V 

0.1µF 

54402 
1.5k'1 

19 
FILTER 1---------' 

Reset 

When the RESET pin is pulled low, all the internal 
states go to zero one clock cycle (from the VCO or 
REFCLK in the test mode) before the outputs go low. 
After the chip is reset, the PLL requires a 
resynchronization time of S:5ms before lock is again 
achieved. 

lock Detect 

A lock detect function is provided by the LOCK out
put. When REFCLK and FBCLK are within 2-4 ns of 
each other, the PLL is in lock, and the LOCK output 
goes High. 

Applied Micro Circuits Corporation 
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Power Supply Considerations 

Power for the analog portion of the S4402/S4403 
chips must be isolated from the digital power supplies 
to minimize noise on the analog power supply pins. 
This isolation between the analog and digital power 
supplies can be accomplished with a simple external 
power supply filter (Figure 3). The analog power 
planes are connected to the digital power planes 
through single ferrite beads (FB1 and FB2) or induc
tors capable of handling 25 mA. The recommended 
value for the inductors is in the range from 5 to 
1 OOµH, and depends upon the frequency spectrum of 
the digital power supply noise. The ferrite beads 
should exhibit 750 impedance at 10 MHz. 

Decoupling capacitors are also very important to mini
mize noise. The decoupling capacitors must have low 
lead inductance to be effective, so ceramic chip ca
pacitors are recommended. Decoupling capacitors 
should be located as close to the power pins as physi
cally possible. And the decoupling should be placed 
on the top surface of the board between the part and 
its connections to the power and ground planes. 

Figure 3. External Power Supply Filter 

FB1 
ANALOG+5V~ DIGITAL+SV_ 

l 0.1 µF ..!.. 10 µF 
., T Tantalum 

1 (optional) 

FB2 
ANALOG GND_._,-rnrn~-+-- DIGITAL GND 

Test Capabilities 

The TSTEN input puts the S4402/S4403 into a test 
mode and allows users to bypass the VCO and pro
vide their own clock through the REFCLK input. 
When TSTEN is High, the VCO is turned off and the 
REFCLK signal drives the divider/phase adjust cir
cuitry, directly sequencing the outputs. The TSTEN 

. and REFCLK inputs join the divider circuitry after the 
initial divide-by-two stage. Therefore, REFCLK is di
vided by two in the divide-by-four mode and divided 
by four in the divide-by-eight mode. 
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S4402/S4403 BiCMOS PLL CLOCK GENERATOR 

PIN DESCRIPTIONS 

Input Signals 

REFCLK. Frequency reference supplied by the user 
that, along with the output tied to the FBCLK input, 
determines the frequency of the FOUTO-FOUT3 out
puts. Also replaces the VCO output when TSTEN is 
high (after first divide-by-two stage in divider phase 
control logic). See TSTEN. 

FBCLK. Feedback clock that, along with the 
REFCLK input, determines the frequency of the 
FOUTO-FOUT3 outputs. One output is selected to 
feed back to this input. (See Table 3.) 

DIVSEL. Controls the divider circuit that follows the 
VCO. When DIVSEL is low, the VCO frequency is 
divided by four. When DIVSEL is high, the VCO fre
quency is divided by eight. (See Tables 1 and 3.) 

PHSELO. This input, along with PHSEL 1, allows se
lection of the phase relationship among the four 
FOUTO-FOUT3 outputs. See Tables 2 and 3 for the 
selection choices. 

PHSEL 1. Along with PHSELO, allows selection of the 
phase relationship among the four FOUTO-FOUT3 
outputs. See Tables 2 and 3 for the selection 
choices. 

OUTENO. Active Low. Output enable signal that con
trols which outputs toggle. Controls the frequency 
doubler output (X2FOUT) and the half-frequency out
put (HFOUT). 

OUTEN1. Active Low. Output enable signal that con
trols which outputs toggle. Controls the 
FOUTO-FOUT3 outputs. 

OUTEN2. (S4403 only.) Active Low. Controls the 
duplicate set of outputs to FOUTO-FOUT3 
(FOUTOA, FOUT1A, FOUT2A, AND FOUT3A). 

RESET. Active Low. Initializes internal states for test 
purposes. 

TSTEN. Active High. Allows REFCLK to drive the 
divider phase adjust circuitry, after the first divide-by
two stage. Therefore, REFCLK is divided by two in 
the divide-by-four mode, and divided by four in the 
divide-by-eight mode, and used to directly sequence 
the outputs. 
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Output Signals 

FILTER. A tap between the analog output of the 
phase detector and the VCO input. Allows a simple 
external filter (a single resistor and one capacitor) to 
be included in the PLL. 

X2FOUT. Provides a clock signal identical to the 
FOUTO output in the divide-by-four mode and twice 
the FOUTO frequency (maximum of 80 MHz) in the 
divide-by-eight mode. 

FOUTO. Clock output. 

FOUT1. Clock output. 

FOUT2. Clock output. 

FOUT3. Clock output. 

HFOUT. Provides a clock signal in phase with the 
FOUTO output, but at half the FOUTO frequency in 
both the divide-by-four and divide-by-eight modes. 

LOCK. Goes high when REFCLK and FBCLK are 
within 2-4 ns of each other, demonstrating that the 
PLL is in lock. 

FOUTOA. (S4403 only.) Clock output-duplicates 
FOUTO. 

FOUT1A. (S4403 only.) Clock output-duplicates 
FOUT1. 

FOUT2A. (S4403 only.) Clock output-duplicates 
FOUT2. 

FOUT3A. (S4403 only.) Clock output-duplicates 
FOUT3. 

Applied Micro Circuits Corporation 
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BiCM05 PLL CLOCK GENERATOR 54402/54403 

Table 3. Output Select Matrix 

Configuration Select Pins Output Fed Output Phase Relationships 
Number to FBCLK ~ ,.a 

PHSEL1 PHSELO FOUTO FOUT1 FOUT2 FOUT3 HFOUT X~OUT 
,1 0 0 FOUTO-FOUT3 0 0 0 0 0/2 0 2(0) 

2 0 0 HF OUT 2(0) 2(0) 2(0) 2(0) 0 2(0) 4(0) 

3 0 0 X2FOUT J_+fil_ Ol2 012 012 012 0/4 0 

4 0 1 FOUTO 0 o 20 3Q 012 0 2(0) 

5 0 1 FOUT1 -a 0 o 20 -012 -a 2(-Q) 

6 0 1 FOUT2 -20 -a 0 o -2Q/2 -20 2(-20) 

7 0 1 FOUT3 -30 -20 -a 0 -3Q/2 -30 2(-30) 

8 0 1 HFOUT 2(0) 2(0) 2(20) 2(30) 0 2(0) 4(0) 

9 0 1 X2FOUT J_+S}_ 012 Ql2 20/2 30/2 0/4 0 

10 1 0 FOUTO 0 -! I o 012 0 2(0) 

11 1 0 FOUT1 I 0 21 O+t 112 I 2(1) 

12 1 0 FOUT2 -I -21 0 Q-t -112 -I 2(-t) 

13 1 0 FOUT3 -a -Q-1 -Q+I 0 -012 -a 2(-Q) 

14 1 0 HFOUT 2(0) 2(-1) 2(1) 2(0) 0 2(0) 4(0) 

15 1 0 X2FOUTJ_~ 012 -112 112 012 0/4 0 

16 1 1 FOUTO 0 I 21 31 012 0 2(0) 

17 1 1 FOUT1 -I 0 I 21 -112 -I 2(-1) 

18 1 1 FOUT2 -21 -I 0 I -2112 -21 2(-21) 

19 1 1 FOUT3 -31 -21 -I 0 -3112 -31 2(-31) 

20 1 1 HFOUT 2(0) 2(1) 2(21) 2(31) 0 2(0) 4(0) 

21 1 1 X2FOUT (+8) 012 112 2112 3112 0/4 0 

Notes: 1. "O" implies the output is aligned with REFCLK. 
2. ''t" implies the output lags REFCLK by a minimum phase delay. 
3. "Q" implies the output lags REFCLK by go0 of phase 
4. "-t" implies the output leads REFCLK by a minimum phase delay. 
5. "-Q" implies the output leads REFCLK by go0 of phase. 
6. "2( )" implies the output is at twice the frequency of REFCLK. 
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54402/54403 EXAMPLES 

Figure 4. Configuration Examples 
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BiCMOS PLL CLOCK GENERATOR S4402/S4403 

TYPICAL APPLICATIONS 

The S4402/S4403 chips are designed to meet a 
large variety of system clocking requirements. Sev
eral typical applications are provided below. 

Application 1. High-Frequency, Low-Skew Clock 
Generation 

One of the most basic capabilities of the S4402/ 
54403 devices is generating multiple phase
aligned low-skew clocks at various multiples of the 
input clock frequency. For example, in a multiple
board system a half-frequency clock can be 
generated for use across the backplane, where it 
is simpler to route a low-speed signal. This signal 
can then be doubled on the boards, and synchro
nization will be maintained. 

Application 2. Low-Skew Clock Distribution 

One common problem in clocking high-speed sys
tems is that of distributing several copies of a 
system clock while maintaining low skew through
out the system. The S4402/S4403 devices 
guarantee low skew among all the clocks in the 
system, as they have effectively zero delay be
tween their input and output signals, with an output 
skew of less than 400 ps. The user can also adjust 
the phases of the outputs in increments as small 
as 3.125 ns, for load and trace length matching. 

Application 3. Delay Compensation 

Since the relative edges of the S4402/S4403 out
puts can be precisely controlled, these chips can 
be used to compensate for different delays due to 
trace lengths or to internal chip delays, simplifying 
board layout and bus timing. In the example 
shown, the two ASICs have a difference of several 
nanoseconds in their propagation delays. The 
S4402s ensure that the output signals are aligned, 
so that the data valid uncertainty on the com
mon bus is minimized. 

Applied Micro Circuits Corporation 
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AMCC 
S4402/S4403 BiCMOS PLL CLOCK GENERATOR 

Absolute Maximum Ratings Commercial 
TTL Supply Voltll!l_e VCC (VEE = 0) 7.0V 

TTL Input Voltage (VEE = 0) 5.5V 

Operati~ Ten:!E_erature o•c to 10°c ambient 

Operating Junction Temperature TJ + 13o•c 

Storage Temperature -65°C to +150°C 

Recommended Operating Conditions 

Commercial 

Parameter Min Nom Max Units 

TTL Supply Voltage (VCC) 4.75 5.0 5.25 

Operating Temperature 0 - 70 

l!_ambient) (ambient) 

Junction Temperature - - 130 

DC Characteristics 

Symbol Parameter DC Test Conditions 

V1H2 Input HIGH voltage 
Guaranteed input HIGH voltage for 
all inputs 

V1L2 Input LOW voltage Guaranteed input LOW voltage for 
all inputs 

V1K Input clamp diode voltage Vee= Min, l1N = -18mA 

IOH = -12mA3 (COM) 
VOH Output HIGH voltage Vcc=Min 

IOH = -24mA3 (COM) 

VOL Output LOW voltage vcc=Min IOL = 24mA3 (COM) 

1ouTEN2 
llH Input HIGH current Vee = Min, V1N = 2.4V l Other 

11 Input HIGH current at max Vee = Max, V1N = Vee 

llL Input LOW current Vee= Min, VjN = 0.5V 
1 OUTEN2 

1 Other 

ios4 Output short circuit current Vee= Max, vour = ov 

ice Static Vcc=Max lcoM 

ice Total Ice (Dynamic and Static) VLOAD = 25pF at 50 MHzl COM 

1. Typical limlts are at 25°C, V cc= 5.0V. 
2. These input levels should only be tested in a static, noise-free environment. 
3. low'loL values indicated are for DC test correlation. Actual dynamic currents are 

significantly higher and are optimized to balance rise and fall times. 
4. Maximum test duration is one second. 

v 

•c 

•c 

Min 

2.0 

2.4 

2.0 

-25 

Typ1 Max Units 

v 

0.8 v 

-0.8 -1.2 v 
v 
v 

0.5 v 
-200 µA 

50 µA 

1.0 mA 

-500 µA 

-50 µA 

-100 mA 

70 mA 

190 mA 
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Table 4. AC Specifications 

54402/3-66 54402/3-80 

Symbol Description Min Max Min Max 

fvco VCO Frequen<2'_ 160 266 160 320 

fBE£ REFCLK Fr~uen~ 10 66 10 80 

MPWl3Sf. REFCLK Minimum Pulse Width 7.0 6.0 

fp...i;_ Phase Error between REFCLK and FBCLK ·1.0 0 ·1.0 0 

lpi;Q_ Phase Error Difference from Part to Part1 0 750 0 750 

~ Output Skew2 0 400 0 400 

.k Ou~t~~le3 45 55 45 55 

fFOuT FOUT F~elJ2t. 20 66 20 80 

fHFOllT HFOUT Fnig_ue~ 10 33 10 40 

.!2i<FM 2XFOUT Fr~uen£t.. 40 66 40 80 

!es_ Nominal Phase Shift Increment 3.75 6.25 3.125 6.25 

tpsJ Phase Shift Variation5 -250 +250 ·250 +250 

...!2fi> ~ OUTEN0-2 to FOUTS, Disable 2 7 2 7 

~ 'Tjl_d OUTEN0-2 to FOUTS, Enable 2 7 2 7 

l1RF Input Rise/Fall Time 1 3 1 3 

~ FOUT Rise/Fall Time6 O.!$ 1.5 0.5 1.5 

.!bill:K Loop Acquisition Time7 5 5 

~ Clock Stability8 500 500 

1. Difference in phase error betwden two parts at the same voltage, temperature and frequency. 
2. Output skew guaranteed for equal loading at each output. 
3. Outputs loaded with 35pF, measured at 1.5V. 
4. CLOAD = 35 pF. 
5. All phase shift increments and variation are measured relative to FOUTO at 1.5V. 
6. With 35 pF output loading (0.8 V to 2.0 V transition). 
7. Depends on loop filter chosen. (Number given is for example filter.) 
8. Clock period jitter with all FOUT outputs operating at 66 MHz and loaded with 25pF using loop filter 

shown. Parameter guaranteed, but not tested. 

Figure 5. Timing Waveforms 
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Units 

MHz 

MHz 

ns 

ns 

~ 

ps 

% 

MHz 

MHz 

MHz 

ns 

~ 
ns 

ns 

ns 
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AMCC 
S4402/S4403 BiCMOS PLL CLOCK GENERATOR 

BOARD LAYOUT CONSIDERATIONS 

• The 54402/54403 chips are sensitive to noise on 
the Analog +5 V and ·Filter pins. Care should be taken 
during board layout for optimum results. 

•All decoupling capacitors (C1-C4 = 0.1 µF) should be 
bypassed between VCC and GND, and placed as 
close to the chip as possible (preferably using ceramic 
chip caps) and placed on top of board between S4402/ 
54403 and the power and ground plane connections. 

Figure 6. Board Layout (S4402 shown) 
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+5 
D 

Component 

C1-C4 

C6 

R1 

FB1,FB2 

• No dynamic signal lines should pass through or 
beneath the filter circuitry area (enclosed by dashed 
lines in Figure 6) to avoid the possibility of noise due 
to crosstalk. 

• The analog VCC supply can be a filtered digital 
VCC supply as shown below. The ferrite beads or 
inductors, FB1 and FB2, should be placed within 
three inches of the chip. 

• The analog VCC plane should be separated from the 
digital VCC and ground planes by at least 1/8 inch. 

+5 
D 

Description 

+5 
D 

No signals should pass through 
the area enclosed by dashed lines 

0.1 µF ceramic capacitor 

0.1 µF ceramic capacitor 

1.5K10% resistor 

Ferrite bead or inductor 

Applied Micro Circuits Corporation 
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AMCC 
BiCMOS PLL CLOCK GENERATOR S4402/S4403 

Figure 7. 54402 28 PLCC Package and Pinout 

[SYM :.M!ti MAX 
A.1 .147 .1![ 
e .013 .021 
82 .rg_6 .032 
c .007 ::m 
D .487 .497 
01 .444 .459 

• .048 .052 
e2 .410 ·~ 

All dimensions nominal in inches. 

28 PLCC Thermal Resistance 

Still Air 100 Linear FtJMin 200 Linear Ft./Min 

60°C/Watt 50°C/Watt 45°C/Watt • 
Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 10-85 



AMCC 
54402/54403 BiCM05 PLL CLOCK GENERATOR 

Figure 8. 54403 44 PLCC Package and Pinout 
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"' .. ~ 5 5 > ~ ~ ~ ~ ~ ~ 
g ~ ~ ~ g ~ ~ 9 ~ ~ g 

e 

D+SV D+SV 

FOUT2A DIVSEL 

FOUT2 PHSELO 

NC PHSEL1 

D+SV NC 

DGNO GNO..ANALOG 

FOUT1A +SVANALOG 

FOUT1 +SVANALOG 

FOUTOA FILTER 

FOUTO NC 

D+SV D+SV 

0 ~ ~ 0 > ~ z ~ u z 0 
z 5 5 z ~ ~ w ~ z ~ ~ g ~ ~ g 0 5 5 ~ ~ 0 

~ ::c 0 0 0 

I [S_YMJ MIN MAX 
Al .14! -~ 
B .013 .021 

•2 82 .026 .032 
c .007 .013 
D .687 .697 
01 .644 .659 

• .046 .052 
e2 .610 -~ ''.j., ~ 

All dimensions nominal in inches. 

Ordering Information 

AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: • Device Number 

S4402/03 A -66 ITD 

L 

• Package Type 
• Speed Option 
• Optional Shipping Configuration 

Optional Shipping Configuration 
Blank =tube 
ID =dry pack 
ITD = tape, reel and dry pack 
Speed Option 
-66 =66 MHz 
-80= 80 MHz 
Package Option 
A = 28-pin PLCC (54402) 
B = 44-pin PLCC (54403) 

Device Number 
S4402 

Example: 54402A-66/D S4403 
28-pin PLCC package, shipped dry packed in the standard tube. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



DEVICE SPECIFICATION 
AMCC® 

BiCMOS PECL CLOCK GENERATOR 54405 

FEATURES 
• Generates six clock outputs from 20 MHz to 80 

MHz (HFOUT operates from 10 MHz to 40 MHz) 
• Allows PECL or TIL reference input 
• Provides differential PECL output at up to 160 

MHz 
• 21 selectable phase/frequency relationships for 

the clock outputs 
• Compensates for clock skew by allowing output 

delay adjustment down to 3.125 ns increments 
• TTL outputs have less than 400 ps maximum 

skew 
• Lock Detect output indicates loop status 
• Internal PLL with VCO operating at 160 to 320 

MHz 
• Test Enable input allows VCO bypass for open

loop operation 
• Maximum 1.0 ns of phase error (750 ps from 

part to part) 
• Proven 1.0 micron BiCMOS technology 
• Single +5V power supply operation 
• 44 PLCC package 

Figure 1. Clock Generator Block Diagram 

TTLREF 

PECLREFP 
PECLREFN 

Digital 

+SV--.. 

ov-

Analog 

+SV---. 

ov-

Applied Micro Circuits Corporation 

TSTEN 

DIVS EL 

PHSELO 

PHSEL1 

RESET 

OUTENO 

OUTEN1 

6195 Lusk Blvd,, San Diego, CA 92121 • (619) 450-9333 

MUX 

SELECT 

APPLICATIONS 
• CMOS ASIC Systems 
• High-speed Microprocessor Systems 
• Backplane Clock Deskew and Distribution 

GENERAL DESCRIPTION 

The S4405 BiCMOS clock generators allow the user 
to generate multiphase TIL clocks in the 10-80 MHz 
range with less than 400 ps of skew. Use of a simple 
off-chip filter allows an entire 160-320 MHz phase
locked loop (PLL) to be implemented on-chip. 
Divide-by-two and times-two outputs allow the ability 
to generate output clocks at half, equal to, or twice 
the reference clock input frequency. The reference is 
selectable to be either TIL or PECL. By using the 
programmable divider and phase selector, the user 
can select from up to 21 different output relation
ships. The outputs can be phase-adjusted in 
increments as small as 3.125 ns to tailor the clocks to 
exact system requirements. 

Implemented in AMCC's proven 1.0 micron BiCMOS 
technology, the S4405 generates six TTL outputs 
and one differential PECL output. Output enables are 
provided for the various TTL banks, allowing clock 
control for board and system tests. 

DIVIDER 
AND 

PHASE 
CONTROL 

LOGIC 

LOCK 

FILTER 

PE CLP 
PECLN 
X2FOUT 

HFOUT 

FOUTO 

FOUT1 

FOUT2 

FOUT3 
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AMCC 
S4405 FUNCTIONAL DESCRIPTION 

FUNCTIONAL DESCRIPTION 

This BiCMOS clock generator is designed to allow 
the user to generate TTL clocks, in the 10-80 MHz 
range, with Jess than 400 ps of skew. Implemented 
in AMCC's 1.0µ BiCMOS technology, the internal 
VCO, phase detector, and programmable divider and 
phase selector allow the user to tailor the TTL output 
clocks for his/her system needs. The internal VCO 
can operate between 160 to 320 MHz, and the pro
grammability allows the user to generate TTL output 
clocks in the 10--80 MHz range, and a differential 
+5V referenced ECL output at 80-160 MHz. 

The clock generator offers the user the ability to se
lect the appropriate phase relationship among the 
four FOUT0--3 TTL clock outputs. The phase selec
tion choices are shown in Table 2. 

The clock generator also allows the user to choose 
the divide-by ratio between the VCO frequency and 
the frequency of the FOUT0--3 signals. The VCO fre
quency can be divided by 4 when DJVSEL is low, and 
divided by 8 when DIVSEL is high. The divide ratio 
between the VCO and the pseudo EGL outputs, 
PECLP and PECLN, is a fixed divide-by-2. 

The clock generator also has two output enable in
puts which can be used to control which outputs 
toggle. OUTENO controls the HFOUT and X2FOUT 
outputs, and OUTEN1 controls the FOUT0-3 out
puts. When the output enables are high, the outputs 
are disabled, and held in a high state. 

REFCLK can be driven by either the TTLREF or 
PECLREF inputs. The reference clock source is se
lected with the INPSEL input. When JNPSEL is low, 
the TTLREF input is selected as the reference clock. 

The FOUT0-3 outputs are the main TTL output 
clocks that the generator supplies. The frequency of 
these outputs is determined by the REFCLK clock 
frequency and the output clock that is tied to the 
FBCLK input. FOUT0-3 will be equal to REFCLK, 
half of REFCLK, or twice the frequency of REFCLK. 
The X2FOUT TTL output provides a clock signal that 
is identical to the FOUTO output in the divide-by-4 

Table 1. Example Phase Resolution 

FOUT0-3 Divider vco Min Phase 
Fr~ Select Freq Resolution 

80MHz 4 320 MHz 3.125 ns 

66 MHz 4 266 MHz 3.75 ns 

50 MHz 4 200 MHz 5.0 ns 

40MHz 4 160 MHz 6.25 ns 

40 MHz 8 320 MHz 3.125 ns 

33MHz 8 266 MHz 3.75 ns 

25MHz 8 200 MHz 5.0 ns 

20MHz 8 160 MHz 6.25 ns 

10-88 

mode, but twice the FOUTO frequency (max. freq. of 
66 MHz) in the divide-by-8 mode. The HFOUT TTL 
output provides a clock signal that is also in phase with 
the FOUTO output, but at half the FOUTO frequency. 

FIL TEA is the analog signal from the phase detector 
going into the VCO. This pin is provided so a simple 
external filter (a single resistor and one capacitor) 
can be included in the phase-locked loop of the clock 
generator. 

The LOCK output goes high when the reference 
clock and FBCLK are within 2-4 ns of each other. 
This output tells the user that the PLL is in lock. 

Three pins are included for test purposes. TESTEN 
allows the chip to use the REFCLK signal instead of 
the VCO output to clock the chip. This is used during 
chip test to allow the counters and control logic to be 
tested independently of the VCO. The RESET pin 
initializes the internal counter flip-flops to zeros, but 
several clock cycles are necessary before the out
puts go to a zero state. 

The minimum phase delay between FOUT0--3 sig
nals is a function of the VCO frequency. The VCO 
frequency can be determined by multiplying the out
put frequency by the divide-by ratio of four or eight. 
The minimum phase delay is equal to the period of 
the VCO frequency: MP= 1NCO freq. Since the VCO 
can operate in the 160 MHz to 320 MHz range, the 
range of minimum phase delay values is 6.25 ns to 
3.125 ns. Table 1 shows various FOUTNCO fre
quencies and the associated phase resolution. 

The charge pump and VCO portion of the chip use a 
separate analog power supply. This supply is brought 
onto the chip through a distinct set of power and 
ground pins. This supply should be free of digital 
switching noise. 

Example: 

In a typical system, designers may need several low
skew outputs, one early clock, one late clock, a clock 
at half the input clock frequency, and one at twice 
the input clock frequency. This system requirement 

Table 2. Phase Selections 

PHSEL1 PHSELO Phase Relationsh~ 
0 0 All at same phase 

0 1 Outputs skewed by 90 degrees from 
each other 

1 0 FOUT1 leads FOUTO by minimum 
phase, FOUT2 lags FOUTO by 
minimum phase, and FOUT3 lags 
FOUTO l>y_90 dBl!!ees 

1 1 Outputs skewed by minimum phase 
(determined by the divider selection, 
and the VCO frequency) from each 
other. 

Note: The PECL output is not affected by the phase select inputs. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



AMCC 
FUNCTIONAL DESCRIPTION S4405 

can be met by setting PHSEL 1 to 1, PHSELO to 0, 
and feeding back FOUTO to the FBCLK input (Row 
10 of Table 3). The result is that FOUTO will be 
phase-aligned to the reference clock, FOUT1 will 
lead the reference clock by a minimum phase delay, 
FOUT2 will lag the reference clock by a minimum 
phase delay, FOUT3 will phase-lag the reference 
clock by 90°, HFOUT will be phase-aligned with the 
reference clock but at half the frequency, and 
X2FOUT will be either phase-aligned at the same 
frequency as the reference clock if DIVSEL = 0, or at 
twice the frequency if DIVSEL = 1. 

Enabling Outputs 

The S4405 has two output-enable inputs that control 
which outputs toggle. When held LOW, OUTENO 
controls the frequency doubler output X2FOUT and 
the half-frequency output HFOUT. OUTEN1 controls 
the FOUT0-3 outputs. When an output enable pin is 
held High, its associated outputs are disabled and 
held in a High state. 

Filter 

The FIL TEA output is a tap between the analog out
put of the phase detector and the VCO input. This pin 
allows a simple external filter (Figure 2) to be in
cluded in the PLL. AMCC recommends the use of the 
filter component values shown. This filter was chosen 
for its ability to reduce the output jitter and filter out 
noise on the reference clock input. 

Reset 

When the RESET pin is pulled low, all the internal 
states go to zero, but the outputs will not go low until 
one clock cycle later (VC0/2 or period of the refer
ence clock). After the chip is reset, the PLL requires 
a resynchronization time before lock is again achieved. 

Lock Detect 

A lock detect function is provided by the LOCK out
put. When the selected reference clock and FBCLK 
are within 2-4 ns of each other, the PLL is in lock, 
and the LOCK output goes High. 

Figure 2. External PLL Filter 

32 
AVCC1---------..~ A+5V 

0.1 µF 

S4405 
1.skn 

31 
FILTER 1-----------' 

Applied Micro Circuits Corporation 

Power Supply Considerations 

Power for the analog portion of the S4405 chips must 
be isolated from the digital power supplies to mini
mize noise on the analog power supply pins. This 
isolation between the analog and digital power sup
plies can be accomplished with a simple external 
power supply filter (Figure 3). The analog power 
planes are connected to the digital power planes 
through single ferrite beads (FB1 and FB2) or induc
tors capable of handling 25 mA. The recommended 
value for the inductors is in the range from 5 to 
1 OOµH, and depends upon the frequency spectrum of 
the digital power supply noise. The ferrite beads 
should exhibit 750 impedance at 10 MHz. 

Decoupling capacitors are also very important to mini
mize noise. The decoupling capacitors must have low 
lead inductance to be effective, so ceramic chip capaci
tors are recommended. Decoupling capacitors should 
be located as close to the power pins as physically 
possible. And the decoupling should be placed on the 
top surface of the board between the part and its 
connections to the power and ground planes. 

BOARD LAYOUT CONSIDERATIONS 

• The S4405 is sensitive to noise on the Analog +5 V 
and Filter pins. Care should be taken during board 
layout for optimum results. 

•All decoupling capacitors (C1-C4 = 0.1 µF) should 
be bypassed between VCC and GND, and placed as 
close to the chip as possible (preferably using ce
ramic chip caps) and placed on top of board between 
S4405 and the power and ground plane connections. 

• No dynamic signal lines should pass through or 
beneath the filter circuitry area (enclosed by dashed 
lines in Figure 4) to avoid the possibility of noise due 
to crosstalk. 

Figure 3. External Power Supply Filter 

FB1 
ANALOG +5V Jo:; DIGITAL+5V 

..!.. 10 µF 
T Tantalum 
I (optional) 

FB2 
ANALOG GND DIGITALGND 
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AMCC 
S4405 PIN DESCRIPTIONS 

• The analog VCC supply can be a filtered digital 
VCC supply as shown below. The ferrite beads or 
inductors, FB1 and FB2, should be placed within. 
three inches of the chip. 

• The analog VCC plane should be separated from the 
digital VCC and ground planes by at least 1/8 inch. 
Figure 4. Board Layout 

I 

I 34 
I 

S4405 I 33 
I 
I 32 
I 
I 31 

Test Capabilities 

The TSTEN input allows users to bypass the VCO and 
provide their own clock through the selected reference 
clock input. When TSTEN is High, the VCO is turned 
off and the REFCLK signal drives the divider/phase 
adjust circuitry, directly sequencing the outputs. The 
TSTEN and REFCLK inputs join the divider circuitry 
after the initial divide-by-two stage. Therefore, REFCLK 
is divided by two in the divide-by-four mode and di
vided by four in the divide-by-eight mode. 

PIN DESCRIPTIONS 

Input Signals 

TTLREF. TTL. Frequency reference supplied by the 
user that, along with the output tied to the FBCLK 
input, determines the frequency of the FOUTO
FOUT3 outputs. INPSEL is used to select between 
this reference and the PECL reference PECLREFP/N. 

PECLREFP/N. Differential PECL. Frequency refer
ence supplied by the user. Selectable by the INPSEL 
input. 

FBCLK. Feedback clock that, along with the refer
ence clock input, determines the frequency of the 
FOUTO-FOUT3 outputs. One output is selected to 
feed back to this input. (See Table 3.) 

DIVSEL. Controls the divider circuit that follows the 
VCO. When DIVSEL is low, the VCO frequency is 
divided by four. When DIVSEL is high, the VCO fre
quency is divided by eight. (See Tables 1 and 3.) 

PHSELO. This input, along with PHSEL 1, allows se
lection of the phase relationship among the four 
FOUTO-FOUT3 outputs. See Tables 2 and 3 for the 
selection choices. 

10-90 

PHSEL 1. Along with PHSELO, allows selection of the 
phase relationship among the four FOUTO-FOUT3 
outputs. See Tables 2 and 3 for the selection 
choices. 

OUTENO. Active Low. Output enable signal that con
trols which outputs toggle. Controls the frequency 
doubler output (X2FOUT} and the half-frequency out
put (HFOUT}. 

OUTEN1. Active Low. Output enable signal that con
trols which outputs toggle. Controls the 
FOUTO-FOUT3 outputs. 

RESET. Active Low. Initializes internal states for test 
purposes. 

TSTEN. Active High. Allows REFCLK to drive the 
divider phase adjust circuitry, after the first divide-by
two stage. Therefore, REFCLK can be divided by two 
in the divide-by-four mode, and divided by four in the 
divide-by-eight mode, and used to directly sequence 
the outputs. 

INPSEL. Allows user to select between TTLREF and 
PECLREF reference frequencies. When INPSEL is 
High, the PECLREF input is selected. 

Output Signals 

FILTER. A tap between the analog output of the 
phase detector and the VCO input. Allows a simple 
external filter (a single resistor and capacitor} to be 
included in the PLL. 

X2FOUT. Provides a clock signal identical to the 
FOUTO output in the divide-by-four mode and twice 
the FOUTO frequency (maximum of 80 MHz} in the 
divide-by-eight mode. 

FOUTO. Clock output. 

FOUT1. Clock output. 

FOUT2. Clock output. 

FOUT3. Clock output. 

HFOUT. Provides a clock signal in phase with the 
FOUTO output, but at half the FOUTO frequency in 
both the divide-by-four and divide-by-eight modes. 

PECLP/N. Differential PECL output, always one-half 
the VCO frequency. 

LOCK. Goes high when the reference clock and 
FBCLK are within 2-4 ns of each other, demonstrat
ing that the PLL is in lock. 

Applied Micro Circuits Corporation 
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AMCC 
OUTPUT SELECT MATRIX 54405 

Table 3. Output Select Matrix 

Configuration Select Pins Output Fed Output Phase Relationships 
Number to FBCLK 

PHSEL1 PHSELO FOUTO FOUT1 

1 0 0 FOUTO-FOUT3 0 0 

2 0 0 HF OUT 2(0) 2(0) 

3 0 0 X2FOUT1+~ 0/2 0/2 

4 0 1 FOUTO 0 0 

5 0 1 FOUT1 -Q 0 

6 0 1 FOUT2 -20 -Q 

7 0 1 FOUT3 -30 -20 

8 0 1 HFOUT 2(0) 2(0) 
g 0 1 X2FOUT1+~ 0/2 0/2 

10 1 0 FOUTO 0 -t 

11 1 0 FOUT1 I 0 

12 1 0 FOUT2 -I -2t 

13 1 0 FOUT3 -Q -Q-t 

14 1 0 HFOUT 2(0) 

15 1 0 X2FOUT J_+!!l_ 0/2 

16 1 1 FOUTO 0 

17 1 1 FOUT1 -t 

18 1 1 FOUT2 -2t 
1g 1 1 FOUT3 -3t 

20 1 1 HFOUT 2(0) 

21 1 1 X2FOUT (+8) 0/2 

Notes: 
1. "O" implies the output is aligned with the reference clock. 
2. 'T' implies the output lags the reference clock by a minimum phase delay. 
3. "O" implies the output lags the reference clock by go0 of phase. 
4. "-f' implies the output leads the reference clock by a minimum phase delay. 
5. "-0" implies the output leads the reference clock by go0 of phase. 
6. "2( )" implies the output is at twice the frequency of the reference clock. 
7. "/2" implies the output is at half the frequency of the reference clock. 
8. The PECLN/P Differential PECL output is not affected by the PHSEL inputs. 
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AMCC 
S4405 ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 

TTL Supply Voltage vcc (GND = 0) 7.0V 

TTL Input Voltage (GND = 0) 5.5V 

Operating Temperature 0°c to 70°C ambient 

Operating Junction Temperature T J + 130°C 

Storage Temperature -65°C to +150°C 

Recommended Operating Conditions 

Parameter Min Nom Max Units 

TTL Supp!Y_ Voltage (VCC) 4.75 5.0 5.25 v 

Operating Temperature 0 - 70 oc 
(ambient) (ambient) 

Junction Temperature - - 130 oc 

DC Characteristics (ITL VO) 
Symbol Parameter DC Test Conditions Min Typ1 Max 

V1H2 Input HIGH Voltage (TIL) Guaranteed input HIGH voltage for 2.0 
all inputs 

V1L2 Input LOW Voltage (TIL) Guaranteed input LOW voltage for 0.8 
all inputs 

V1K Input clamp diode voltage Vee= Min, l1N = -18mA -0.8 -1.2 

[1oH=·12mA3 2.4 
VoH Output HIGH Voltage Vee= Min 

lloH = -24mA3 2.0 

VOL Output LOW Voltage Vcc=Min I10L=24mA3 0.5 

llH Input HIGH Current Vee= Min, V1N = 2.7V 10 

11 Input HIGH Current at Max Vee= Max, V1N =Vee 1.0 

l1L Input LOW Current . JINPSEL -300 
Vee = Mm, V1N = o.svl 

. Others -50 

ios4 Output short circuit current Vee= Max, Your= ov -25 -100 

ICC Static vcc=Max 95 

leer Total ice (Dynamic and Static) CLQAD = 25pF at 50 MHz 200 

DC Characteristics (PECL VO) 

Symbol Parameter DC Test Conditions Min Typ1 

VIH2 Input HIGH Voltage (PECL) Guaranteed input HIGH voltage Vcc-1145 

for all inputs 

VIL2 Input LOW Voltage (PECL) Guaranteed input LOW voltage Vcc-2000 

for all inputs 

VOH Output HIGH voltage I Load = 50il to V cc -2V 
Vcc-1075 

VOL Output LOW voltage 
Vcc=5.0V 

Vcc-1980 

1. Typical limits are at 25°C, V cc= 5.0V. 
2. These input levels provide zero noise immunny and should only be tested in a static, noise-free environment. 
3. lo..VloL values indicated are for DC test correlation. Actual dynamic currents are significantly higher and are optimized to 

balance rise and fall times. 
4. Maximum test duration one second. 

Units 

v 

v 

v 
v 
v 
v 
µA 

mA 

µA 

µA 

mA 

mA 

mA 

Max Units 

Vcc-600 v 

Vcc-1450 v 

Vcc-650 v 

Vcc-1585 v 
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AMCC 
AC SPECIFICATIONS S4405 

Table 4. AC Specifications 

$44058-66 $44058-80 

Symbol Description Min Max Min Max 

fvco VCO Frequency 160 266 160 320 

fAEF REFCLK Fr~en9'._ 10 66 10 BO 

MPWRFF REFCLK Minimum Pulse Width 5.0 5.0 

tpE Phase Error between TTLREF and FBCLK -1 0 -1 0 

t~ Phase Error between PECLREF and FBCLK -3 -1 -3 -1 

tPEO Phase Error Difference from Part to Part' 0 750 0 750 

~w Ou.!E_ut Skew2J_TTld_ 0 400 0 400 

toe Output Duty_ ~le 45 55 45 55 

fpEq PECLP/N Frequency 80 132 80 160 

Imm FOUT Fr~uen~.[rTld_ 20 66 20 BO 

fliEoUT HFOUT Fniq_uen~3 10 33 10 40 

f2XFOUT 2XFOUT Fr~uen~ 40 66 40 BO 

tps Nominal Phase Shift Increment 3.75 6.25 3.125 6.25 

lom "!:E._d OUTEN0-2 to FOUTS, Disable 2 7 2 7 

foFE "!:E._d OUTEN0-2 to FOUTs, Enable 2 7 2 7 

t1AF l~t Rise/Fall Time 1 3 1 3 

foAF FOUT Rise/Fall Time4 0.5 1.5 0.5 1.5 

lt.ocK Loop Acquisition Time5 . 5 5 

1. Difference in phase error between two parts at the same voltage, temperature and frequency. 
2. Output skew guaranteed tor equal loading at each output. 
3. CLOAD = 35 pF. 
4. With 35 pF output loading (0.8 V to 2.0 V transition). 
5. Depends on loop filter chosen. (Number given is for example filter.) 

Figure 5. Timing Waveforms 
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$4405 PACKAGE INFORMATION 

Figure 6. 54405 44 PLCC Package and Pinout 
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ORDERING INFORMATION 54405 

Ordering Information 

AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: • Device Number 

S4405 B -66 /TD 

L 

Example: 844058--66/D 

• Package Type 
• Speed Option (if applicable) 
• Optional Shipping Configuration 

Optional Shipping Configuration 
Blank = 28 unit tube 
ID= dry pack 
/TD =tape, reel and dry pack 

Speed Option 
-66 = 66 MHz 
-80 = 80 MHz 

Package Option 
B = 44-pin PLCC 

Device Number 

44-pin PLCC package, 66 MHz, dry packed in the standard tube. 

Applied Micro Circuits Corporation 
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DEVICE SPECIFICATION 
AMCC® 

12-0UTPUT BiCMOS PLL CLOCK GENERATOR 54406 

FEATURES 
• Generates outputs from 10 MHz to 66 MHz 
• Four groups of three outputs (12 outputs total) 
• Eight user-selectable output functions for each 

group 
• TTL compatible outputs, with <1.5-ns edge rates 

GENERAL DESCRIPTION 

• Performs clock doubling, dividing, invert, lead/lag 

The S4406 BiCMOS clock generator provides 12 TTL 
outputs with less than 500 ps of skew. Implemented 
in AMCC's 1.0µ BiCMOS technology, the internal 
PLL and divider/delay selector logic allow the user to 
individually tailor the (4) TTL output groups to the 
system's needs. The internal VCO can operate be
tween 160 to 266 MHz, and the programmability al
lows the user to generate output clocks in the 20-66 
MHz range. 

placement 
• Internal VCO running between 160 to 266 MHz 
• 1 .Oµ BiCMOS technology 
• Output skew less than 500 ps 
• 52 PQFP package 

APPLICATIONS 
• High-performance microprocessor systems 
• CMOS ASIC systems 
• Backplane clock deskew and distribution 
• Compatible with Intel's Pentium™ processor 

Figure 1. 54406 Block Diagram 

REFCLK --+-----<.f'PiPHiiiA:siSE~l 
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3 

Analog 

+5V-
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3 

3MS2,1,0 
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The S4406 offers the user the ability to select the 
appropriate phase and frequency relationship for 
each of the four groups of three TTL clock outputs. 

In addition to clock doubling and inversion functions, 
the S4406 allows any output groups to lead or lag the 
others by the minimum phase delay of 3.75-6.25 ns. 

4---------------• FILTER 

DIVIDE 
BY20R4 

DELAY 
GENERATION 

LOGIC 

MODE 
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OFOUTO 

OFOUT 1 

O FOUT2 

1 FOUTO 

1 FOUT1 
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2 FOUTO 

2FOUT1 

2 FOUT2 

3 FOUTO 

3FOUT1 

3FOUT2 
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$4406 FUNCTIONAL DESCRIPTION 

FUNCTIONAL DESCRIPTION 

The 12 xFOUT0-2 outputs are the main TIL output 
clocks that the generator supplies. The mode selec
tion choices are shown in Table 1 and waveform defi
nitions are given in Figure 2. The "x" represents the 
output group number (1-4). The frequency of these 
outputs is determined by the REFCLK clock fre
quency and the output clock that is tied to the FBCLK 
input (xFOUT0-2 can be equal to REFCLK, half of 
REFCLK, or twice the frequency of REFCLK). 

Example: 

In order to meet bus timing specifications for a typical 
system, designers may need three outputs at 66 MHz 
for the system clock and processor, a 33-MHz output 
for the cache controller, and a 33-MHz delayed out
put for a memory management unit. This system re
quirement can be met using the S4406 by setting the 
mode select pins for the first group of outputs 
(OMS2, 1,0) to 111, the second group (1MS2,1,0) to 

Table 1. Mode Selection Options 

xMS2,1,0 MODE DESCRIPTION xFOUT0,1,2 

000 Disabled. Logical Hi 

001 All three outputs at the f-t 

fundamental output freq-

uency, but early by a 

minimum phase delay. 

010 All three outputs at half 1/2 

the fundamental output 

frequency and inverted. 

011 All three outputs at the I 

fundamental output freq-

uency and inverted. 

100 All three outputs at half f/2 + t 

the fundamental output 

frequency, but delayed 

by a minimum phase delay. 

101 All three outputs at the f+t 

fundamental output freq-

uency, but delayed by a 

minimum phase delay. 

110 All three outputs at half f/2 

the fundamental output 

frequency. 

111 All three outputs at the I 

fundamental output 

frequency. 

Note: If f is fed back. the fundamental frequency is equal to REFCLK. 
If 112 is fed back, the fundamental frequency is twice REFCLK. 
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110, and the third group (2MS2, 1,0) to 101. In this 
configuration, one of the 33-MHz outputs should be 
fed back to the FBCLK input. This example makes 
use of only three of the four output banks, leaving the 
fourth available for any other clock signals needed. 

Filter 

FILTER is the analog signal from the phase detector 
going into the VCO. This pin is provided so a simple 
external filter (a single capacitor and resistor) can be 
included in the phase locked loop of the clock gen
erator. See Figure 3. 

Phase Delay 

The minimum phase delay between xFOUT0-2 sig
nals is a function of the VCO frequency. The VCO 
frequency can be determined by multiplying the fun
damental output frequency by four, or half the funda
mental frequency by eight. The minimum phase 
delay is equal to the period of the VCO frequency: t = 
1/(VCO freq). Since the VCO can operate in the 160-
MHz to 266-MHz range, the range of minimum phase 
delay values is 6.25 ns to 3.75 ns (See Table 2). 

Figure 2. Waveform Definitions 

Table 
entry Waveform 

I I I 
REFCLK~ 

I~ 
1/2 Ir., --..., __ _ 

~ I +t II I 
1-t~ 

I~ 

J/2 I I I 
-t 0 I 

J 

Figure 3. External PLL Filter 

A VCCl-4-3------~- A +SV 

.1 µF 

S4406 
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FILTER 1--------~ 
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AMCC 
BOARD LAYOUT 54406 

Test Capabilities 

TESTEN allows the chip to use the REFCLK input 
instead of the VCO output to clock the chip. This is 
used during chip test to allow the counters and con
trol logic to be tested independently of the VCO. In 
addition, when TESTEN is brought High, an internal 
RESET pulse is generated. This initializes the inter
nal counter flip-flops to zeros, and at the end of the 
next clock cycle, the outputs go to a zero state. 
TESTEN can also be used for board testing to allow 
the user to control the output clocks from the S4406 
by inputting the board clock to the REFCLK input. 

Table 2. VCO Operating Frequencies 

vco MIN PHASE 
xFOUT0-2 FREQ DELAY 

66.6 MHz 266MHz 3.750 ns 

50MHz 200MHz 5.000 ns 

40MHz 160MHz 6.250 ns 

33.3 MHz 266MHz 3.750 ns 

25MHz 200MHz 5.000 ns 

20MHz 160MHz 6.250 ns 

The bank containing the output used as feedback 
must be in one of the f/2 modes to ensure the VCO is 
operating within its 160-266 MHz range. 

Power Supply Considerations 

Power for the analog portion of the S4406 chips must 
be isolated from the digital power supplies to mini
mize noise on the analog power supply pins. This 
isolation between the analog and digital power sup
plies can be accomplished with a simple external 
power supply filter (Figure 4). The analog power 
planes are connected to the digital power planes 
through single ferrite beads (FB1 and FB2) or induc-

Figure 4. External Power Supply Filter 

FB1 
ANALOG +5V--r-'YVV'~-, -- DIGITAL +5V 

:;: 0.1µF ..!..1oµF 

FB2 

T Tantalum 
1 (optional) 

ANALOG GND--"--"rV"V"""'--_.._-- DIGITAL GND 
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- --- ~---.----- -- ---

tors capable of handling 25 mA. The recommended 
value for the inductors is in the range from 5 to 
1 OOµH, and depends upon the frequency spectrum of 
the digital power supply noise. 

Decoupling capacitors are also very important to mini
mize noise. The decoupling capacitors must have low 
lead inductance to be effective, so ceramic chip capaci
tors are recommended. Decoupling capacitors should 
be located as close to the power pins as physically 
possible. And the decoupling should be placed on the 
top surface of the board between the part and its con
nections to the power and ground planes. 

BOARD LAYOUT CONSIDERATIONS 

• The 84406 chips are sensitive to noise on the Ana
log +5 V and Filter pins. Care should be taken during 
board layout for optimum results. 

•All decoupling capacitors (C1-C4 = 0.1 µF) should 
be bypassed between VCC and GND, and placed as 
close to the chip as possible (preferably using ce
ramic chip caps) and placed on top of board between 
S4406 and the power and ground plane connections. 

• No dynamic signal lines should pass through or 
beneath the filter circuitry area (enclosed by dashed 
lines in Figure 5) to avoid the possibility of noise due 
to crosstalk. 

• The analog VCC supply can be a filtered digital 
VCC supply as shown below. The ferrite beads or 
inductors, FB1 and F82, should be placed within 
three inches of the chip. 

• The analog VCC plane should be separated from the 
digital VCC and ground planes by at least 1/8 inch. 

Figure 5. Board Layout 

$4406 
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S4406 PIN DESCRIPTIONS 

PIN DESCRIPTIONS 

Input Signals 

REFCLK. Frequency reference supplied by the user 
that, along with the output tied to the FBCLK input, 
determines the frequency of the outputs. Also re
places the VCO output when TSTEN is high (after 
first divide-by-two stage in divider phase control 
logic). See TSTEN. 

FBCLK. Feedback clock that, along with the REFCLK 
input, determines the frequency of the outputs. One 
output is selected to feed back to this input. 

TSTEN. Active High. Allows REFCLK to drive the 
divider phase adjust circuitry, after the first divide-by
two stage. Also, when brought High, generates an 
internal Reset pulse that initializes the internal 
counter flip-flops to zero. 

xMS2, 1,0. Mode selection inputs that allow selection 
of the phase and frequency relationship of each of 
the four banks of three clock outputs. The ''X' repre
sents the output group number (0-3). Refer to Table 
1 for mode selection options. 

10-100 

Output Signals 

FILTER. A tap between the analog output of the 
phase detector and the VCO input. Allows a simple 
external filter (a single resistor and one capacitor) to 
be included in the PLL. 

xFOUT0-2. Clock signal outputs. Refer to Table 1 
and Figure 4 for a description of output options. 

Applied Micro Circuits Corporation 
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ELECTRICAL CHARACTERISTICS/PACKAGING S4406 

Figure 6. 52 PQFP Package 

1 INDICATOR 

E1 E 

l~:~ .,J 
BODY SIZE PLUS 3.2 MM FOOTPRI~ 

DIM TOLJ 
LTR LEADS_ 52 
e TYP 1.00 
B TYP .35 
A MAX 2.45 

~ ±.10 .920 

& ±.10 .920 

& ±.10 2.00 
D ±.25 17.20 A 

C21 ±.10 14.00 
E ±.25 17.20 

~ ±.10 14.00 
L ±.15/.10 .88 

0.17 MAX 

All dimensions in mm. 

DC Characteristics 
Symbol Parameter DC Test Conditions 

V1H2 lnpul HIGH Voltage Guaranteed input HIGH voltage for all inputs 

V1L2 Input LOW Voltage Guaranteed input LOW voltage for all inputs 

V1K Input clamp diode voltage Vee= Min, 11N = -10 mA 

VoH Output HIGH Voltage Vcc=Min 
l10H=-12mA3 

J10H = -24 mA3 

VOL Output LOW Voltage Vee= Min, IOL = 24 mA3 

llH Input HIGH Current V -M' V _ 24v14MS2,3MS2,1,0 
CC- In, IN- . l 

Other 

11 Input HIGH Current at Max Vee= Max, V1N =Vee 

l4MS2,3MS2, 1,0 
llL Input LOW Current Vee= Min, V1N = 0.5Vl 

Other 

ios4 Output short circuit current Vee= Max. vouT = ov 

ice Static Vcc=Max 

ICCT Total Ice (Dynamic and Static) CLOAD = 25 pF at 50 MHz 

1. Typical limits are at 25°C, V cc = 5.0V. 

Min 

2.0 

2.4 

2.0 

-25 

MAX 0.100 
LEAD 
COPlANARITY 

Typ1 Max 

0.8 

-0.8 -1.2 

0.5 

-200 

50 

1.0 

-500 

-50 

-100 

70 

200 

2. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 
3. loHlloL values indicated are for DC test correlation. Actual dynamic currents are significantly higher. 
4. Maximum test duration one second. 
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v 

v 

v 

v 

v 

v 

µA 

µA 

mA 

µA 

µA 

mA 

mA 

mA 
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AMCC 
S4406 AC SPECIFICATIONS 

I 0-102 

Absolute Maximum Ratings 
TTL Supply Voltage VCC (VEE = 0) 7.0V 

TTL Input Voltage (VEE = 0) 5.5V 

Operating Temperature 0°c to 70°C ambient 

Operating Junction Temperature T J + 130°C 

Storage Temperature --£5°C to +150°C 

Recommended Operating Conditions 

Parameter Min Nom Max Units 

TTL Supply Voltage (VCC) 4.75 5.0 5.25 v 
Operating Temperature 0 - 70 oc 

(ambient) (ambient) 

Junction Temperature - - 130 oc 

Table 3. AC Specifications 

Symbol Description Min Max Units 

fvco VCO Frequency 160 266 MHz 

fREF REFCLK Frequency 10 66 MHz 

t1RF Input Rise/Fall Time 1 3 ns 

MPWREF REFCLK Minimum Pulse Width 5.0 ns 

tpE Phase Error between REFCLK and FBCLK -1.0 0 ns 

tpEO Phase Error Difference from Part to Part' 0 750 ps 

ts KEW Output Skew" across all outputs 0 500 ps 

tsKEWA Output Skew" within any bank 0 250 ps 

toe Output Duty Cycle3 45 55 % 

fFOUT FOUT Frequency4 10 66 MHz 

tps Nominal Phase Shift lncrement5 3.75 6.25 ns 

t1 Clock Stability" 500 ps 

to RF FOUT Rise/Fall Time7 0.5 1.5 ns 

tLOcK Loop Acquisition Time• 5 ms 

lpsv Phase Shift Variation5 -250 +250 ps 

1. Difference in phase error between two parts at the same voltage, temperature and frequency. 
2. Output skew guaranteed for equal loading at each output. 
3. Outputs loaded with 35 pF, measured at 1.5 V. 
4. CLOAD = 35 pF. 
5. All phase shift increments and variation are measured relative to OFOUTO at 1.5 V. 
6. Clock period jitter with all FOUT outputs operating at 66MHz loaded with 25 pF using loop filter 

shown. Parameter guaranteed, but not tested. 
7. With 35 pF output loading (0.8 V to 2.0 V transition). 
8. Depends on loop filter chosen. (Number given is for example filter.) 

Figure 7. Timing Waveforms 
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PINOUT/ORDERING INFORMATION S4406 

Figure 8. 54406 Pinout 

DGND 

DGND 

REFCLK 

FBCLK 
OMSO 

OMS1 

OMS2 
NC 

D+5V 
OFOUTO 

OFOUT1 

OFOUT2 
DGND 27 

14 151617181920 21222324 25 26 
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NC 

D+5V 
1FOUTO 

1FOUT1 
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Ordering Information 

AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: • Device Number 

S4406 Q -66 rrD 

L 

Example: S4406Q--e6/D 

• Package Type 
• Speed Option (if applicable) 
• Optional Shipping Configuration 

Optional Shipping Configuration 
Blank= 84-unit matrix tray 
ID= dry pack 
rrD =tape, reel and dry pack 

Speed Option 
-66=66MHz 

Package Option 
Q = 52-pin Plastic Quad Flat Pack (POFP) 

Device Number 

52-pin PQFP package, 66 MHz, shipped dry packed in the standard matrix tray. 
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DEVICE SPECIFICATION 
AMCC® 

BiCMOS CLOCK SYNTHESIZER S4503 

FEATURES 
• Multiplies input reference frequency by 

integers 2-32 
• Digitally programmable output clock 

frequencies from 10 MHz to 300 MHz 
• Two (2) groups of independent clock outputs 

- One group consists of differential 
PECL outputs 

- One group is a pair of TTL outputs 
• Proprietary TTL output drivers with: 

- Complementary 24 mA peak 
outputs, source and sink 

- Source series termination 
Edge rates less than 1 .5 ns 

• Low 250 ps reference typ clock jitter 
(PECL outputs), 400 ps max 

• 1.1 mW or less power dissipation, frequency 
and load dependent 

• 150 MHz to 300 MHz phase-locked loop VCO 
frequency range 

• Advanced BiCMOS process technology 
• Space saving 28 PLCC package 

Figure 1. Logic Diagram 

XTAUN 

vcc 0-
GND 0-
VCCA0-
GNDA0--

R 
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GENERAL DESCRIPTION 

The S4503 is a clock synthesizer which utilizes 
phase-locked loop technology to provide two (2) in
dependently selectable output frequencies in the 1 o 
MHz to 300 MHz range. A reference input may be 
provided by either a low cost crystal or a TTL fre
quency source. 

The first of the two (2) output frequency groups con
sists of a pair of differential PECL (Positive refer
enced ECL) outputs which will operate up to 300 
MHz. The second group (TTL) consist of two outputs 
with selectable frequency, up to 80 MHz. 

The final frequency for each group is digitally se
lected via three programmable counters. One 
counter is used to set the internal VCO frequency 
between 150 MHz to 300 MHz, and the others are 
used to divide the VCO frequency from 2 thru 16 
(TTL) and 1, 2 or 4 (PECL). 

All phase-locked loop elements are provided on chip 
with the exception of the passive components 
needed for the loop filter function and VCO. 

VCCA 
RF-CENTER 

i----.-----t P COUNTER 1------1 
(0, 1,2,4) 

TOUT1 

TOUT1A 
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AMCC 
S4503 CLOCK SYNTHESIZER 

Absolute Maximum Ratings Capacitance (package) 

Storage Temperature ....................... -55°C to +150°C Input Pins ......................................................... 5.0 pF 
Vee Potential to Ground ..................... -0.5V to +7.0V TTL Output Pins ............................................... 5.0 pF 
Input Voltage ........................................ -0.5V to +Vee PECL Output Pins ............................................ 5.0 pF 
Static Discharge Voltage ............................... > 1750V 
Maximum Junction Temperature ................... +130°C 
Latch-up Current .......................................... >200 mA 
Operating ambient temperature ............ 0°C to +70°C 

AC Characteristics 
Vee= +5.0V ± 5%, Ta= 0°C to +70°C 

Symbol Description Conditions MIN MAX Units 

Fvco VCO Frequency 150 300 MHz 

FxTL XTL Frequency, Fundamental XTLIN to XTLOUT 5 25 MHz 

FTTL TTL Input Frequency Standard TTL Levels 5 80 MHz 

Pout PECL Out Frequency 37 300 MHz 

TouTn TTL Out Frequency SeeNote4 9 80 MHz 

TsKEWT-T TTL to TTL Output Skew TTL Leading Edges at + 1.5V 250 ps 

TsvM-T T ourSymmetry Measured at 1.5V ±1.5 ns 

TsvM-P PECL Out Symmetry Measured at differential crossing points ±250 ps 

TJ PECL Clock Jitter, pk to pk 400 ps 

Notes: 
1. Max cycle to cycle jitter. 
2. Output symmetry is the deviation from a 50% duty cycle. 
3. All AC parameters are tested or guaranteed by characterization. 
4. VCO frequency is limited to a maximum of 250 MHz when TTL outputs are used. 
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AMCC 
S4503 CLOCK SYNTHESIZER 

Electrical Characteristics 
Vee= +5.0V ± 5%, Ta= 0°c to +70°C 

Symbol Parameter Conditions Min Max Units 

V0H(PECL) Output HIGH Voltage, ECL 50 Ohms to V cc-2V V cc1075 Vcc-650 mV 

Vol (PECL) Output LOW Voltage, ECL 50 Ohms to V cc-2V Vcc·19BO Vcc·15B5 mV 

v0H(TTL) Output HIGH Voltage FOUT = BO MHz max, CL= 10pF 2.4 v 

Vol (TTL) Output LOW Voltage, TTL FouT =BO MHz max, CL= 10pF 0.6 v 

VIH (TTL) Input (TTL) HIGH Voltage All TTL Inputs 2.0 v v 

Ill (TTL) Input (TTL) LOW Voltage All TTL Inputs -0.5 O.B v 

loH(PECL) Output HIGH Current 50 Ohms to V cc·2.0 25 mA 

loL(PECL) Output LOW Current 50 Ohms to V cc·2.0 B mA 

llH (TTL) Input HIGH Current V;n =Vee 200 uA 

11L (TTL) Input LOW Current Vin ,,O.B 50 uA 

loHS' Output HIGH Short Current Output High, V ourOV, Typical -55 mA 

1olS' Output LOW Peak Current Output Low, V our V cc, Typical 55 mA 

1cc Supply Current TTL Outputs to 20 pF @ 50 MHz 210 mA 

POWER Power Dissipation TTL Outputs to 20 pF @ 50 MHz 1.1 w 

1. Maximum test duration one second. 
2. All DC parameters are tested or guaranteed by characterization. 

The S4503 TTL outputs feature source series termination of approximately 40 Ohms to assist in matching 50-75 
ohm P.C. board environments. 

DC Characteristics 

The S4503 has been designed specifically for clock distribution. In the development of this product, AMCC has 
made several modifications to the historic "high drive, totem pole outputs" producing AMCC's dynamically 
adjusting source series terminated outputs. As a result of this, the S4503 will dynamically source and sink a 
symmetrical 24 mA of current. In a DC state, it exhibits the following specifications: 

Conditions Min Max 

VoH loH =-B mA 2.4V 

Vol loL=4mA 0.6V 
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AMCC 
S4503 CLOCK SYNTHESIZER 

DESCRIPTION OF OPERATION (Refer to 
Logic Diagram) 

The 54503 synthesizer employs a phase locked loop 
(PLL) which includes a "multiplying" counter to produce 
a high frequency internal reference oscillator from a 
low cost, low frequency crystal. This high frequency 
internal reference is the output of a votage controlled 
oscillator or VCO. This single VCO frequency is sub 
divided down to selectable TTL output frequencies. 
One positive (+5V) referenced complementary ECL 
(PECL) output (Pout) pair is also provided. 

The M counter is a frequency "multiplying" feedback 
counter that divides down the VCO frequency, be
fore applying it to the phase detector. Thus the VCO 
frequency is the product of the input reference (crys
tal) frequency and the M counter modulus. This di
vide down counter modulus is externally selected to 
any integer value from 2 to 32 by a five bit binary 
coded value, plus 1, entered into input latches via 
the preset input pins MO through M4. The MO to M4 
inputs have the binary weight of M0=2o through 
M4=24. The M0-4 inputs are low or O if not con
nected. NOTE: an entry of all binary zeros will not 
count down and is, therefore, invalid. Designs that 
will load the M counter inputs from an external regis
ter that powers-up with the outputs in a hi-Z state will 
need to use external resistors to ensure the 54503 
M counter inputs are never all zeros. 

The output frequency divide down counters "P & T' 
each have individual select input pins which may be 
actively driven by CM05fTTL outputs or strapped to 
+Vee (as a 1) or non-connected as appropriate. Non
connected inputs are biased low or 0. When the bi
nary coded value of zero is entered into these 
counter preselect inputs, their outputs are disabled, 
thereby saving AC output power. Note that the input 
frequency to the T counter (VCO frequency) is lim
ited to 250 MHz. P counter will operate up to 300 
Mhz. Output symmetry is very close to 50% duty 
cycle with both odd and even division modulus due 
to an odd division correction employed at the 
counter's output. Refer to the counter preset tables 
for the binary coded preselect input values to divi
sion modulus. 
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The TTL output drivers of the T counter are source 
series terminated by internal resistors of -40 Ohms 
to avoid the need for external termination. This se
ries termination was choosen to match 50 to 75 Ohm 
transmission line traces into end of line load capaci
tance of -20 pF. Refer also to the AMCC Clock 
Driver Application Note #1. The complementary 
PECL output emitter followers can source 25 mA 
from +Vee and should be externally terminated at the 
end of the transmission line into an equivalent 50 
Ohm resistance to +Vee - 2V. 

The analog VCO circuitry requires some external 
passive loop filter components mounted very close 
to the required 54503 package pins. A VCO fre
quency centering resistor, RFcenter, is connected 
between KVCO and +VCCA, the analog +5V. A fre
quency span resistor, Rspan, is connected between 
pins REXT1 and REXT2. A loop filter series resistor
capacitor pair, RCOMP & CCOMP is connected be
tween pin Comp and analog ground GNDA. Note 
that the analog ground (GNDA) and +5V (+VCCA) 
are to be isolated (decoupled) from the noisier digital 
and output power leads VCC and GND. 

The input to the XT AUN pin will be a series resonant 
crystal of fundamental frequency from 5 to 25 Mhz. 
The external addition of series or shunt capacitance 
to "pull" the frequency is up to the user's discretion. 
An external series resistor may be required to limit 
the drive current from the XT ALOUT pin with low 
E5R crystals. 

When the XTALIN pin is driven by an external TTL 
clock source, the XTALOUT pin is not connected and 
the peak TTL amplitude should not exceed 3 volts. 
TTL output signals should be in the range of 5-80 MHz. 

S450~ 21 GNDA System GND 
20 System VCC 

VCCA 

Applied Micro Circuits Corporation 
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BOARD LAYOUT CONSIDERATIONS 

To minimize the impact of board noise on the opera
tion of the 84503, the following guidelines should be 
followed. 

• The analog VCCA and GNDA need to be iso
lated from the digital supplies. This can be accom
plished by creating small analog power and ground 
planes next to the 84503 under the filter and VCO 
components. These analog planes can be connected 
to the digital planes through wire jumpers, small in
ductors (5-100 uH), or ferrite beads. If the digital 
supply noise is too large (>100mV), the inductors or 
ferrite beads will be necessary. 

• Decoupling capacitors of 0.1 and 0.01 uF are 
needed. Three pairs should be placed as close to 
the 84503 power and ground pins as possible. One 
pair should be used to decouple the analog VCC and 
GND, while the others are for the digital supplies. 
The Vtt supply will also need to be decoupled using 
0.1 and 0.01 uF capacitors. These components 
should be surface mounted chip capacitors, to re
duce the parasitic inductance. 

• No dynamic signal lines should pass through or 
beneath the filter circuitry area, to avoid the possibility 
of noise due to crosstalk. 

• The crystal oscillator will need to have a 2 M 
ohm shunt resistor connected between the terminals 
of the external crystal, and two 20 pF capacitors 
connected from each pin of the crystal to VCC (or 
GND). These components are necessary to ensure 
the oscillator will operate at the correct frequency. 

• The loop filter and VCO components must be sur
face mounted to reduce the parasitic inductance, and 
the components are connected to the analog power 
and ground planes, rather than the digital planes. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

120pF 

2MQ 
0 CRYSTAL 

$4503 

i 20pF 

FILTER AND VCO COMPONENT 
SELECTION 

The 84503 is designed to operate over a wide range 
of VCO frequencies. Because of this, it is necessary 
to modify the values of Rspan and Rfcenter in order 
to get the best performance at a given frequency. 

When operating the 84503 with the VCO in the 150-
225 MHz region, the values for the VCO components 
are: 

Rspan = 470 Ohms, Rfcenter = 390 Ohms 

When operation the 84503 with the VCO in to 225-
300 Mhz, the values for the VCO components are: 

Rspan = 390 Ohms, Rfcenter = 820 Ohms 

The loop filter components, Rcomp and Ccomp, do 
not change values at different frequencies. The cor
rect values for these components are: 

Rcomp = 2. 7K Ohms, Ccomp = 0. 1 uF 

All of the resistor values are 5% and 1/8 watt. 

10-109 

II 



AMCC 
S4503 CLOCK SYNTHESIZER 

Power Management 

The overall goal of managing the power dissipated by the S4503 is to limit its junction (die) temperature to 130°C. A 
major component of the power dissipated internally by the S4503 is determined by the load that each TTL output 
drives and the frequency that each output is running. The following table summarizes these dependencies. 

FREQUENCY CLoAo=5pF CLOAo=10pF CLOAD :15pF G.oAD =25pF CLOAD =40pF NO LOAD 

BO MHz 42mW 51 mW 61 mW 88mW 132mW 18mW 

66MHz 38mW 47mW 55mW 75mW 110mW 16mW 

50MHz 28mW 33mW 39mW 60mW 85mW 14mW 

40MHz 25mW 30mW 36mW 52mW 70mW 13mW 

33MHz 19mW 22mW 24mW 46mW 65mW 12mW 

25MHz 16mW 18mW 20mW 32mW 60mW 11 mW 

20MHz 14mW 16mW 18mW 24mW 44mW 10mW 

The above output power must then be added to the core power (700 mW) of the S4503 to determine the total power 
being dissipated by the S4503. This total power is then multiplied by the S4503's thermal resistance, with the result 
being added to the ambient temperature to determine the junction temperature of the S4503. For greatest reliability 
this junction temperature should not exceed 130°C. The thermal resistance for the S4503 soldered to a multi-layer 
PCB is as follows: 

Still Air 100 Lin Ft/Min 200 Lin Ft/Min 

l Thermal Resistance 5o·ctwatt 45°C/Watt 4o·ctwatt 

Designing the 54503 for "Real Loads" 

The S4503 is designed to provide clean clock transitions when presented with a realistic load. The assumptions 
are that the S4503 will be driving a selected length(s) of 70 Ohm (Zo) P.C. board trace terminated by a small 
number of end of line clustered TTL or CMOS input receiver pins. This end of line capacitive loading can cause 
overall impedance to drop to under 60 Ohms. Therefore, to a first approximation, this clock output driver will 
cleanly drive P.C. line lengths of 6" to 12" with capacitive loads ranging up to 20 pF at frequencies up to 80 MHz. 
Higher capacitive loads (greater than 25 pF) at high frequencies (greater than 50 MHz) may require the like 
output drivers to be strapped in parallel. 

Within this general circuit model, AMCC has developed the Evaluation Circuit presented on the following page. 
This is a mid-point model and can be modified to reflect a specific end use. More details concerning this are 
presented in the Application Note. 
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Evaluation Circuit 

TOUT 
10 10 10 10 10 10 

S4503 

Crystal C1oad 
5 2.0 2.0 2.0 2.0 2.0 2.0 10 

-6 INCHES of 70 OHM P.C.B. ~1 

NOTES: All inductance is in nH. Capacitance is in pF 
At frequencies above 50 MHz, a single point destination is recommended 

54503 M- Counter Division Table 
MO M1 M2 M3 M4 MODULUS MO M1 M2 M3 M4 MODULUS 

0 0 0 0 0 INVALID 0 0 0 0 1 17 

1 0 0 0 0 2 1 0 0 0 1 18 

0 1 0 0 0 3 0 1 0 0 1 19 

1 1 0 0 0 4 1 1 0 0 1 20 

0 0 1 0 0 5 0 0 1 0 1 21 

1 0 1 0 0 6 1 0 1 0 1 22 

0 1 1 0 0 7 0 1 1 0 1 23 

1 1 1 0 0 8 1 1 1 0 1 24 

0 0 0 1 0 9 0 0 0 1 1 25 

1 0 0 1 0 10 1 0 0 1 1 26 

0 1 0 1 0 11 0 1 0 1 1 27 

1 1 0 1 0 12 1 1 0 1 1 28 

0 0 1 1 0 13 0 0 1 1 1 29 

1 0 1 1 0 14 

0 1 1 1 0 15 

1 1 1 1 0 16 

1 0 1 1 1 30 

0 1 1 1 1 31 

1 1 1 1 1 32 • [Where: M(0:4) + 1 =MODULUS and MO and MO= 20, M1=21, M2 =22, M3 = 23, M4 = 24] 

Applied Micro Circuits Corporation 
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54503 Output Counter Division Table 
PO P1 P-MODULUS 

0 0 DISABLED 

1 0 1 

0 1 2 

1 1 4 

TO T1 T2 T3 T-1 MODULUS 

0 0 0 0 DISABLED 

1 0 0 0 2 

0 1 0 0 3 

1 1 0 0 4 

0 0 1 0 5 

1 0 1 0 6 

0 1 1 0 7 

1 1 1 0 8 

0 0 0 1 9 

1 0 0 1 10 

0 1 0 1 11 

1 1 0 1 12 

0 0 1 1 13 

1 0 1 1 14 

0 1 1 1 15 

1 1 1 1 16 

VCO frequency is limited to a maximum of 250 MHz 
when TTL outputs are used. 

Where T1 (0:3) + 1 = MODULUS and 

T0=20 

T1=21 

T2=22 

T3=23 

Applied Micro Circuits Corporation 
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T1 

P1 

D 

D 

12 

XTALIN 

M4 

KVCO 

REXT2 

18 

All dimensions nominal in inches. 

Applied Micro Ci · C 619 5 Lusk Bl rem ts . orporation 
vd., San Diego, CA 92121 • (619) 450-9333 

ISYM 
Al 
8 
82 
c 
D 
01 
e 
e2 

e 

AMCC 

MIN MAX 
.147 .157 
.013 .021 
.026 .032 
.007 .013 
.487 .497 
.444 .459 
.048 .052 
.410 .430 -I -

• 

10-113 



AMCC 
S4503 CLOCK SYNTHESIZER 

10-114 

Ordering Information 

AMCC clock driver products are available in several output skew and shipping configurations. 
The order number is formed by a combination of: • Device Number 

S4503 A /TD 

L 

Example: S4503A/D 

• Package Type 
• Optional Shipping Configuration 

Optional Shipping Configuration 
Blank = 28 unit tube 
ID= dry pack 
/TD= tape, reel and dry pack 

Package Option 
S = 28-pin PLCC 

Device Number 

28-pin PLCC package, shipped dry packed in the standard tube. 

Applied Micro Circuits Corporation 
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PRELIMINARY 
DEVICE SPECIFICATION 

AMCC® 
RAMBUS™ COMPATIBLE CLOCK GENERATORS S4505/06/07 

FEATURES 
• Provides two Rambus compatible clock outputs 

from 240 to 310 MHz 
• Uses low cost 14.318 MHz crystal as reference 

for 250 MHz output 
• Low Jitter, <100 ps 
• Output skew <50ps 
• 45/55% duty cycle 
• On-chip filter requires no external components 
• Eight-pin, .150" SOIC 
• Operates from a single 3.3V ±10% supply 
• Series resonant input crystal requires no 

external components 

APPLICATIONS-RDRAM BASED 
• Graphics Accelerators 
• PC Memory 
• Set-Top Boxes 
• Games 

Figure 1. Block Diagram 

XTALO 

XTAL1 

OE 

VDD 

GND 

Applied Micro Circuits Corporation 

Ref 
Feedback 

6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

DESCRIPTION 

AMCC's advanced PLL technology allows the S4505 
to provide two Rambus-compatible, 250, 267, or 300 
MHz clocks from a low cost 14.318 MHz crystal. 
Other reference crystals can be used to produce 
other output frequencies within the 240-310 MHz 
range. An external series resistor allows the output 
to be matched to the Rambus transmission line im
pedance needed for each application. 

AMCC utilizes its high speed, low-jitter PLL technol
ogy developed for telecom and precision clocking 
applications to provide outputs which meet the low 
jitter and symmetrical duty cycle requirements of 
RAMBUS system clocks. 

Phase Detector 
Active Filter 240-310 MHz 

andVCO Output A 

N 
Divider 

240-310 MHz 
Output B 
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Absolute Maximum Ratings 

Parameter Description Value Unit 

Voo Power supply vs. GND -0.5 to +5.0 v 
V1N Input voltage, and pin vs. GND -0.5 to Voo +0.5 v 

Storage Temp. Maximum temperature during storage 170° ·c 
Note: Stresses greater than the absolute maximum ratings may cause permanent damage to the device. Functional operation of the 

device at these or any other conditions above those Indicated under the normal operating conditions is not guaranteed. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

DC Specifications (TA = o·c- 70"C, Voo = 3.3 ± 0.3V) 

Parameter Description Conditions 

V1H Input HIGH voltage OE Pin 

V1L Input LOW voltage OE Pin 

l1H Input HIGH current OE Pin 

l1L Input LOW current OE Pin - Internal pull-up 

Po Power Dissipation Dynamic 

Output Characteristics 
All specifications are compatible with Rambus requirements. 

Symbol Description Comments Min 

Zo Line impedance Rambus compatible 25 

Vs Output voltage swing Rambus compatible 1.2 

VACO Output Asymmetry Rambus compatible -15 

AC Specifications (Operating Conditions: TA= o·c - 70°C, Voo = 3.3V ± 0.3V) 
All specifications are compatible with Rambus requirements. 

Symbol Description· Test Condition Min 

FXTAL Crystal frequency 12.86 

FouT Output frequency,S4505 Typ with 14.318 MHz input1 . 240 

FouT Output frequency,S4506 Typ with 14.318 MHz input1 240 

FouT Output frequency,S4507 Typ with 14.318 MHz input1 240 
TA,TF Output clock rise/fall time 20% to 80% 0.2 
Toe Duty cycle STD Rambus System Load 45 

TJpp Jitter, peak-to-peak 

Tpu Power-up time From OFF to clocks stable 

TsKEW Output A to B skew Equal loads 

Min Max Unit 

2.0 v 
0.8 v 
50 uA 

300 uA 

440 mW 

Typ Max Unit 

50 g 

1.6 v 
+15 % 

Typ Max Unit 
14.318 14.46 MHz 

267 310 MHz 
250 310 MHz 
300 310 MHz 

0.5 ns 
50 55 o/o 

40 100 ps 
10 ms 

20 50 ps 
1. Output frequency multiplier is 35/2 times the input crystal frequency on the S4506, 56/3 times the Input crystal frequency on the S4505, 
and 21 times the Input crystal frequency on the 84507. 
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Figure 2. 8-pin SOIC 

.005 
:1::.002 

I .194 I 
I m :1::.

003 m I 

Pin#I 

.068 
:1::.002 

.050 BSC 
.008 

:1::.001 

,041 BSC r- .013 :1::.003 

S4505/06/07 Pinout - 8-Pin SOIC 

OE 

XTAL1 

XTALO 

GND 

2 

3 

4 

8 

7 

6 

5 

Voo 
OUTPUTS 

GND 

OUTPUT A 

Pin Descriptions 

Pin# Description 

1 Output enable, Active HIGH, Internal pull-up 

2 Crystal connection - Series Resonant 

3 Crystal connection - Series Resonant 

4,6 Ground 

5, 7 Output A, B- 240-310 MHz clock outputs, 
open drain - should be terminated 
externally to match Rambus specifications 

8 Power - 3.3V ± 10% 

Applied Micro Circuirs Corporation 
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Ordering Information 

AMCC products are available in several shipping configurations. 
The order number is formed by a combination of: • Device Number 

s /TD 

L 

Example: 845068/D 

• Package Type 
• Optional Shipping Configuration 

Optional Shipping Configuration 
Blank = 92-unit tube (for 8-pin 801C) 
/D =dry pack 
/TD =tape, reel and dry pack 

Package Option 
S = 8-pin 801C 

Device Number 

8-pin SOIC package, shipped dry packed in tubes. 

Applied Micro Circuits Corporation 
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' PLL CLOCK GENERATOR APPLICATION NOTE 

INTRODUCTION 

As today's personal computers (PC) and systems 
push into the 50Mhz realm and beyond, the minimi
zation of system clock skew becomes more impor
tant. Clock skew eats into the effective clock period 
that is available to perform other tasks. Using ge
neric driver chips and careful board layout, current 
systems can achieve about 4ns of system clock 
skew. A 4ns clock skew at 25Mhz is 10% of the 
clock period, while at 66Mhz this same 4ns skew 
eats up 26% of the system clock period. At 50Mhz 
and higher, the allowable clock skew is approxi
mately 2ns-3ns. Clearly this requires a new method 
of clock generation and distribution. 

The key to the reduction of clock skew lies in the 
development of PLL clock generators, low skew 
clock drivers, and understanding how to distribute 
and route the clock signals. 

The S4402/S4403 use AMCC's 1.0 micron BiCMOS 
technology to generate 10-80Mhz multiphase TTL 
clocks with less than +/-200ps of skew. The S4402 
offers 6 output drivers, four at the primary output 
frequency, one at two times the primary frequency, 
and one at half the primary frequency. The S4403 
offers 1 0 output drivers: four pairs at the primary 

Figure 1. Phase-Locked Loop of 54402103 

84402/03 Boundary 

output frequency, one at twice the primary fre
quency, and one at half the primary frequency. 

The phase relationships between the outputs are 
programmable. Four different output configurations 
are available to provide synchronous outputs, 
quadrature phase delay outputs, minimum phase de
lay outputs, and a mixture of minimum and quadra
ture phase delay outputs. 

The times-two output and the half frequency output, 
allow the S4402/03 to multiply and divide the refer
ence clock input for distribution to the system clock 
loads. This feature is very useful to eliminate the 
EMI problems of distributing high frequency clocks 
across the entire system. 

PLL CLOCK GENERATOR OVERVIEW 

The basic concepts of phase-locked loops are fairly 
simple. The diagram in Figure 1 shows the funda
mental blocks of the S4402/03 PLL. The task of the 
PLL is to minimize the frequency and phase differ
ences between the reference clock input (REFCLK) 
and the feedback clock input (FBCLK). In this case, 
the PLL clock generator can be considered a "zero 
delay" clock buffer. 

L 
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I 
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I 
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The Phase Frequency Detector (PFD) compares the 
reference and feedback clocks and provides a signal 
to the Charge Pump (CP) that tells the charge pump 
to increase or decrease the voltage into the Voltage 
Controlled Oscillator (VCO). This in turn increases or 
decreases the oscillator frequency, thereby changing 
the frequency or phase of the feedback clock. 

The CP converts the digital signals from the PFD 
into a change in voltage at the external filter pin. This 
change in voltage is supplied to the VCO input. The 
CP can provide very small changes in the VCO con
trol voltage that will modify the phase of the VCO 
output, or it can provide larger changes in the control 
voltage to change the VCO frequency. 

The VCO simply responds to the control voltage at 
its input and generates an output clock frequency 
which is proportional to the voltage at its input. This 
high frequency clock signal goes into the internal 
logic of the 84402/03 and is divided by four, eight, or 
sixteen before appearing at the various chip outputs. 

By selecting one of the 84402/03 outputs as the 
feedback clock, the loop is closed, and the internal 
PLL will try to make the rising edge of the output 
connected to the feedback input line up with the ris
ing edge of the reference clock input. Due to the 
closed loop nature of this action, delays between the 
reference clock output and the subsequent arrival of 
the feedback clock input can occur without causing 
the chip to lose lock. Therefore, an external buffer 
can be introduced into the loop, and an output from 
the buffer fed back to the feedback input. This pro
vides a simple means of increasing the output drive 
capability of the 84402. Another option is to intro
duce an external counter into the loop, and connect 
an output from the counter into the feedback input. 
This allows the 84402/03 to accept a lower refer
ence clock frequency. 

The two most important specifications for PLL clock 
generators are phase error and output skew. 

Phase error is defined as the delay between the ref
erence input and the feedback input when the chip is 
locked. When an output is used to drive the feed
back input, the phase error can also be specified as 
a propagation delay. The 84402/03 clock generators 
have a maximum phase error (across all tempera
tures, supply voltages, and frequencies) of 1.0ns. On 
a given chip there will be less than 1.0ns of delay 
between the REFCLK input and the FBCLK input. 
Furthermore, at a given frequency, temperature, and 
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supply voltage, the maximum variation in phase error 
across all parts is less than 750ps. Plus, at a given 
frequency, the maximum variation in phase error 
across all parts, is less than 1 .25ns, over any tem
perature and supply voltage difference. These are 
important specifications in determining total system 
clock skew. 

Output skew is defined as the delay between syn
chronous outputs. The 84402/03 clock generators 
have a maximum output skew of +/- 200ps. This 
means that with equal loading, all the rising outputs 
will switch within 400ps of each other. 

CLOCK DISTRIBUTION ON A BOARD 

The first few system clock skew examples are based 
upon the idea that all the clock loads are located 
within a single board. 

The simplest configurations are that of a single 
84402/03 or of multiple 84402/03s in parallel being 
driven from a single reference source. In Figure 2 
the clock generators C1 and C2 are driven from the 
same crystal oscillator output. The clock skew asso
ciated with a single clock generator, such as C1 by 
itself, is simply the output skew specification of 
400ps (+/- 200ps max). 

Figure 2. Clock Distribution on a Board 

$4402/03 

REFCLK 

[ FBCLK 
C1 

FOUTO 
6-20 Outputs 

54402/03 

~ AEFCLK 

~ FBCLK 
C2 

FOUTO 

In the case where the output from the crystal oscilla
tor drives no additional chips on the board, except 
the clock generators, the total clock skew across all 
the 84402/03s can be calculated as: 

Applied Micro Circuits Corporation 
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Figure 3. Clock Distribution on a Board: 54402 with an SC3506 

Total skew 

Total skew 

where, 

Tpev 

Tskew 

Tpev + Tskew 
750ps + 400ps 
1.150ns (max.) 

the maximum variation in 
phase error across all parts at a 
given frequency, temperature 
and supply voltage. 

the maximum output skew on 
any part. 

In this first example, the total clock skew across C1 
and C2 depends upon the phase error and the out
put skew of each chip. Rather than use the total 
range of phase error for all possible frequencies, 

Figure 4. Clock Distribution Between Boards 

1- - - - - -S4°402/03- - 1 
I I 

I 

I 

REFCLK 

FBCLK 
C1 

1L Motherboard : 
-----------

temperatures, and supply voltages, this configuration 
allows the use of the chip to chip variation in phase 
error. This is possible because the clock generators 
will be placed close to the crystal oscillator, and 
therefore experience the same temperature and 
power supply environment. 

The second example, in Figure 3, shows the use of 
an S4402 clock generator to multiply the 33Mhz 
crystal oscillator output up to 66Mhz before applying 
it to the input of the SC3506 clock driver. This is 
accomplished by feeding back one of the 
divide-by-two outputs of the SC3506 to the FBCLK 
input of the 54402/03. This configuration allows the 
use of a slower crystal oscillator to generate 10 out
puts at 66Mhz and 1 0 outputs at 33Mhz. 

I- - - - - - - -Module or Board 
$4402/03 

~1----->1REFCLK 

FBCLK 
C2 

FOUTO 

1_ - - - - - - - - - - -

~---REFCLK 

Backplane 

FBCLK 
C3 

FOUTO 
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Because the output of the 8C3506 is fed back to the 
FBCLK input of the 84402, the delay through the 
8C3506 is not important in the calculation of the total 
output clock skew. The total output clock skew is 
determined solely by the output skew specification of 
the 8C3506, and is therefore, less than 500ps 
(max.) for the 8C3506-1. 

CLOCK DISTRIBUTION BETWEEN 
BOARDS 

Most systems do not consist of a single board con
taining all the computing, memory, 1/0, and display 
functions. A typical system configuration would likely 
have a central board that ties the system together 
{the motherboard), and a series of additional mod
ules or expansion boards, that allow the user to up
date and upgrade the system. 

Ideally, the master clock needs to be distributed to 
the synchronous logic on the motherboard, and each 
of the expansion boards, with no skew. 

Figure 4 shows a configuration using an 84402/03 to 
distribute the master clock to the motherboard and 
the expansion boards. On each board or module, the 
master clock copy is received by another 84402/03, 
and distributed to the rest of the board. 

The maximum clock skew between the motherboard 
clocks (outputs of C1) and the module clocks (out
puts of C2 and C3) can be calculated as: 

C1-to-C2 skew 

C1-to-C2 skew 

where, 

Tpemax(C2) 

Tskew(C1 or C2) 
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Tskew(C1) 
+ Tpemax(C2) 
+ Tskew(C2) 

400ps 
+ 1.0ns 
+ 400ps 

1.BOns (max.), 

the maximum absolute 
value of phase error for 
C2. 

the maximum output 
skew for each chip. 

The total system skew will be determined by the 
maximum skew across all the modules. This total 
system skew can be calculated, using the results of 
the C1-to-C2 skew calculation, as: 

Total skew 

C1-to-C3skew 

C1-to-C3skew 

Total skew 

Total skew 

where, 

Tpevf 

Tpevfmin(C3) 

C1-to-C2skew(max.) 
- C1-to-C3skew(max.) 

1.BOns 
- C1-to-C3skew(max.) 

Tpevfmin(C3) 
+ Tskew(C3) 

[Tpemax(C3) - Tpevf] 
+ Tskew(C3) 

[1.0ns - 1.25ns] 
+ -400ps 

-650ps (max.) 

1.BOns - [-650ps] 

2.45ns (max.) 

the maximum chip to chip 
variation in phase error at a 
given frequency, across all 
temperatures and supply 
voltages. 

the most negative phase 
error of C3 versus C2, 
based upon a Tpevf 
variation between C2 and 
C3. 

In this calculation, the objective is to determine the 
widest variation in output skew between the C2 and 
C3 clock generators. The calculations make use of 
the fact that at a given frequency, but with unequal 
temperatures and supply voltages, the maximum 
variation in phase error between any two parts is 
less than 1 .25ns. This specification is used to make 
the maximum skew variation of C3 versus C1 be 
-650ps, when the maximum skew variation of C2 
versus C1 is 1.BOns. With this, the maximum size of 
the output switching window around C1 is equal to 
2.45ns. 
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Figure 5. Clock Dividing and Multiplication for Distribution Between Boards 
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Figure 5 shows the use of the 84402/03 as a clock 
multiplier and divider in a board to board clock distri
bution scheme. In this example, the motherboard 
clock generator, C1, is used to distribute multiple 
copies of the crystal oscillator frequency of 33Mhz. 
These 33Mhz outputs are routed point to point down 
the backplane to each of the expansion boards or 
modules. In this manner, it is possible to route slower 
frequency outputs on the backplane, and reduce the 
crosstalk, signal noise, and EMI problems. 

The 84402/03 chip on each module can be pro
grammed to multiply the 33Mhz backplane clock signal 
to its previous 66Mhz value, or it can create a set of 
33Mhz clock outputs. With this technique, each mod
ule or board can be selectively operated at the crys
tal oscillator frequency, 2X that frequency, or 1/2 the 
oscillator frequency. 

In this application, the total system clock skew is also 
2.45ns. The calculation of system clock skew in this 
example is the same as that for the previous example. 

Figure 6 shows a special application of the 84402/ 
03. In this application, data is to be synchronously 
transferred between boards in the system. The diffi
culty arises from the fact that in a system, the data 
delay from one board to the next varies depending 
upon location. This delay uncertainty, and the total 
system clock skew, combine to make the job of pro
viding sufficient hold time, at the input register on 
each board, a difficult task. 
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For this example, assume the system reference 
clock on each board is generated by an 84402/03 
that is located in a central location, typically the 
motherboard. From a previous example (Figure 5), 
this gives a total system clock skew of 2.45ns. 

Based upon this 2.45ns clock skew, a scenario can 
be drawn in which the data that is clocked out from 
one board reaches its neighbor before the neighbor
ing card has stored the previous data into the input 
register with sufficient hold time. A solution to this 
problem is to delay the time at which data is clocked 
out of all the boards. 

In this solution, the data is clocked into each input 
register, on a clock edge that is synchronous with the 
system reference clock. A short time later (3--6ns), 
new data is clocked out onto the backplane data 
bus. This will provide sufficient hold time at each 
board, provided that the delay between the two reg
ister clocks is at least equal to the system clock 
skew plus the hold time of the input register. 

The example in Figure 6 uses registers with a hold 
specification between O.Sns and 1.3ns. Based on 
these values, the delay between the register clocks 
on each board must be at least 2.95ns to 3.75ns. In 
the minimum phase mode of operation, the 84402/03 
can be configured to provide 3. 75ns delays 
between output clocks at 33Mhz, and is an ideal 
solution for this problem. FOUTO is synchronous to 
the system reference clock, and is used to clock the 
input registers R1 and R3. FOUT1 is delayed from 
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Figure 6. Data Distribution Between Boards 
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FOUTO by 3.75ns, and is used to clock the output 
registers R2 and R4. If additional delay is necessary, 
FOUT2 could replace FOUT1, and provide 7.5ns of 
delay between FOUTO and FOUT2. 

ASIC DESKEWING 

In systems where there are multiple ASICs sharing a 
common synchronous bus, great care must be taken 
to ensure that data transfers on the bus can happen 
as rapidly as possible. Each ASIC must be simulated 
to ensure that it's data setup, hold, and clock to data 
output times will work with each of the other chips. 
The designer must assume that each of the ASICs 
could be operating at any point on its performance 
curve; therefore, the propagation delays, setup, and 
hold times are increased to compensate for the vari
ability of each of the ASICs. These increased specifi
cations for each ASIC reduce the maximum 
attainable performance of the data bus by consum
ing a portion of the bus cycle time. 

Figure 7 demonstrates a couple of ways to reduce 
the uncertainty of each ASIC's performance. In this 
figure, an S4402/03 is used to ensure that the output 
transitions of each ASIC occur synchronously to the 
system clock. If all the output transitions on the data 
bus occur at the same point in time, then the setup 
times for each ASIC can be minimized. With the 
clock to data output delays effectively reduced to 
zero, and the setup and hold times minimized, the 
available bus bandwidth is increased and data traffic 
can flow at a higher rate. 
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In the upper half, C1 takes a 25Mhz master clock 
and generates a 50Mhz clock for the ASIC A 1. This 
50Mhz clock is buffered through the ASIC's internal 
clock buffer tree, before clocking a divide by two 
output flip flop. This 25Mhz output clock is fed back 
to the S4402/03 chip and the rising edge of this sig
nal is aligned to the rising edge of the 25Mhz master 
clock. 

In the lower half, C2 takes the 25Mhz master clock 
and generates two 25Mhz outputs that are in 
quadrature (90 degrees out of phase with each 
other). These 25Mhz clocks are exclusive OR'ed in
side the ASIC to create the 50Mhz internal clock for 

Figure 7. ASIC Deskewing 

DATA 
BUS 
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the ASIC. This 50Mhz internal clock is again buff
ered in the same way as the rest of the ASIC clocks, 
and then divided by two at the output, and aligned 
with the 25Mhz master clock. 

For these two schemes to work correctly, the de
signer must do three things. The ASIC internal clock 
buffering must be matched. In other words, the delay 
from the point at which the buffer tree begins to ex
pand sideways, to the point at which the clocks 
arrive at the clock input to the output flip flops, must 
be equal. The output flip flop macros and the delay 
from the flip flop output to the external pins, must 
also be equal. And the interconnect length between 
the ASICs and the S4402/03s must be minimized 
and equal. 

GENERAL GUIDELINES FOR CLOCK 
DISTRIBUTION 

For all of the examples described previously, there 
are a number of general design guidelines that need 
to be applied in order to achieve the best perfor
mance. These guidelines are: 

1 . Clock traces need to have equal lengths and 
impedance. 

2. The clock traces must be treated as transmis
sion lines, and therefore use controlled imped
ance traces. 

3. The clock signal termination strategy must be 
decided early. Series termination will reduce 
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the termination power requirement, but the 
loads must be clustered at the end of the clock 
line (<2" stubs). 

4. Clock signal capacitive loads must be equal. 

5. Do not heavily load the clock output drivers. 
With heavy loads, two outputs can be paral
leled to increase the drive capability. 

6. Clocks distributed across backplanes should 
be point to point connections. This will remove 
the transit time skew introduced as the signal 
propagates down the backplane past each 
board. 

7. Be generous with decoupling capacitors. Each 
power and ground pin of the generators and 
drivers should be decoupled with 0.1 uF ce
ramic chip capacitors. 

SUMMARY 

As shown, with careful design of the clocking 
scheme for a synchronous system, and the correct 
choice of clock generators and drivers, it is possible 
to reduce the system clock skew down to 0.4ns to 
2.45ns. 

The 54402/03 clock generator chips provide the 
user with the option to tackle the clock distribution 
problem in many different ways. The controlled out
put skew of less than 400ps, and the ability to gener
ate clocks at frequencies up to 80Mhz, make the 
54402 and 54403 the ideal choice for today's high 
performance systems. 
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AMCC ASICs 

Need High Performance? 
AMCC is The Only Choice 

AMCC has been a supplier of high performance ASICs 
for 15 years. Our knowledge of high frequency design 
up to 2.5 GHz is deep .. .from physical design to power 
optimization, from device modeling to packaging ... from 
analog expertise to advanced process technology. In 
addition, AMCC combines advanced bipolar manufac
turing with an in-depth understanding of the physical 
layer application requirements for SON ET, Fibre Chan
nel and Gigabit Ethernet. By offering a complete line of 
application specific standard products (ASSPs) for 
these markets, AMCC has already developed and 
characterized many of the key building blocks needed 
to adddress your semi-custom ASIC requirements. 
This can mean development cost savings, and more 
importantly lower risk and faster time to market. Fur
thermore, AMCC is focusing on the performance ad
vantages that our process and design expertise brings 
to the timing critical elements within ATE systems. 
AMCC is a complete solutions oriented supplier, from 
process technology development and wafer fabrica
tion to systems understanding and applications sup
port. AMCC can be a powerful extension to your 
engineering team. 

Have You Checked Out the Alternatives? 
We Are Usually Lower In Cost and Power 

Most high performance chip companies today are 
vying for the same markets, including telecom, datacom, 
ATE and computers. That pits AMCC against the 
industry's strongest suppliers when it comes to defin
ing standard products and providing ASIC solutions. 
While many high performance vendors are fighting the 
tremendous performance gains being made in CMOS 
technologies, AMCC embraces them. Our customers 
have found that by partitioning their systems into large 
CMOS and small bipolar modules, they are able to 
optimize both performance and cost while minimizing 
power and eliminating the risk of an integrated solution 
in GaAs or BiCMOS. 

Need Analog? 
Check Out The Bipolar Advantages. 

Many of our opportunities today are with customers 
who need the performance of the bipolar transistor 
to meet their analog system parameters. Neither 
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AMCC® 

GaAs nor CMOS can come close on jitter, tempera
ture and process stability, or power supply rejection. 
Bipolar also has a significantly higher device 
transconductance, making it much simpler to imple
ment operational amplifiers. When combined with 
switching speeds of up to 2.5GHz, it is clear why 
AMCC's bipolar product families are the choice for 
so many mixed signal ASIC requirements today. 

Military and High Performance? 
Call AMCC! 

When you need a combination of performance and 
military (or S-Class) specifications, AMCC is the in
dustry leader. We have implemented numerous mili
tary ASICs, including ICs used in the F15, F-16, 
F-18, F-22, Apache, Commanche, Amraam pro
grams and more! Also note that GaAs can rarely 
meet military specifications, and most of our bipolar 
competitors are no longer supporting the military 
business. 

ECLinPS Integration and/or Replacements? 
We're at your service! 

Scenario 1: Do you have a bunch of ECLinPS parts 
on your board that you would love to combine into 
one or two chips? AMCC usually can save you 
money, board space, and power, and all you need to 
provide is a component list! 

Scenario 2: Are your volume ECLinPS requirements 
beyond what your current supplier is willing to com
mit to? AMCC can replace those ECLinPS parts and 
guarantee delivery in exchange for a purchasing 
committment. 

The Only Choice for High Performance ASICs 

The bottom line is that AMCC has a strong ASIC 
expertise, and is applying that expertise to pursue 
opportunities where it can be leveraged the most. 
Check out the detailed ASIC data sheets that follow 
and then call your AMCC representative to discuss • 
your needs. We would appreciate the opportunity to 
discuss your options with you! 
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MICROPOWER STANDARD CELL 3.3V / 5V 

FEATURES 

• Operating Frequencies Up to 2.5GHz 

• Up to 4,000 Internal Gates and 200 I/Os 

• Cell Based Architecture 

• 1 Micron Bipolar Process, 3 Layer Interconnect 

• 1 OOps Equivalent Gate Delays 

• Fully Differential Logic Library 

• Analog Functions Available 

PLLs up to 2.5GHz 

Timing Verniers up to 1 GHz 

• Extensive Speed I Power Programmability 

• Symmetrical Rise and Fall Times 

• Operation over Commercial and Industrial 
Ranges 

• Compatible with all ECL, TTL and CMOS 3.3V 

and 5V Interfaces 

• Supports Mixed ECL I TTL 

DESCRIPTION 

The Micropower Cell Based Architecture was created 
to optimize the performance of AMCC's 1µm bipolar 
technology. Building on the high performance, high 
yielding process that was originally created for the 
Q20000"TURBO" ECL/TTL family, the Micropowercell 
based family was created to add four important capabili
ties: 

1) Operating Frequencies of up to 2.5GHz 
2) 100 to 1 Speed I Power programmability of the logic 
library 
3) 3.3V interface capabilities 
4) Flexibility in implementation of analog functions 

Products employing the Micropower cell based archi
tecture operate at frequencies as high as 2.5GHz. This 
performance is achieved by combining AMCC's ad
vanced bipolar process with differential CML switches 
on every logic function in the library. The combination 
of this advanced process and design technique allows 
the Micropower architecture to achieve nearly double 
the speed of the 020000 family while reducing power 
dissipation at the same time. 

Applied Micro Circuits Corporation 
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Figure 1. Micropower Die Example 

Table 1. Performance Summary 

Parameter Value 

Typical gate delay 50-250 ps 

Maximum Toggle frequency 2.5 GHz 

Maximum TTL input frequency 125 MHz 

Maximum TTL Output frequency 80 MHz 

Maximum ECL input frequency 2.5 GHz 

Maximum ECL output frequency 1.2 GHz 

Maximum CML input frequency 2.5 GHz 

Maximum CML output frequency 2.5 GHz 
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TECHNOLOGY 
Micropower cell based designs are fabricated using 
a one micron bipolar process incorporating 
polysilicon emitter contacts, trench oxide isolation 
and an advanced base emitter structure (Figure 2). 
The 1 um wide trench reduces the collector substrate 
capacitance to less than half and doubles packing 
density when compared to conventional oxide iso
lated devices. 

The minimum emitter feature size of 1 um x 2um (.6 x 
1.6 effective), combined with the low capacitance of 
a double poly, trench isolated process, achieves a 
cut-off frequency (F1) of 14GHz. The three level 
metal interconnect system employs fine pitch geom
etries of 4um first, 5um second and 7um for the third 
level of metal. 

Figure 2. Process Cross Section 

TIW 

ARCHITECTURE 

The Micropower cell based architecture is structured 
such that all logic cells are equal in height, while the 
width of each cell is adjusted as necessary in order to 
implement the desired logic function. Analog functions 
are designed to use the minimum area possible, and are 
customized depending on constraints created by the 
rest of the core logic. A metal-insulator-metal capacitor 
helps to minimize the area required by the analog 
circuitry. 1/0 cells are flexible as well, such that the X 
and Y dimensions can easily be modified for each 
design in order to optimize the overall die area. 

The internal core cell of the Micropower family uses 
logic efficient three level series gated structures for 5V 
designs, and two level series gated structures for 3.3V 
designs. These structures can operate over commer
cial and industial temperatures (-40C to +85C) and over 
a voltage range compatible with ECL 1 OKH or 1 OOK 
logic. 
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1/0 cells currently exist to allow micropower products to 
interface with 1 OKH and 1 OOK ECL, TTL, L VTTL and 
LVCMOS. Other interfaces such as HSTL and LVDS 
can also be supported using this technology, and they 
will be implemented as customer requirements dictate. 

LOGIC CELL FUNCTIONS 

A large variety of SSI, MSI and LSI logic macros are 
currently available, along with an assortment of PLL and 
Timing Vernier macros. The library features extensive 
speed/power programmability that allows a designer to 
optimize critical path speeds while managing overall 
chip power. 

Table 2 illustrates the effects of speed/power selections 
on equivalent gate delay and power consumption. As 
the table indicates, the overall macro performance 
versus power consumption can vary greatly depending 
upon the option selected. 

The designer makes an initial selection of speed/power 
options at the time of schematic capture. Through both 
logic and SPICE simulation, the designer then fine
tunes the circuit to provide the optimum mix of perfor
mance and power. 

Table 2. Macro Speed Power Options: Examples 

Logic Function TPD '·· F.,., 
(ps) (mA) (MHz) 

2 Jnput MUX 
Lowest Power 484/964 0.02 200 
Highest Speed 44/64 2.00 2500 

2 Input AND 
Lowest Power 411/959 0.02 200 
Highest Speed 29/67 0.50 2500 

DF/F(C-0) 
Lowest Power 1217/2493 0.04 200 
Highest Speed 91/187 1.00 2500 
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6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



AMCC 
MICROPOWER STANDARD CELL 3.3V / 5V 

TIMING VERNIERS 

Timing Vernier cells with outstanding performance 
characteristics are available for the Micropower fam
ily. These parametrics have been achieved by com
bining AMCC's technical expertise with a 
state-of-the-art bipolar process. Table 3 illustrates 
some of the timing vernier parametrics that can be 
achieved on AMCC's Micropower cell based prod
ucts. By incorporating one or more of these verniers 
with the necessary peripheral logic cells, tomorrows 
performance requirements can be met in applica
tions such as: 

•ATE 

• Instrumentation 

• Clock Distribution 

• High Speed Susses 

Table 3. Micropower Timing Vernier Performance 

Parameter Value 

Step Size Between Adjacent Codes 10 ps 

Monotonic on LSB? YES 

Integral Non-Linearity 1 LSB 

Differential Non-Linearity 0.5 LSB 

Minimum Pulse Width 500 ps 

Maximum Data Rate 1 GHz 

Jitter 5 ps(p-p) 

Programmable Delay Range configurable 

ON-CHIP PLLs 

Clock Synthesis and Clock Recovery cells have 
been developed and are available for Micropower 
designs. Speed options ranging from 125 MHz up to 
2.5 GHz are available. Complete simulation models, 
implementing all CSU/CRU functions, are used for 
logic simulations, while final simulations of circuits 
incorporating these elements are done in SPICE. 
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AMCC defined loop filter components for an assort
ment of frequency options have been established for 
applications with divide ratios up to 500, transition 
densities of 30% to 70%, and run lengths of up to 
64-bit times. Lock detect, local and link loopback 
features are also available options. 88/1 OB encoding 
and 108/88 decoding cells are available under a 
licensing and non-disclosure agreement. Other en
coding and decoding schemes can be easily de
signed using the Micropower digital cell library. 

To minimize noise injection from the rest of the core 
logic into the PLL section of a device, all core logic 
must be operated synchronously with the PLL. 

The PLL architecture and capabilities available for 
the Micropower cell based product family are layout 
optimized and performance enhanced versions of 
the PLL macros originally developed for the 020000 
''TURBO" + PLL logic arrays. Due to this, the de
tailed functional description of AMCC's PLLs found 
in the 020000 "TURBO" + PLL section of this chap
ter can be applied to all Micropower PLL cells as 
well. 

OTHER ANALOG CAPABILITIES 

A wide variety of analog functions have been de
signed for the Micropower cell based product family. 
Many of these functions have been used on AMCC's 
standard products, while a number of others were 
designed to meet specific customer ASIC require
ments. Consult your AMCC sales representative to 
discuss your analog specifications and determine 
whether the Micropower cell based product family is 
the best choice to meet your needs. 
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CUSTOMER INTERFACE 

All Micropower designs are currently handled as "turn
keys"; that is, they are implemented in-house by AMCC 
designers working very closely with the customer. The 
designer works on projects starting with a customer's 
specification, and takes the project all the way through 
the chip design, simulation, layout, manufacturing and 
testing process. See Figures 3, 4 and 5 for a complete 
view of the Micropower design flow. 

PACKAGING 

Micropower cell based designs can be packaged in a 
broad range of standard packages including plastic, 
thermally enhanced plastic (EDOUAD), ceramic pin 
grid arrays and surface-mountable ceramic chip carri
ers. Most of the packages shown in the standard pack
aging matrices for the 020000 "TURBO" ECUTTL 
Family (Table 14) and the 020000 "TURBO" + PLL 
Family (Table 17) are available off-the-shelf, with other 
packages as small as an 8 pin SOIC and as large as a 
460 pin BGA available as needed. 

Figure 4. Implementation Flow 
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Table 4. Recommended Operating Conditions - Commercial 3.3V 

Parameter Min Norn Max Units 

PECL Supply Voltage 3.14 3.3 3.47 v 
ECL Input Signal 1.0 3.0 ns 

Rise/Fall nme 

TIL Supply Voltage (Veel 3.14 3.3 3.47 v 
TIL Output Current 

Low(lot.) 20 mA 

Operating Temperature 0 70 ·c 
(ambient) (case) 

Junction Temperature 130 ·c 

Table 5. Recommended Operating Conditions - Commercial SV 

Parameter Min Norn 

PECL Supply Voltage 4.75 5.0 

PECL Input Signal - 1.0 
Rise/Fall nme 

TIL Supply Voltage (V eel 4.5 5.0 

TIL Output Current 
Low(lot.) 

Operating Temperature 0 
(ambient) 

Junction Temperature 

Table 6. Absolute Maximum Ratings* 
Vee= 3.3 V (nom) 

PECL Supply Voltage 5.5V 

PECL Input Voltage Vee to Vee -2.0 V 
PECL Output Source Current 50mA 
(continuous) 

TTL Supply Voltage 5.5V 

TTL Input Voltage 5.5V 

Operating Temperature 
-40'C (ambient) to 

+as·c (case) 

Operating Junction Temperature TJ +130'C 

Storage Temperature -65'C to +150'C 

*Long term exposure at these limits may result in permanent 
changeor damage to the circuits. Actual circuit operation at these 
conditions is not recommended nor implied. 
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Max Units 

5.25 v 
3.0 ns 

5.5 v 

20 mA 

70 ·c 
(case) 

130 ·c 

Vee= 5 V (nom) 
8.0V 

Vee to Vee -2.0 V 

50mA 

7.0V 

5.5V 

-40'C (ambient) to 
+85'C (case) 

+130' 

-65'C to +150'C 
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Table 7. Recommended Operating Conditions - Industrial 3.3 V 

Parameter Min Nom Max Units 

PECL Supply Voltage 3.14 3.3 3.47 v 
ECL Input Signal - 1.0 3.0 ns 

Rise/Fall Time 

TTL Supply Voltage (V eel 3.14 3.3 3.47 v 
TTL Output Current 

Low (10L) 20 mA 

Operating Temperature 
-40 85 ·c 

(ambient) (case) 

Junction Temperature 130 ·c 

Table B. Recommended Operating Conditions - Industrial 5 V 

Parameter Min 

PECL Supply Voltage 4.75 

PECL Input Signal -
Rise/Fall Time 

TTL Supply Voltage (V eel 4.5 

TTL Output Current 
Low (10L) 

Operating Temperature 
40 

(ambient) 

Junction Temperature 

Nom Max Units 

5.0 5.25 v 
1.0 3.0 ns 

5.0 5.5 v 

20 mA 

85 ·c 
(case) 

130 ·c 
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DESCRIPTION 

AMCC offers turnkey solutions in a small ASIC that 
is tailored for the integration of discrete ECLinPS™ 
logic. Using the 020004 gate array and the exten
sive 020000 "TURBO" ECL/TTL macro library, 
AMCC can integrate ECLinPS glue logic resulting in 
cost and power savings as well as increased perfor
mance. 

The 020004 ASIC is a 450 gate bipolar array with up 
to 30 signal 1/0. Circuit capabilities allow clock and 
data rates of up to 1.2 GHz. Larger arrays in the 
020000 family are available if a design outgrows the 
020004 array. 

BENEFITS 

The AMCC ECLinPS to ASIC conversion program 
offers customers the following benefits: 

• Lower Cost 

• Lower Power 

• Less Board Space 

• Simpler Signal Routing 

• Improved Manufacturability 

• Better Performance 

ECLinPS logic is expensive high speed discrete 
logic. Integration can be cost effective with as few as 
three ECLinPS discretes. 

AMCC's 020004 solutions have demonstrated an 
average power savings of 80% over the ECLinPS 
discrete solution. Actual power savings depends on 
the specific parts integrated. 

Integration into a single ASIC conserves board 
space. Termination resistors from logic interconnect 
are eliminated, saving additional board space and 
easing manufacturability. 

*ECLinPS™ is a trademark of Motorola, Inc. 

Applied Micro Circuits Corporation 
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020004 macros have maximum frequencies of up to 
1.2 GHz. Since logic interconnect is routed on chip, 
performance is significantly improved. Customers 
have turned to AMCC when ECLinPS logic could not 
meet their system demands. 

The 020004 array uses configurable 1/0. This allows 
the customer to specify where signal I/Os should be 
placed, helping to minimize off-chip routing. 

In the case of obsolesence, such as Motorola's dis
continuation of Military 1 OK and 1 OKH discretes, 
AMCC can develop pin compatible replacements. To 
do this, AMCC will either utilize the 020004 array or 
develop a custom solution to meet the 
manufacturer's specification. 

TECHNOLOGY 

The 020004 ASIC is fabricated using AMCC's 1.0 
micron bipolar process. The process achieves a cut
off frequency (Ft) of 14 GHz and has 3 metal layers. 
Typical gate delays are 1 OOPS with typical edge 
rates of 300ps. 

The 020004 array employs a flexible 1/0 structure 
allowing interspersement of various types of dedi
cated and bi-directional 1/0 as required by the appli
cation. The arrays support the following interfaces: 

• ECL 

• PECL 

•TTL 

•CMOS 

• CML 

Production parts in this array are available in 
commercial,industrial, and military grade. 

PACKAGING 

Standard packages for this product include the 28 
PLCC, 44 PLCC and the 52 POFP. Custom pack
ages are available upon request. 
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DEVICE SPECIFICATION 
AMCC® 

LOGIC ARRAYS 020000 "TURBO" ECUTTL 

Q20000 FEATURES 

• Up to 18, 777 gates, channelless architecture 
• 1 00 ps equivalent gate delays 
• Low power (0.5-1.0 mW/gate) 
• 1 OK, 1 OKH, 1 OOK ECL and mixed ECUTTL capability 
• Structured arrays with 1.25 GHz PLLs1 
• High precision programmable delay line macros 
• Speed/power programmability 
• Single cell 25 and 50 ohm parallel termination drive 
• Symmetrical rise and fall times 
• Operation over commercial, industrial and military 

environmental conditions 
• Up to 100% utilization 

DESCRIPTION 

The AMCC 020000 Series of logic arrays is com
prised of nine products ranging in density from 450 to 
18, 777 equivalent gates including structured arrays 
with 1.25 GHz PLLs.1 The 020000 "TURBO" ECU 
TTL series is optimized to provide high perfor
mance and proven reliability to today's advanced 
hi-rel commercial, industrial and military 
semicustom applications. 

020000 arrays are designed to operate at frequen
cies as high as 1.25 GHz. These Turbo arrays 
achieve this very high performance by combining an 
advanced process with innovative AC-coupled active 
drive circuitry. The combination of this advanced pro
cess and patented circuit design technique has 
achieved operating performance efficiencies as much 
as eight times greater than previous bipolar families. 

Figure 6. Q20080 Die 

Table 9. Performance Summary 
PARAMETER VALUE 

Typical gate delay 2 100-250 ps 

Maximum toggle frequency 1.25 GHz 

Maximum TTL input frequency 100 MHz 

Maximum TTL output frequency 60MHz 

· Maximum ECL input frequency (DIFF) 1.25GHz 

Maximum ECL output frequency 

single ended 350 MHz 

Darlington (single ended, mixed mode only) 600 MHz 

differential 1.0GHz 

CML 3 1.25 GHz 

ECL 1/0 pair delay (min/max) 330/560 ps 

An extensive library of SSI, MSI and LSI logic macros, 
including phase-locked loops and high resolution pro
grammable delay lines, is currently available in con-

junction with AMCC's MacroMatrix® design kit. The 
library features speed/power options that allow the de
signer to maximize critical path speed and density 
while minimizing overall chip power. MacroMatrix is avail-
able for Mentor 8.x for both HP7XX and SUN platforms. 

Table 10. Q20000 "TURBO" ECL/TTL Product Summary 
Parameter Q20004 Q20010 Q20025 Q20045 Q20080 

Equivalent Gates -Flip Flop 4 450 979 2687 4520 7494 

-Full Adder 5 671 1469 4032 6782 11242 

Core Cells 123 267 733 1233 2044 

110 Cell Count s 30 68 102 130 164 

Structured Array Blocks - - - - -
Power(W)7 <1W 1-2 2-3 3-5 5-9 

1 Refer to the 020000 'TURBO" + PLL section of this data sheet for further information. 
2 Based opon the use of complex macros and availability of speed/power options. 
3 1.25 GHz CML output available in Q20P01 O and Q20P025 only. 
4 Computed using 11 gate equivalent, 3 cell 3:1 MUXed D Flip-Flop - FF48 Macro. 
5 Computed using 11 gate equivalent, 2 cell, One bit Full Adder, ADOS Macro. 

Q20120 Q20P0101 

12518 649 

18777 973 

3414 177 

200 34 

- PLL 

8-14 1.5-2.5 

6 Available 1/0 signals depends upon package and macro selection. Some 1/0 macros utilize more than one 1/0 cell. 
7 Assumes 50% inputs, 50% Outputs, Mixed mode supply. Utilization determines actual array power dissipation. 

Applied Micro Circuits Corporation 
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Q20P0251 Q20M100 

2178 8980 

3272 13475 

595 2450 

51 195 

PLL Memory 

2-4 10-17 
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AMCC 
020000 'TURBO" ECL/TTL LOGIC ARRAYS 

TECHNOLOGY 

The 020000 Series of ultra high performance ECL/TTL 
logic arrays is fabricated using a one micron bipolar 
process incorporating polysilicon emitter contacts, 
trench oxide isolation and an advanced base emitter 
structure (Figure 7). The 1µm wide trench reduces the 
collector substrate capacitance to less than half and 
doubles packing density when compared to con
ventional oxide isolated devices. 

The minimum emitter feature size of 1 µm x 2µm (.6 x 
1.6 effective) combined with the low capacitance of the 
double poly, trench isolated process, achieves a cut-off 
frequency (F1) of 14 GHz. The three level metal inter
connect system employs fine pitch geometries of 4µm 
first, 5µm second and 7µm for the third level of metal. 

Figure 7. Process Cross Section 

.... ""'""' 

DESIGN INNOVATIONS 

Conventional ECL structures use an output emitter 
follower biased with a static current source. When 
replicated and used hundreds or thousands of times 
per array these static current sources consume large 
amounts of current. As gate densities increase, this 
static current becomes a large power burden. 

To overcome this power burden, AMCC developed a 
patented dynamic discharge circuit (Figure 8) in 
place of the static current source for the emitter fol
lower. This dynamic discharge circuit is comprised of 
a capacitively coupled active pull down arrangement. 
The static power requirements when using this inno
vative technique are reduced substantially. Output 
skews between rising and falling edge delays are 
virtually eliminated and are significantly less affected 
by interconnect loading. This circuit technique in ef
fect "Turbo Charges" the output. 

11-14 

Figure 8. Q20000 Internal Cell Turbo Driver 
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The Turbo circuit is beneficial for circuits operating at 
frequencies as high as 600 MHz and is used in 
implementing the majority of macro functions in 
020000 series designs. For circuit paths operating 
between 600 MHz and 1.25 GHz, the 020000 Series 
Macro Library includes functions with the traditional 
ECL output emitter follower structure. 

The VO cell also benefits from the innovative Turbo 
design. Off chip skews for ECL outputs (10KH or 100K) 
as well as loading effects versus conventional emitter 
follower structures are greatly improved. If a dual sup
ply is available, the VO cell can be configured with a 
Darlington output stage plus Turbo. This option gives a 
single VO cell the ability to drive a 25 ohm parallel 
terminated line at reduced switch current, thereby re
ducing power requirements. 

Applied Micro Circuits Corporation 
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AMCC 
LOGIC ARRAYS 020000 'TURBO" ECL/TTL 

ARCHITECTURE 

ARRAY ARCHITECTURE 

The 020000 Series utilizes a channelless architec
ture called Sea-of-Cells®. The Sea-of-Cells organi
zation eliminates the dedicated routing channels 
between cells used in channeled array architectures, 
thereby effectively doubling the core density. Utiliza
tion is maintained at above 95% because of three 
levels of metal interconnect and AMCC's state-of
the-art place and route software. First level metal is 
used primarily for macro definition while second and 
third metal levels handle inter-macro routing. The re
duced static power of the Turbo cell allows power 
and ground distribution to be interspersed on the 
second and third metal levels, eliminating the need 
for a dedicated power plane. 

Figure 9. 020080 Die Organization 

Core Generator Cell 

Core Cell 

Reference 
Generator 
Cell 

Like previous ECL logic array families from AMCC, 
the internal core cell of the 020000 Series uses logic 
efficient three level series gated structures. The 
three level structure can operate over the full military 
temperature (-55'C ambient to +125"C case) and 
voltage range of ECL 1 OKH or 1 OOK logic because of 
AMCC's unique design. Table 1 o lists representative 
macro functions and the number of cells required for 
implementation of each. A latch can be implemented 
in only one cell. 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

The 1/0 cells are designed to interface with either 
1 OKH, 1 OOK or TTL thresholds. For over 600 MHz 
operation, a differential CML output structure is also 
available for use with selected 1/0 cells and package 
pins. 

Each 1/0 cell in the array family can be either an 
input or an output. Bi-directional operation is 
achieved by paralleling any two adjacent 1/0 cells. 
The flexible 1/0 structure of the 020000 family allows 
operation in either 100% ECL, 100% TTL and mixed 
ECL/TTL 1/0 in either dual supply or single supply 
configurations. 

Table 10. Functional Density 

MACRO FUNCTION 
CELL MACRO 

USAGE NAME 

Flip-Flop with AR; A/AN outputs 2 FF12 

Flip-Flop with EXORed Data; Q output 2 FF22 

Flip-Flop with 3:1 MUXed Data, Q output 3 FF48 

Dlatch 1 LA11 

4:1 Mux 2 MX21 

2 Input Exclusive-OR, Y output 1 EX30 

4-Bit Carry Look Ahead Adder 24 ADDOO 

4-Bit Counter with AR, AS 26 CTR02 

8-Bit Comparator 40 CMPOO 

STRUCTURED ARRAYS· 

Three members of the 020000 "TURBO" ECL/TTL 
family feature embedded functions. The 020P025 
and 020P01 O arrays include a 1.25GHz PLL with 
2500 and 1000 usable logic gates, respectively. The 
020M100 array includes eight 32 x 18 bit RAM 
blocks (total 4K) and 10,000 usable gates. For de
tailed information on the arrays featuring on-chip 
PLLs, refer to the 020000 "TURBO" + PLL pages 
later in this section. For detailed information on the 
arrays featuring RAM blocks, see the 020M100 data 
sheet on the AMCC website (www.amcc.com). 
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AMCC 
020000 "TURBO" ECL/TTL LOGIC ARRAYS 

LOGIC CELL FUNCTIONS 

HIGH SPEED/LOW POWER MACROS 

The 020000 Series macro library offers maximum 
flexibility in the optimization of circuit performance 
and power consumption. A full complement of mac
ros is offered with low power, standard and high 
speed options. The high speed options require 
somewhat more power than standard options, but 
provide a significant improvement in propagation de
lay and/or maximum operating frequency. The low 
power versions of macros can be used to reduce 
power consumption in non-critical paths. Table 11 
illustrates the speed, power and frequency tradeoffs 
for the three options of one sample macro. 

Table 11. Macro Speed Power Options: Example 

GT65 - 8-INPUT OR 
High 

Standard 
Low 

Speed Power 

Tpo min/max (ps)1 87/160 1031189 1671298 
IEE(mA) 1.12 0.776 0.455 
Max Operating Freq. (MHz) 1200 800 600 

1Tpd = [TPDi++l + TPDi-> V2. Path shown is any input to Y output. 

DIFFERENTIAL MACROS 
The 020000 family offers a wide range of differential 
macros to facilitate high speed designs. Both core 
and 1/0 macros are available to allow fully differential 
paths and maximize the noise immunity and speed 
of your design. These differential macros are in
cluded as a standard part of the AMCC Design Kit. 
Ask your AMCC rep for more details. 

INTERNAL LOGIC CELL CAPABILITIES 

The 020000 Series internal logic cells are all identi
cal in structure and are uniformly positioned in a 
Sea-Of-Cells matrix across the internal core area of 
the array. Each cell contains 13 uncommitted tran
sistors and 13 resistors. The cells are individually 
configurable to provide a variety of logic functions by 
placing macros from the 020000 Series macro li
brary. The macro library provides SSI, MSI and 
some basic LSI functions. Higher functionality mac
ros provide the advantages of higher speed, lower 
power and increased circuit density over a logically 
equivalent SSI macro implementation. 

11-16 

FLEXIBLE VO STRUCTURE 

The 020000 Series 1/0 cells are configurable to pro
vide a universal range of interface options for both 
single and dual supply modes. The mixed ECL/TTL 
capabilities allow interface to both technologies on a 
single chip without the use of external translators. 
Refer to Table 12 to see the wide variety of available 
interface options, which can be mixed as required by 
each design. 

Table 12. Signal Interface Options 
INPUT BIDIRECTIONAL OUTPUT 

TTL Totem Pole 
TTL TTL Transceivers TTL Tri-State 

TTL Open Collector 

ECL 10K and 10KH 
ECL 1 OK and 1 OKH 

ECL 1 OK and 1 OKH 
Transceivers 

ECL 100K 
ECL 100K 

ECL 100K 
Transceiver 

CML CML Open Collector 

ECL INTERFACE 

The 020000 Series arrays can interface to standard 
and positive reference (+5V) ECL 10K, 10KH and 
1 OOK levels. ECL inputs can enter the array from 
any 1/0 cell and, in some cases, may be connected 
directly to core cells without additional buffering. Ad
ditionally, signals can be input differentially to re
move common mode noise. 

ECL outputs can leave the arrays from any 1/0 cell. 
Different configurations of the 1/0 cells provide for a 
50 ohm or 25 ohm output drive. Differential CML 
outputs are available for high frequency paths. 

The 020000 Series allows for a special type of ECL 
output macro which incorporates a Darlington output 
configuration. These macros maintain standard ECL 
1 OK, 1 OKH and 1 OOK output levels, while netting an 
improvement in drive capability and toggle fre
quency over standard ECL outputs. While requiring 
dual power supplies, the Darlington output macros 
will accommodate 25 or 50 ohm loads in a single 110 
location while maintaining ECL standard levels. 

Bidirectional ECL operation is available using two 
adjacent 1/0 cells. 

Applied Micro Circuits Corporation 
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AMCC 
020000 "TURBO" ECL/TTL LOGIC ARRA VS 

TTL INTERFACE 

TTL inputs can be placed in any 1/0 cell. Once on-chip, 
TTL signals are automatically converted to internal volt
age levels for internal logic operations. 

Signals leaving the array are translated from an inter
nal voltage level to TTL level in the 1/0 cell. Following 
this translation, TTL outputs are available in totem 
pole, 3-state or open collector configurations. TTL out
puts, like inputs, can be located in any 1/0 cell. 

Bidirectional TTL operation is available in single cell 
and dual 1/0 cell implementations. 

CUSTOM MACROS 

AMCC has developed a macro development system to 
simplify the design and implementation of custom mac
ros. This tool suite uses a correct-by-construction ap
proach to insure that macros meet all the pertinent 
design rules and parametrics. As individual circuit ap
plications warrant, macros with unique characteristics 
can be developed to optimize a customer's design. 

Applied Micro Circuits Corporation 
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POWER SUPPLY CONFIGURATIONS 

On the 020000 Series arrays there are four basic inter
face configurations: single-supply ECL, single supply 
PECL, dual-supply mixed TTL/ECL and single-supply 
mixed TTL/ECL. Power supply requirements for each 
mode of operation are shown in Table 13. 

Table 13. VO Power Supply Configuration 

l/OMODE v .. Vee 

ECL 100K -4.2 to -4.8 V' -
ECL 10K, 10KH -4.7 to -5.7V -
ECL 100K/TTL -4.2 to -4.BV' 4.5 to 5.5V 

ECL 10K, 10KHITTL -4.7 to -5.7V 4.5to 5.5V 

PECL 100K - 4.5to 5.5V 

PECL 1 OK, 1 OKH - 4.5to 5.5V 

PECL 100K/TTL - 4.5to 5.5V 

PECL 10K, 10KHITTL - 4.5 to 5.5V 

1May be configured with a -5.7 supply. Consult AMCC for 

DC parametrics. 
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AMCC 
LOGIC ARRAYS 020000 "TURBO" ECUTTL 

PACKAGING 
THE 020000 ''TURBO" ECLJTTL logic array family is 
available in a range of standard packages including 
thermally enhanced plastic, surface-mountable ceramic 
chip carriers and ceramic pin grid arrays (see Table 14). 
Other package types, including ball grid arrays will be 
supported as required by new ASIC opportunities. For 
additional details, consult the AMCC website 
(www.amcc.com) and check out the AMCC Packaging 
Guide. 

Table 14. 020000 "TURBO" ECUTTL Family Packaging Matrix 

PKG DESCRIPTION/ 
DIE NAME 

Plastic 28 PLCC 

Plastic 44 PLCC 

Plastic 68 PLCC 

Plastic 68 PLCC/EDQUAD 

Plastic 52 PQFP 

Plastic 80 PQFP/EDQUAD 

Plastic 100 PQFP/EDQUAD 

Plastic 120 PQFP/EDQUAD 

Plastic 160 PQFP/EDQUAD 

Plastic 208 PQFP/EDQUAD 

Ceramic 100 LDCC 

Ceramic 132 LDCC 

Ceramic 196 LDCC 

Ceramic 224 LDCC 

Ceramic 100 PGA 

Ceramic 149 PGA 

Ceramic 209 PGA 

Ceramic 251 PGA 

Ceramic 300 PGA 
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AMCC 
020000 "TURBO" + PLL LOGIC ARRAYS WITH ON-CHIP PLLs 

FEATURES 

• On-chip high frequency phase-locked loop 

• Up to 1 .25 GHz capability 

• Edge jitter as low as 1 Ops (rms) and 50 ps (pk-pk) 

• 900 to 3000 gates of customizable digital logic 

• Utilizes proven 020000 Series macro library 

• 100 ps equivalent gate delays 

• Low power (0.5-1.0 mW/gate) 

• 1 OK, 1 OKH, 1 OOK ECL, PECL and mixed ECUTTL 
capability 

• Speed/power programmable logic and 1/0 

• Operation over commercial and military ranges 

• Up to 95% utilization of digital logic 

• Full logic simulation modeling support of PLL 
functions 

Table 15. Performance Summary 

Parameter Value 
Phase-Locked Loop 
Operating Frequency 125 MHz-1.25 GHz 
Edge Jitter (pk-pk) 50-100 ps 
Residual BER 10E-12 
Acquisition Time (typical) 1.0 µs 

Digital 
Typical Gate Delay 100-250 ps 
Maximum Toggle Frequency 1.25 GHz 
Maximum TTL Input Frequency 100 MHz 
Maximum TTL Output Frequency 80 MHz 
Maximum ECL Input Frequency 1.25 GHz 
Maximum ECL Output Frequency 1.25 GHz 

Table 16. Product Summary 

Q20P010 Q20P025 
Equivalent Gates 
Full Adder Method 928 3120 
Flip-flop Method 637 2142 
Internal Logic Cells 177 595 

1/0 Pins 1 

PLL Related 
Loop Filter 0 0 
Signals 12 12 
Powers & Grounds 8 8 

Digital 
Signals up to34 2 up to 51 2 

Powers & Grounds 20 22 
AC Monitor & Thermal 4 4 Diode 
Maximum Total 

1.5-3 2-3 Power(W) 

1 See Table 17 for packaging options. 

2 Actual number of signal pins available depends on package choice. 
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Figure 10. 020000 "TURBO" + PLL 
Architecture 

APPLICATIONS 

• High speed datacom • Video shift registers 

• High performance telecom • Frequency synthesis 

• Timing generation circuits • Self-timed systems 

DESCRIPTION 

The AMCC 020P010 and 020P025 PLL logic arrays 
offer gate densities of 900 and 3000 equivalent gates 
with an on-chip high frequency phase-locked loop. 
Combining a PLL with user-definable 020000 series 
arrays, the 020P010 and 020P025 are tailored for 
high speed serial communication, video, and clock 
generation applications. 

Clock synthesis and clock recovery macros are 
available for the on-chip phase-locked loop. Speed 
options ranging from 125 MHz to 1.25 GHz are avail
able. Complete simulation models, implementing all 
CSU/CRU functions, are available for digital logic 
simulation on Mentor workstations as well as the 
LASAR simulator. Lock detect, local and link 
loopback features are also supported. 

For the digital logic portion of the array, an extensive 
library of SSI and MSI macros is available as part of 
AMCC's MacroMatrix™ design kit. Latches, parallel
to-serial converters, encode/decode functions, high 
speed shift registers, bit error rate computation and • 
divide-down counters can easily be assembled to 
operate in conjunction with the phase-locked loop to 
meet specific application needs. 
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AMCC 
DEVICE ARCHITECTURE 020000 "TURBO" + PLL 

DIGITAL LOGIC 

The 020000 Series is the industry's first ECL logic 
array family to utilize a channelless architecture 
called Sea-of-Cells™. The Sea-of-Cells organization 
eliminates the dedicated routing channels between 
cells thereby doubling the core density. Utilization is 
maintained at greater than 95% due to three layer 
metal interconnect and AMCC's state-of-the-art 
place and route system. A full complement of SSI 
and MSI macros is offered with low power, standard 
and high speed options. For more information on the 
020000 'TURBO" + PLL digital logic, see the AR
CHITECTURE and LOGIC CELL FUNCTIONS para
graphs in this section of the data book (pages 11-15 
and 11-16). 

To minimize noise injection from the core logic into 
the PLL section of the device, all core logic must be 
operated synchronously with the PLL. 

Figure 11. Phase-Locked Loop Block Diagram 
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PHASE-LOCKED LOOP MACROS 

A selection of clock synthesis and clock recovery 
macros are available for the on-chip phase-locked 
loop. PLL center frequencies of 1000, 1062, 1244 
and 1250 MHz are available with user selectable di
vide ratios of 1, 2, 4, and 8. This results in speed 
options of 125, 133, 155, 250, 266, 311, 500, 531, 
622, 625, 1000, 1062, 1244 and 1250 MHz that are 
available to operate synchronously with the logic in 
the digital portion of the array. Additional frequency 
options can be created to meet specific design re
quirements. AMCC defined loop filter components 
for each frequency option have been established for 
applications with divide ratios up to 500, transition 
densities from 30% to 70%, and run lengths up to 
64-bit times. Lock detect, local and link loopback 
features are also supported in any of these configu
rations. 

___ l ____ 
I I 
I I 
I I 
I Loop I 
I I 
I Filter I 
! I 

' I 
I I 

'---- ---.J 

Voltage Controlled ll. 
Oscillator (VCO) 
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AMCC 
020000 "TURBO" + PLL DEVICE ARCHITECTURE 

ENCODING/DECODING 

High speed datacom and telecom applications fre
quently require a standard encoding scheme to en
sure favorable bit stream characteristics and 
inter-operability. AMCC offers an encoder/decoder 
scheme implemented using standard macro library 
components. Popular in datacom applications, IBM's 
8B/1 OB encoding scheme offers DC-balance and 
short run lengths in an efficiently architected imple
mentation. The 8B/1 OB macros are available under a 
licensing and nondisclosure agreement. CMI encod
ing and decoding blocks, especially popular in 
telecom applications where copper is the transmis
sion medium, are available as well. Other encoding 
and decoding schemes can easily be designed as 
needed using the digital portion of the Q20P01 O and 
Q20P025 arrays. 

Figure 12. Representative Transmitter Block Diagram 
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FLEXIBLE 1/0 STRUCTURE 

The Q20P01 O and Q20P025 array 1/0 cells are 
configurable to provide a flexible range of interface 
options. The 1/0 cells are designed to interface with 
standard (-5.2V or 4.5V) and positive reference 
(+5V) ECL 10KH and ECL 100K or TTL thresholds. 
The mixed ECL/TTL capabilities allow interface to 
both technologies on a single chip without the use of 
external translators. For dual power supply devices, 
the 1/0 is also capable of a Darlington-type ECL out
put which provides significant improvement in drive 
capability, toggle frequency, and power dissipation 
over standard ECL outputs. 

--+""""- Pin 
--+Amiy Ccmecllon 

(E) ECL 

mm 

Rel Cle Out [REFCKOUT] 

Sarfal Clk Out [SERCLKOP] 
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AMCC 
ON-CHIP PLL OVERVIEW 020000 "TURBO"+ PLL 

PHASE-LOCKED LOOP 

The basic phase-locked loop components are shown 
in the PLL block diagram (Figure 11 ). The loop con
sists of a phase detector, which compares the phase 
difference between the VCO and the reference input, 
a loop filter, which converts the phase detector out
put into a smooth DC voltage, and the VCO, which 
generates a frequency based on its input voltage. 

PLL building blocks differ for clock synthesis and 
clock recovery. This is due in large part to the differ
ences in reference inputs to the phase detector. In 
the case of the clock synthesis PLL (see Figure 12), 
the reference input is a very stable crystal-based 
source. For clock recovery from a serial data stream 
(see Figure 13), the reference input has varying tran
sition density; i.e., different run lengths of 1 's and O's 
with short term frequency variations. Since the loop 
filter generates a control voltage for the VCO input 
based on the output of the phase detector, different 
sets of loop filter components must be specified for 
clock synthesis versus clock recovery applications. 

Figure 13. Representative Receiver Block Diagram 
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In addition, appropriate filter components will be re
quired for different encoding schemes, acquisition 
time requirements and system noise environments. 
AMCC provides selectable sets of on-chip resistors 
and capacitors appropriate for specific system condi
tions. 

SPECIAL FEATURES 

Lock Detect 

For clock recovery macros, lock detect indicates the 
phase state of the PLL relative to the incoming data 
stream. Control pins from the core logic area permit 
lock detect to be indicated after 512, 1024, 2048, or 
4096 bit times depending upon loop filter param
eters. On CRU macros, if the serial data inputs have 
an instantaneous phase jump, the CRU will not indi
cate out-of-lock state, but will recover correct phase 
alignment within the pre-loaded bit times. 

For the CSU macro, lock detect indicates the phase 
state of the PLL relative to the incoming reference clock. 

2 

2 

v 

Roi Cl< Out 

Lock Detect 

[REFCKOUT] 

[LOCKDET] (T) 

[LOCKDETA) 

Tall Clock En. [TESTEN] 

Serial Clock Out [SERCLKOP) 

Four k Out [FRKCNT] 

Link Loop Clock 0111 (lKLPCKOPIN] (El 

sertat Dela 0111 [SERDATOP] 

Link Loop Data Out (lKLPDTOPIN] (E) 
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LOOPBACK MODE 

Localloopback 

Local and link loopback are supported for both 
datacom or telecom applications. Local loopback re
quires both a transmit chip and a receive chip. When 
enabled, serial encoded data from the transmit chip 
is sent to the receive chip where the clock is ex
tracted and the data decoded. The parallel data out
put by the receiver is then sent to the subsystem for 
verification. This loopback mode provides the capa
bility to perform offline testing of the interface to 
guarantee the integrity of the serial channel before 
enabling the transmission medium, and allows sys
tem diagnostics. 

Link Loopback 

Link loopback provides a means for link testing. 
When link loopback mode is enabled, the transmitter 

Figure 14. Loopback Diagram 
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CLK 
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accepts serial clock and data from the receiver chip. 
The serial data is reclocked using the link loopback 
clock to minimize the data distortion and then trans
mitted via the serial data output pins. Link loopback 
can also be used to implement a repeater function. 
In this case, clock jitter and data distortion will deter
mine the allowable number of repeaters in the path. 

TEST/BYPASS MODE 

Clock recovery and clock synthesis macros have 
testability input pins to aid in functional testing or 
PLL clock bypass tests. "Test Clock Enable" places 
the macros into test mode. An externally generated 
clock can then be input via the reference clock in
puts. The PLL clock bypass path is typically capable 
of operating at up to 1 .25 GHz to allow at speed 
testing of the chip functions, or for applications in 
which a user selectable external clock signal needs to 
be supported. 

Data Out 

Receiver CLK 

-I 
I 
I 

..l<: ..l<: 
I 0 0 
I (ii ctl ..l<: ctl 
I 0 ..C c: ..c 
1.9 g. ·- 0. ....I 0 
I .9 .3 
I 
I 
I 

Transmitter 
Data In 

Control 
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Clock Synthesis Macros 

The clock synthesis PLL will generate a high fre
quency clock in phase with the input reference. A 
typical frequency multiplication factor is 20, and mul
tipliers as high as 500 have been implemented. Criti
cal parameters for the clock synthesis PLL are jitter 
and accuracy. AMCC loop filter components are set 
to optimize the loop for minimum phase jitter and 
maximum accuracy, with less emphasis on acquisi
tion time. Loop filter parameters can be varied by 
AMCC on a custom basis. 

Specifications 

Input Reference Frequency - The input reference 
frequency can be a selected divide ratio of the syn
thesized clock frequency. 

Reference Clock Jitter - The reference clock 
needs to be generated from a stable source such as 
a crystal oscillator. The allowable rms jitter cannot 
exceed .04% of the reference clock pulse width. 

Input Reference Stability - The reference clock 
stability should be better than 100 ppm. 

Acquisition Time - The loop acquisition time will 
depend on the loop filter parameters. (1.0 µs to 10 
µs values are typical). 

Edge jitter - The output edge jitter will depend on 
the loop filter parameters. (50 to 100 ps (pk-pk) val
ues are typical). 

Supply Voltage Sensitivity - Power supply noise 
rejection will be between 40 and 60 dB depending 
on the noise spectrum. 

Clock Recovery Macros 

The clock recovery PLL will generate a clock which 
is at the same frequency and 180 degrees out of 
phase with the serial data input. This generates 
clock and data outputs from the incoming serial bit 
stream which feeds the subsequent parallel conver
sion. An external clock reference is used to reduce 
initial acquisition time and to provide stability in the 
absence of serial data. The filter parameters are set 
to optimize the loop for the anticipated serial data 
input characteristics. These include: maximum run 
length and transition density of 1 's or O's, and the 
jitter associated with the fiber optic link. Loop filter 
parameters can be varied on a custom basis by 
AMCC. 
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Specifications 

Input Reference Frequency - The input reference 
frequency can be a selected divide ratio of the VCO 
clock frequency. The maximum divide ratio is 500. 

Reference Clock Jitter - The reference clock 
needs to be generated from a stable clock source 
such as a crystal oscillator. For maximum perfor
mance rms jitter should not exceed .04% of the ref
erence clock pulse width. 

Input Reference Stability - The reference clock 
stability should be less than 100 ppm. 

Acquisition Time - The loop acquisition time will 
depend on the loop filter parameters. (1.0 µs to 10 
µs values are typical) 

Edge Jitter - The edge jitter will depend on the 
loop filter parameters and the serial data input speci
fications. (50 ps to 100 ps (pk-pk) values are typical) 

Supply Voltage Sensitivity - Power supply noise 
rejection will be between 40 and 60 dB depending 
on the noise spectrum. 

Data Rate - The possible serial data rates from 
which a clock can be recovered will be grouped 
around the VCO center frequency, with integer di
vide ratios of 1, 2, 4, 8, etc. 

Allowed Data Jitter - The allowed input data jitter 
will be a function of the required acquisition time, 
along with the loop filter parameters, data rate, and 
bit error rate. The jitter specification includes duty 
cycle distortion, random jitter and data dependent 
jitter. 

Pull In Range - The pull in range of the VCO is ±6%. 

Bit Error Rate - Bit error rates of 10-12 or lower 
are achievable. 

Applied Micro Circuits Corporation 
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HIGH SPEED VO CONNECTIONS 

The high speed ECL compatible differential inputs in 
both the CRU and CSU macros have a built in 1 oon 
termination resistor across the differential pair, elimi
nating terminating components in loopback and data 

paths and ensuring low jitter interfaces. Figure 15 
shows some examples of high speed CSU/CRU in
put and output connections. 

Figure 15. High Speed Input and Output Applications 

-------. CSU LPDATOP to CRU LPDATIP 
CRU LKLPCLOP to CSU LKLPCKIP 
CRU LKLPDTOP to CSU LKLPDTIP 

------
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Trans. 
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PACKAGING 

The 020000 "TURBO" + PLL arrays are available in 
a range of standard packages including plastic, ther
mally enhanced plastic {EDQUAD), and surface
mountable ceramic chip carriers. Packages have 
been custom designed as necessary to offer con
trolled impedance on high speed signal lines and 
minimum digital noise injection to the PLL area. 
Table 17 provides a matrix illustrating many of the 
packages available for these products. Other pack
aging options are available on an as needed basis. 
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Table 17. 020000 "TURBO" + PLL Family Pack
aging Matrix 

PKG DESCRIPTION/ 
DIE NAME 

Plastic 44 PLCC 

Plastic 44 PLCC/EDQUAD 

Plastic 68 PLCC 

Plastic 68 PLCC/EDQUAD 

Plastic 52 TQFP/EDQUAD 

Plastic 80 PQFP/EDQUAD 

Plastic 100 PQFP/EDQUAD 

Plastic 120 PQFP/EDQUAD 

Ceramic 68 LDCC 

Ceramic 100 LDCC 

Ceramic 132 LDCC 

x 
x 
x 
x 
x 
x 
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TIMING VERNIER PD01S 

The PD01 S is a programmable delay macro in the 
020000 ''TURBO" family that provides a timing genera
tion or deskew function for precision timing applications 
such as ATE, instrumentation, clock distribution, and 
high speed busses. 

Key features of the PD01 S include: 

• Up to 30 delay lines per array possible 

• Local macro voltage regulation for superior 
crosstalk performance 

• Cascadable for greater delay range 

• 64 core cells in size 

• Ring oscillator mode for testability 

• 7 decode bits for 127 selectable delay steps 

A differential signal is applied to input pins A/AN, is 
modified with the addition of a delay specified by the 
binary input address pins 0[6:0], and emerges at out
put pins Y/YN. The test enable input (TE) is held high 
for normal operation. When the TE input is set low to 
put the vernier into the test mode, the Y/YN output is 
internally inverted and fed back to the A/AN input. This 
allows the PD01S to function as a ring oscillator and 
enables operation verification. Changing the binary 
code of address pins 0[6:0], changes the frequency of 
oscillations of the PD01S macro, allowing for convenient 
testing of accuracy through delta frequency measure
ments. 

Table 18. Performance Summary 
PD01S PD02S 

Delay Step Resolution (typ) 40 ps 320 ps 

Delay Step Resolution (max) 60 ps 340ps 

Minimum delay range 2.1 ns 1.8 ns 

IEE (typ) 40mA 21 mA 

Max frequency 400 MHz 400 MHz 

Minimum pulse width 1.25 ns 1.25 ns 

Minimum propagation delay 2.0 ns 1.0ns 

Linearity to D1 ? YES 

Monotonic? YES YES 

Applied Micro Circuits Corporation 
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Figure 16. Functional Block Diagram 

------------ ----------------------------! 

y 
Programmable Delay 

YN 

TE DO 01 02 03 04 05 06 

VERNIER CHARACTERISTICS 

• (Y,YN) = (A,AN) 

• NOMINAL DELAY= (20*00 + 40*01+80*02 + 
160*03 + 320*04 + 640*05 + 1280*06 
+2000)ps 

• TE= Low, Puts PD01 S into Ring Oscillator 
Mode 

• TE = High, Normal Mode 

TIMING VERNIER PD02S 

The PD02S is a programmable delay macro with 
identical characteristics to the PD01 S, but it does not 
include the three least significant bits. It is designed 
to be cascaded to the PD01 S, thereby adding steps 
and increasing the delay range of the vernier while 
keeping the functionality identical. 

Key features of the PD02S include: 

• Up to fifteen 4 ns verniers (PD01 S + PD02S) per 
array possible 

• Local macro voltage regulation for superior 
crosstalk performance 

• Can be cascaded with additional PD02 macros 
to add delay in 2ns (typ) increments 

A differential signal is applied to input pins A/AN, 
and outputs Y/YN drive the A/AN inputs of a PD01 S 
or another PD02S macro. An incremental delay is 
added by the PD02S which is specified by the binary 
input address pins 0[6:3], and the signal emerges at • 
outputs Y /YN. 
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APPLICATION EXAMPLE 
Requirements: 5ns span, 20ps typical delay resolu
tion, 60ps worst case delay resolution. 

Solution: 1 PD01 S cascaded with 2 PD02S macros. 
See Figure 17. 

Figure 17. Timing Vernier Applications Example 
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020000 "TURBO" ECL/TTL LOGIC ARRA VS 

DESIGN INTERFACE 

AMCC has structured its circuit design interface to pro
vide maximum flexibility while ensuring design correct
ness. For implementations using a Mentor workstation, 
AMCC provides MacroMatrix software. MacroMatrix 
works in conjunction with Mentor 8.X to provide the fol
lowing capabilities: 

• Schematic Capture 

Logic Simulation 

Pre-Layout Delay Estimation (Front Annota 
tion) 

Array and Technology-Specific Rules 
Checks (ERCs) 

Estimated Power Computation 

Layout Netlist Generation 

Post-Layout Timing Verification (Back Annota 
tion) 

Graphical Floor Planning (IPL) 

Dynamic Timing and Test Vector Analysis 
(RaceCheck ™) 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

Upon submission of the design database to AMCC, a 
comprehensive review of the circuit is performed mak
ing use of the very same EWS and MacroMatrix tools 
used by the designer. No "golden simulator'' is em
ployed to verify the timing of the design. No translation 
of the logic data is required so the chance of non 
design-related errors is virtually eliminated. 

AMCC DESIGN SERVICES 

AMCC also provides a number of additional support 
services including: 

• A continually updated Website located at 
www.amcc.com 

Local and factory applications engineering 
support 

• Thorough design documentation 

• Full design implementation - Turnkey 
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Table 19. Recommended Operating Conditions-Commercial 
Parameter Min Nom Max Units 

ECL Supply Voltage" 
(V.,) Vee= 0 
10K, 10KH Mode -4.94 -5.2 -5.46 v 
100K Mode -4.2 -4.5 -4.83 v 

ECL Input Signal 1.0 3.0 ns 
Rise/Fall Time 

ECL Input Voltage -2.0 v 
TIL Supply Voltage (V eel' 4.75 5.0 5.25 v 
PECL Supply Voltage 4.75 5.0 5.25 v 
TIL Output Current 

Low (1,,.) 20 mA 

Operating Temperature 0 70 ·c 
(ambient) (ambient) 

Junction Temperature 130 ·c 

7ibl20R a e ecommen d dO e iperattf!.9. c d" MT on 1t1ons- 11tary 
Parameter Min Nom Max Units 

ECL Supply Voltage'·' 
(V,,) Vee= 0 
1 OK, 1 OKH Mode -4.7 -5.2 -5.7 v 
100K Mode -4.5 -4.5 -4.83 v 

ECL Input Signal 1.0 3.0 ns 
Rise/Fall Time 

TIL Supply Voltage (V eel' 4.5 5.0 5.5 v 
PECL Supply Voltage 4.75 5.0 5.25 v 
TIL Output Current 

Low (IOL) 20 mA 

Operating Temperature -55 125 ·c 
(ambient) (case) 

Junction Temperature 150 ·c 

Table 21. Absolute Maximum Ratings4 

ECL Supply Voltage VEE (Vee= 0) -8.0 VDC 

ECL Input Voltage (V cc= 0) GND to-2.0 V 

ECL Output Source Current 
-50mA DC (continuous) 

TTL Supply Voltage (VEE= O) 7.0V 

TTL Input Voltage V cc (VEE= 0) 5.5V 

Operating Temperature 
-55°C (ambient) to 

+125°C (case) 

Operating Junction Temperature TJ +150°C 

Storage Temperature -65°C to + 1 so0 c 

1 Power sequencing is required on all dual supply ECLJTTL circuits. The positive supply must be 
turned on at least 30 ms before the negative supply. 

2 For ECL circuits using a Vn =Vee - 2V termination supply externally, this supply should be 
turned on at least 30 ms after the Vee supply. 

3 -5.7V is possible. Consult AMCC for ECL 100K DC parametric operating at this voltage. 

4 Long term exposure at these limits may result in permanent change or damage to the circuits. 

Actual circuit operation at these conditions is not recommended nor implied. 

Applied Micro Circuits Corporation 
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Table 22. AC Electrical Characteristics 

COM MIL 

Symbol Parameter 
Test o·c1+1o·c -ss·c1+12s·c Unit 

Conditions 
Min Max Min Max 

t1P0-EGL EGL Input Propagation Delay Including Buffer IE94S 59 263 57 281 ps 

t,P0-TTL TTL Input Propagation Dealy Including Buffer IT50H 93 535 65 602 ps 

t0 P0-EGL EGL Output Propagation Delay - Darlington OK40S No Load 185 340 157 356 ps 

t0 P0-TTL 
TTL Output Propagation 

Standard OT67S No Load 2213 4292 2056 4375 ps 
Delay 

Internal Equivalent Gate Low Power 120 250 120 250 ps 
tFPD Delay Standard 105 175 105 175 ps 

F maxi Internal Flip/Flop Toggle Freq. High Speed 1.25 1.25 GHz 

Single-Ended 600 600 MHz 

F,"·EGL 
EGL Input Frequency at Differencial High 

800 800 MHz 
Package Pin' Speed 

Driver 1.25 1.25 GHz 

Single-Ended 350 350 MHz 

EGL Output Frequency at Differencial 1.25 1.25 GHz 
F0, 1-EGL Package Pin' Darlington 600 600 MHz 

GML 1.25 1.25 GHz 

TTL Input Frequency at Standard 60 60 MHz 
F-TTL 

'" Package Pin' High Speed 100 100 MHz 

TTL Output Frequency at Low Power 20 20 MHz 
F0, 1-TTL 

Package Pin Standard 80 45 MHz 

Table 23. ECL 10K Input/Output DC Characteristics VEE= -5.2V1 

Tc ... 
Unit 

-55"G o·G 25·G 70"G 125"C 

VOHmax 
3 vcc·850 vcc·770 vcc·730 vcc·650 vcc·575 mV 

VIHmax 
s Vcc·800 vcc·720 Vcc·680 vcc·600 Vcc·525 mV 

VOHmin 
3 vcc·1080 vcc·1000 vcc-980 vcc·920 vcc-850 mV 

VIHmin 
s Vcc·1255 vcc·1145 vcc·1105 vcc·1045 Vcc·1000 mV 

vtlmax 
s Vcc·1510 vcc·1490 vcc·1475 vcc·1450 vcc·1400 mV 

Vatmox vcc·1655 vcc·1625 vcc·1620 vcc·1585 Vcc·1545 mV 

VOLmin vcc·1980 vcc·1980 vcc·1980 vcc·1980 vcc·1980 mV 

vllmin5 vcc·2000 vcc·2000 Vcc·2000 vcc·2000 vcc·2000 mV • 
11" 2 (max) 30 30 30 30 30 µA 

l1L2 (max) -.5 -.5 -.5 -.5 -.5 µA 

Applied Micro Circuits Corporation 
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Table 24. ECL 100K Input/Output DC Characteristics VEE= -4.5 V3 
Comm 0·1+1o·c MIL ·55"/+125"C 

Symbol Parameter Test DC Conditions Unit 
Min Typ Max Min Typ Max 

VOH Output Voltage HIGH Loading is 50 Ohms to -2V vee·1053 Vcc·850 vee·1080 Vcc·835 mV 

V°'- Output Voltage LOW Loading is 50 Ohms to -2V vee·1830 Vcc·1605 vee·1880 vee·1595 mV 

VIHmln 
5 Input Voltage HIGH Maximum input voltage HIGH vee·1145 Vcc·800 vee·1145 vee·800 mV 

vllmax 
5 Input Voltage LOW Maximum input voltage LOW Vcc·1950 vee·1475 Vcc·1950 vee·1475 mV 

I ' L Input LOW Current v,N = v,"""' -0.5 -0.5 µA 

I ' H Input HIGH Current VIN=V,"""' 30 30 µA 

Table 25. TTL Input/Output DC Characteristics 

Comm 0"/+70"C Mil -55"/+125"C 
Symbol Parameter Test DC Conditions Unit 

Min Typ• Max Min Typ• Max 

VIHS Input HIGH Voltage 
Guaranteed input HIGH 

2.0 2.0 v 
voltage for all inputs 

VILS Input LOW Voltage 
Guaranteed input LOW 

0.8 0.8 v 
voltage for all inputs 

v,. Input clamp diode voltage Vee= Min, 11" = -18 mA -.8 -1.2 -.8 -1.2 v 

VOH Output HIGH Voltage Vee= Min, 10 " = -1 mA 2.7 3.4 2.4 3.4 v 

1 10 , =4 mA 0.4 0.4 v 
VOL Output LOW Voltage Vee= Min 

l 10 , = 20 mA 0.5 0.5 v 

IOZH 
Output "off current HIGH 

Vee= Max, V0 l!T = 2.4V -50 50 -50 50 µA 
(3-state) 

IZOL 
Output "off" current LOW 

Vee+ Max, V0 l!T = 0.4V -50 50 -50 50 µA 
(3-state) 

llH Input HIGH current Vee= Max, V1N = 2.7V 50 50 µA 

1, Input HIGH current at MAX v cc = Max, v,N = 5.5V 1.0 1.0 mA 

llL6 Input LOW current v cc = Max, v,N = 0.5V -0.4 -0.4 mA 

los Output short circuit current Vee= Max, V0 ,,, = 0.5V -25 -100 -25 -100 mA 

1 Data measured with VEE= -5.2 ± .1V (or Vee= 5.0 ± .1V for +5V ref. ECL 10K) assuming a +50°C rise between ambient (Ta) and 
junction temperature (TJ) for -55°C, 0°C, +25°C and +70°C, and a +25°C rise for +125°C. Specifications will vary based upon TJ. See 
AMCC Packaging and Design Guides concerning VoH and VoL adjustments associated with TJ for packages and operating conditions. 

2 Per fan-in. 
3 Data measured at thermal equilibrium, with maximum TJ not to exceed recommended limits. See AMCC Packaging Guide to compute TJ 

for specific package and operating conditions. For +5V ref. ECL 100K, VoH and VoL specifications will vary based upon power supply. 
See AMCC Design Guide for adjustment factors. 

4 Typical limits are at 25°C, Vee= 5.0V. 
s These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. Use extreme care in 

defining input levels for dynamic testing. Many outputs may be changed at once, so there will be significant noise at the device pins and 
they may not actually reach V1L or V1H until the noise has settled. AMCC recommends using V1L'50.4V and V1H;;,2.4V for dynamic TTL 
testing and V1LMIN and V1HMAX for ECL testing. 

s For standard speed options only. 
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Longmont, CO 80501 
Tel: 303/772-3342 
Fax: 303/772-8783 

Luscombe Engineering Co. 
6239 Northwoods Glenn Drive 
Parker, CO 80134 
Tel: 303/841-7478 
Fax: 303/841-7328 

CONNECTICUT 
Dynamic Technologies 
33 North Cove Road 
Old Saybrook, CT 06475 
Tel: 860/388-0130 
Fax: 860/388-9406 

DELAWARE 
Delta Technical Sales, Inc. 
122 North York Road 
Suite 9 
Hatboro, PA 19040 
Tel: 215/957-0600 
Fax: 215/957-0920 

FLORIDA 
Mega Technologies, Inc. 
1600 Sarno Road 
Suite 21 
Melbourne, FL 32935 
Tel: 407/752-6767 
Fax: 407/752-7484 

Southeast 
Applied Micro Circuits Corp. 
79 Alexander Drive 
Bldg. 4401, Suite 253 
P.O. Box 14088 
Research Triangle Park, NC 
27709 
Tel: 919/558-2003 
Fax: 919/558-2004 

Mega Technologies, Inc. 
815 NE 1st Court 
Delray Beach, FL 33483 
Tel: 407/278-6513 
Fax: 407/278-6549 

Mega Technologies, Inc. 
2510 Cypress Bend Drive 
Clearwater, FL 34621 
Tel: 8131797-8222 
Fax: 813/797-8315 

Mega Technologies, Inc. 
8637 Pisa Dr. 
Suite 1022 
Orlando, FL 3281 O 
Tel: 407/475-0623 
Fax:407/475-0625 

GEORGIA 
Glen White Associates 
2444 Highway 120 
Suite 101 
Duluth, GA 30155 
Tel: 770/418-1500 
Fax: 770/418-1660 

IDAHO 
Delta Technical Sales, Inc. 
15050 SW Koll Parkway 
Suite 2D 
Beaverton, OR 97006 
Tel: 503/646-7747 
Fax: 503/643-9717 
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ILLINOIS MARYLAND 
Phase II Marketing, Inc. DGR, Incorporated 
2260 Hicks Road 22 West Padonia Road 
Suite 410 Suite B 317 
Rolling Meadows, IL 60008 Timonium, MD 21093 
Tel: 847/577-9401 Tel: 410/453-0969 
Fax: 847/577-9491 Fax: 410/453-6199 

Customer 1st, Inc. MASSACHUSETTS 
10540 Marty 

Comp Rep Associates Suite 200N 
Overland Park, KS 66212 100 Everett Street 

Tel: 913/385-0390 Westwood, MA 02090 

Fax: 6121962-7907 Tel: 617/329-3454 
Fax: 617/329-6395 

IN DIANA 
MICHIGAN 

Century Technical Sales, Inc. Century Technical Sales, Inc. 
3520 W. 86th Street 43422 West Oaks Drive 
Suite 260 Suite 270 
Indianapolis, IN 46268 Novi, Ml 48377 
Tel: 317/876-0101 Tel: 810/344-2550 
Fax: 317/875-5566 Fax: 810/344-2815 

IOWA MINNESOTA 
Customer 1st Customer 1st 
2950 Metro Drive 2950 Metro Drive 
Suite 101 Suite 101 
Bloomington, MN 55425 Bloomington, MN 55425 
Tel: 6121851-7909 Tel: 6121851-7909 
Fax: 6121851-7907 Fax: 6121851-7907 

KANSAS MISSISSIPPI 
Customer 1st, Inc. Glen While Associates 
10540 Marty 3322 S. Memorial Pkwy. 
Suite 200N Suite 40 
Overland Park, KS 66212 Huntsville, AL 35801 
Tel: 913/385-0390 Tel: 205/882-6751 
Fax: 612/962-7907 Fax: 205/880-2750 

KENTUCKY MISSOURI 
Century Technical Sales, Inc. Customer 1st, Inc. 
845 Lane Allen Road 10540 Marty 
Suite 13 Suite 200N 
Lexington, KY 40504 Overland Park, KS 66212 
Tel: 606/276-3164 Tel: 913/385-0390 
Fax: 606/276-4033 Fax: 612/962-7907 

ERA, Inc. MONTANA 
354 Veterans Memorial Hwy. 
Cammack, NY 11725 Delta Technical Sales, Inc. 
Tel: 516/543-0510 15050 SW Koll Parkway 
Fax: 516/543-0758 Suite 2D 

Beaverton, OR 97006 

MAINE Tel: 503/646-7747 
Fax: 503/643-9717 

Comp Rep Associates 
100 Everett Street NEBRASKA 
Westwood, MA 02090 
Tel: 617/329-3454 Customer 1st, Inc. 
Fax: 617/329-6395 10540 Marty 

Suite 200N 
Overland Park, KS 66212 
Tel: 913/385-0390 
Fax: 612/962-7907 
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NEVADA NORTH CAROLINA 
Quatra Associates, Inc. Glen White Associates 
1 0235 S. 51 st Street 6070J Six Forks Road 
Suite 160 Raleigh, NC 27609 
Phoenix, AZ 85044 Tel: 919/848-1931 
Tel: 602/753-5544 Fax: 919/847-3294 
Fax: 602/753-0640 

Glen White Associates 
Centaur North 13420 West Reese Blvd. 
2890 Zanker Road, Suite 203 Huntersville, NC 28078 
San Jose, CA 95134 Tel: 704/875-3777 
Tel: 408/894-0182 Fax: 704/875-3843 
Fax: 408/894-0178 

NORTH DAKOTA 
NEW HAMPSHIRE Customer 1st 
Comp Rep Associates 2950 Metro Drive 
100 Everett Street Suite 101 
Westwood, MA 02090 Bloomington, MN 55425 
Tel: 617/329-3454 Tel: 612/851-7909 
Fax: 617/329-6395 Fax: 6121851-7907 

NEW JERSEY OHIO 
(Southern New Jersey) Century Technical Sales, Inc. 
Delta Technical Sales, Inc. 8977 Columbia Road 
122 North York Road SuiteG 
Suite 9 Loveland, OH 45140 
Hatboro, PA 19040 Tel: 513/677-5088 
Tel: 215/957-0600 Fax: 513/677-1775 
Fax: 215/957-0920 

Century Technical Sales, Inc. 
(Northern New Jersey) 24600 Center Ridge Road 
ERA, Inc. Suite 120 
354 Veterans Memorial Hwy. Westlake, OH 44145 
Cammack, NY 11725 Tel: 216/808-9171 
Tel: 516/543-0510 Fax: 216/871-9681 
Fax: 516/543-0758 

Century Technical Sales, Inc. 
NEW MEXICO 6161 Busch Blvd. #110 

Columbus, OH 43229 
Quatra Associates, Inc. Tel: 614/433-7500 
600 Autumnwood Place S.E. Fax: 614/433-9085 
Albuquerque, NM 87123-4347 
Tel: 505/296-6781 
Fax: 505/292-2092 OKLAHOMA 

Logic 1 Sales, Inc. 
NEW YORK 101 W. Renner Road 

Suite 190 
Quality Components Richardson, TX 75082 
116 Fayette Street Tel: 972/234-0765 
Manlius, NY 13104 Fax: 9721669-3042 
Tel: 315/682-8885 
Fax: 315/682-2277 OREGON 
Quality Components Delta Technical Sales, Inc. 
500 Helendale Road 15050 SW Koll Parkway 
Suite 125 Suite2D 
Rochester, NY 14609 Beaverton, OR 97006 
Tel: 716/288-3420 Tel: 503/646-7747 
Fax: 716/288-3484 Fax: 503/643-9717 

ERA, Inc. 
354 Veterans Memorial Hwy. 
Commack, NY 11725 
Tel: 516/543-0510 
Fax: 516/543-0758 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



PENNSYLVANIA 
Century Technical Sales, Inc. 
10592 Perry Hwy, Suite 217 
Wexford, PA 15090 
Tel: 412/934-2326 
Fax: 4121934-3031 

(Eastern Pennsylvania) 
Delta Technical Sales, Inc. 
122 North York Road 
Suite 9 
Hatboro, PA 19040 
Tel: 215/957-0600 
Fax: 215/957-0920 

RHODE ISLAND 
Comp Rep Associates 
100 Everett Street 
Westwood, MA 02090 
Tel: 617/329-3454 
Fax: 617/329-6395 

SOUTH CAROLINA 
Glen White Associates 
13420 West Reese Blvd. 
Huntersville, NC 28078 
Tel: 704/875-3777 
Fax: 704/875-3843 

Applied Micro Circuits Corporation 

SOUTH DAKOTA Logic 1 Sales, Inc. 

Customer 1st 
4606 FM 1960 West 
Suite 320 

2950 Metro Drive Houston, TX 77069 
Suite 101 Tel: 713/444-7594 
Bloomington, MN 55425 Fax: 713/444-8236 
Tel: 6121851-7909 
Fax: 6121851-7907 UTAH 

TENNESSEE First Source 

Glen White Associates 
8341 S. 700 East 

3322 S. Memorial Pkwy. 
Sandy, UT 84070 
Tel: 801/561-1999 

Suite 40 Fax: 801/561-4525 
Huntsville, AL 35801 
Tel: 205/882-6751 

VERMONT Fax: 205/880-2750 
Comp Rep Associates 

TEXAS 100 Everett Street 

Logic 1 Sales, Inc. 
Westwood, MA 02090 
Tel: 617/329-3454 

101 W. Renner Road Fax: 617/329-6395 
Suite 190 
Richardson, TX 75082 VIRGINIA Tel: 972/234-0765 
Fax: 972/669-3042 DGR, Incorporated 

22 West Padonia Road 
Logic 1 Sales, Inc. Suite B 317 
9111 Jollyville Road Timonium, MD 21093 
Suite 112 Tel: 410/453-0969 
Austin, TX 78759-7433 Fax: 410/453-6199 
Tel: 5121345-2952 
Fax: 512/346-5309 

NORTH AMERICAN DISTRIBUTOR 

Insight Electronics 
1-800-677-6011ext.94 
http://www.ikn.com 

6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 

AMCC \ 
SALES INFORMATION 

WASHINGTON 
Delta Technical Sales, Inc. 
11911 N.E.1stStreet 
Suite 204 
Bellevue, WA 98005 
Tel: 206/688-0812 
Fax: 206/688-0813 

WASHINGTON, D.C. 
DGR, Incorporated 
22 West Padonia Road 
Suite B 317 
Timonium, MD 21093 
Tel: 410/453-0969 
Fax: 410/453-6199 

WISCONSIN 
Phase II Marketing, Inc. 
205 Bishops Way 
Suite 220 
Brookfield, WI 53005 
Tel: 414/797-9986 
Fax: 414/797-9935 

(Western Wisconsin) 
Customer 1st 
2950 Metro Drive 
Suite 110 
Bloomington, MN 55425 
Tel: 6121851-7909 
Fax: 6121851-7907 

• 
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UNITED KINGDOM 
AMEGA Electronics, LTD. 
Loddon Business Centre 
Roentgen Road, 
Daneshill East 
Basingstoke 
Hanis RG24 8NG 
United Kingdom 
Tel: 44-1256-305330 
Fax: 44-1256-305335 

ITALY 
ACSIS s.r.I. 
Via Alberto Mario, 26 
20149 Milano, Italy 
Tel: 39-248022522 
Fax: 39-248012289 

ESCO ltaliana SPA 
Viale Fratelli Casiraghi, 355 
Sesto San Giovanni 
20099 Milano, Italy 
Tel: 39-2-2409241 
Fax: 39-2-2409255 

FRANCE 
A2M 
Siege Social 
5 rue Carle Vernet 
92315 Sevres Cedex 
France 
Tel: 33-1-46-237903 
Fax: 33-1-46-237923 

FINLAND 
Yleiselektroniikka Oy 
Luomannotko 6 
FIN-02201 ESPOO 
Finland 
Tel: 358-9-4526-21 
Fax: 358-9-4526-2202 

GERMANY 
Tekelec Airtronic GmbH 
Kapuzinerstrasse 9 
80337 Munich 
Germany 
Tel: 49-89-51640 
Fax: 49-89-535129 

12-6 

INTERNATIONAL SALES REPRESENTATIVES 

NORWAY 
Bit Elektronlkk A/S 
Smedvingen 4 
P.O. Box 194 
1360 Nesbru 
Norway 
Tel: 47-66-98-13-70 
Fax: 47-66-98-13-71 

SWITZERLAND/ 
AUSTRIA 
lxlogicAG 
Badenerstrasse 808 
CH-8048 
Zurich, Switzerland 
Tel: 41-1 434-78-19 
Fax: 41-1 434-78-10 

DENMARK 
Dan-Contact 
Brogaardsveg 48 
DK-2820 Gentofte 
Denmark 
Tel: 45-39-683633 
Fax: 45-39-683362 

NETHERLANDS/ 
BELGIUM 
Tekelec Airtronic B.V. 
Ypsilon House 
Engelandlaan 310 
2711 DZ Zoetermeer 
Nederland 
Tel: 31-79-3461430 
Fax: 31-79-3417504 

SWEDEN 
DipCom Electronics 
Torshamnsgatan 35 
Box 1230 
S-16428 KISTA 
Sweden 
Tel: 46-8-7522480 
Fax: 46-8-7513649 

AUSTRALIA 
Insight Electronics Ply. Ltd. 
Melbourne 
Unit 2, 14 Melrich Road 
Bayswater, Victoria 3153 
Australia 
Tel: 61-3-9761-3455 
Fax: 61-3-9761-3415 

NEW ZEALAND SINGAPORE/ 
Insight Electronics Ply. Ltd. MALAYSIA/ 
Auckland THAILAND 
Unit 7, 110 Mays Road 

Gates Engineering Pie, LTD. Penrose, Auckland 
1123 Serangoon Road 

New Zealand #03-01 UMW Building 
Tel: 64-9-636-5984 

Singapore 328207 
Fax: 64-9-636-5985 

Tel: 65-299-9937 

IS RAEL 
Fax: 65-299-7636 

Eldis Technologies TAIWAN 
36 Kehilat Zion Street 
Herzlia, 46382 

Johnson Trading & 
Engineering Co. 

Israel SF, No. 12, Lane 83, Sec. 1 
Tel: 972-9-562-666 

Kuang Fu Road 
Fax: 972-9-562-642 

San Chung City, Taipei Hsien 
Taiwan, R.O.C. 

Accord Technologies, Inc. Tel: 886-2-999-8281 
777 Old Country Road Fax: 886-2-999-8283 
Plainview, NY 11803 
Tel: 516/933-6646 

INDIA Fax: 516/933-6645 
lnterex India 

CHINA 50, 2ND Cross 
Gavipuram Extn. 

Twin-Star Trading Co., Ltd. 
Bangalore - 560 019 

Room B, 26/F, Lever Centre 
India 

69-71 King Yip Street 
Tel: 91-80 620852 

Kwun Tong, Kowloon 
Fax: 91-80 624073 

Hong Kong 
Tel: 852-2341-4282 

lnterex India/USA 
Fax: 852-2763-7717 

2629 Terminal Blvd. 
Mountain View, CA 94049 

JAPAN Tel: 415/254-0627 
Teksel Co., LTD. Fax: 415/254-1540 
TBC 
Higashi 2-27-10 
Shibuya-ku, Tokyo 150 
JAPAN 
Tel: 81-3-5467-9104 
Fax: 81-3-5467-9346 

KOREA 
Buksung Industrial Co., LTD. 
7F Saehan Bldg. 
1653-6 Shinlimdong 
Kwanak-Ku, Seoul, 
Korea 
Tel: 82-2-866-1360 
Fax: 82-2-862-1273 

Applied Micro Circuits Corporation 
6195 Lusk Blvd., San Diego, CA 92121 • (619) 450-9333 



AMCC 
APPLIED MICRO CIRCUITS CORPORATION 

619 5 LUSK BOULEVARD 

SAN DIEGO, CA 92121-2793 

800-755-2622 
FAX: 619-450-9885 
http://www.amcc.com 


