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Disclaimer

Disclaimer

ASTEC reserves the right to make changes without further notice to any products described
herein to improve reliability, function, or design. ASTEC does not assume any liability arising
out of the application or use of any product cr circuit described herein; neither does it convey
any license under its patent rights or the rights of others. ASTEC products are not authorized
for use as components in life support devices or systems intended for surgical implant into
the body or intended to support or sustain Ife. Buyer agrees to notify ASTEC of any such
intended end use whereupon ASTEC will determine availability and suitability of its products
for the intended use. ASTEC and the ASTEC logo, GO0 , are trademarks of ASTEC
(BSR) PLC.
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Introduction

Astec Semiconductor Division (ASD) was chartered in 1983 to design
and manufacture high quality power management integrated circuits for
the Astec family of power supplies.

Extending from this charter, ASD has become power management
specialist, developing semiconductor products optimized for the specific
need of all customers in power supply, lighting ballast, temperature
controllers and consumer electronic applications. Our products are built
on modern Bipolar, BIMOS and CMOS technologies. ASD provides their
customers products and services built to the highest standards of quality
and reliability.

Our goal is to provide quality, technology and predictability in our pursuit
of customer satisfaction.

Gene R. Miller
President
Astec Semiconductor Division




General Ordering Information

Order Entry
Products contained within this data book can be ordered from:

Astec Semiconductor

255 Sinclair Frontage Road
Milpitas, California 95035 USA
Phone: 408-263-8300
Facsimile: 408-263-8340

Ordering Information
Minimum engineering order: 50 pieces (product samples available upon request)

Minimum production order: 500 pieces
Each item ordered must appear exactly as listed in the data sheet
F.O.B.: Milpitas, California

Part Number Information
XX XXXX -XX

Package Style

Generic or Product Part Number

Designator
UC, TL, LM, and LT are industry standard second source devices
AS are proprietary or improved devices

Package Suffix Explanation

Letter Designation Description
N 8, 14, 16, 18, and 20 Lead Plastic DIP
D 8, 14, and 16 Lead Plastic Narrow Body SOIC
DW 16, 18, and 20 Lead Plastic Wide Body SOIC
LP TO-92 Plastic (3 Lead)
HP TO-237 Plastic (3 Lead, TO-92 with Top Heat Spreader)
VS SOT-23 Plastic (3 Lead)
S SOT-89 Plastic (3 Lead with Heat Spreader)
G SOT-223 Plastic (3 Lead with Heat Spreader)




Package Marking Information

Package Marking Explanation

Package marking provides a consistent way of identifying product types and managing lot traceability.
All Astec products, with the exception of the SOT-23 and SOT-89 packages, are marked with product
type, lot number, date code, and country of origin. Each assembly lot in the SOT-23 and SOT-89
packages, receives a unique alpha-numeric code which is recorded in a data base for cross reference
to lot number, date code, and country of origin. A complete marking format table is shown below.

8,14, 16, 18, and 20 TO-92/237 Plastic (3 Lead):
Lead Plastic DIP:

Top-  Astec Logo

Face- Astec Logo

Product Name

Product Name Lot Identificaton Code

Lot Identificaton Code Country of Origin

Bottom- Lot Identification Code Date Code

Country of Origin

Date Code SOT-23 Plastic (3 Lead):

Top- Log Book Code
8, 14, and 16 Lead Plastic

Narrow Body SOIC:
Top-  Product Name

Lot Identificaton Code
Bottom- Date Code

SOT-89 Plastic
(3 Lead with Heat Spreader):

Top-  Product Name

Log Book Code
Country of Origin-
16, 18, and 20 Lead Plastic )
Wide Body SOIC: SOT-223 Plastic

(3 Lead with Heat Spreader):

Top-  Astec Logo Top-  Product Name

Product Name Lot Identificaton Code

Lot Identificaton Code Bottom- Date Code

Bottom- Lot Identification Code -
Country of Origin
Country of Origin

Date Code

vi



Alternate Source and Product Cross-Reference

Motorola Semiconductor

TL431 A431
TL431A A431
UC384Xx AS384X
UC384XA AS384X

ASD Direct ASD Direct ASD Direct
P/N Replacement Part | P/N Replacement Part | P/N Replacement Part
Cherry Semiconductor National Semiconductor Unitrode
CS384XA AS384X | LM431A A431 | UC384X AS384X
CS384X AS384X | LM385-1.2 AS1004-1.2 | UC384XA AS384X*
LM385-2.5 AS1004-2.5
Hitachi
HA17431 A431 | Samsung Semiconductor
HA17384 AS3842 | SKA431 A431
HA17345 AS3843 | KA384X AS384X
Linear Techology Texas Instruments
LM385-1.2 AS1004-1.2 | TL431 A431
LM385-2.5 AS1004-2.5 | TL431A A431
LT1004-1.2 AS1004-1.2 | TL1431 AS1431
LT1004-2.5 AS1004-2.5 | LM385-1.2 AS1004-1.2
LT1431CZ AS1431* | LM385-2.5 AS1004-2.5
LT1242 AS3842* | LT1004-1.2 AS1004-1.2
LT1243 AS3843* | LT1004-2.5 AS1004-2.5
LT1244 AS3844* | UC384X AS384X
LT1245 AS3845*

* Similar Device: Please consult data sheet to determine the suitability of replacement for specific applications

vii



Product Status Definitions

Definition of Terms
Data Sheet Identification ~ Product Status Definition

Proposed In Design This data sheet contains the design specifications
for product development. These specifications are
subject to change. Further information will be pub-
lished upon product release.

Preliminary First Production This data sheet contains preliminary data. Supple-
mentary data will be published at a later date. Astec
Semiconductor reserves the rightto make changes
at any time without notice in order to improve
design and supply the best product possible.

No Identification Full Production This data sheet contains final specifications and
complete typical curves. Astec Semiconductor re-
serves the right to make changes at any time without
notice in order toimprove design and supply the best
product possible.
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e AS431

ASTEC Precision Adjustable Shunt Reference

Features Description

e Temperature-compensated: The AS431 is a three-terminal adjustable shunt regulator
30 ppm/°C providing a highly accurate 0.5% bandgap reference. The

adjustable shunt regulator is ideal for a wide variety of linear
applications that can be implemented using external compo-
nents to obtain adjustable currents and voltages.

e Trimmed 0.5% bandgap
reference

® Internal amplifier with 150 mA In the standard shunt configuration, the combination of low

capability temperature coefficient (T.C.), sharpturn-on characteristics,
e Nominal temperature range low output impedance and programmable output voltage
extended to 105° C make this precision reference a perfect zener diode replace-

e |ow frequency dynamic output ment.

impedance: < 150 m The A431 regulator is a low-cost solution where a bandgap
reference tolerance is not critical. The A431 has a 1%
bandgap reference and can be used as a direct replacement
® Robust ESD protection for the standard TL431.

e | ow output noise

Pin Configurc:tion — Top view

T0-92 (LP) SOIC (D) SOT-89 (S)
CATHODE {1 8 | REFERENGCE

CATHODE 1 caTHoDE
ANODE {2 [ 7] ANODE

ANODE 1 ANODE
ANODE {3 [6] ANODE

REFERENCE

NG T 5] i |1 REFERENCE

Ordering Information

Description Temperature Range Order Codes

0.5% 1.0%
TO-92 0to105°C AS431LP A431LP
8-Pin Plastic SOIC 0t0105°C AS431D A431D
SOT-89 0to105°C AS431S A431S

© ASTEC Semiconductor 1



AS431

Precision Adjustable Shunt Reference

Functional Block Diagram

CATHODE (K)

7

REFERENCE
R)

g

I_l

1
Y

25

+—i|i

™
-

.
L

ANODE (A)

Absolute Maximum Ratings
Parameter Symbol Rating Units
Cathode-Anode Reverse Breakdown Vka 37 \'
Anode-Cathode Forward Current lak 1 A
Operating Cathode Current Ika 250 mA
Reference Input Current Irer 10 mA
Continuous Power at 25° C Po

TO-92 775 mwW

8LSOIC 750 mwW

SOT-89 1000 mwW
Junction Temperature Ty 150 °C
Storage Temperature Tsta —-651t0 150 °C
Lead Temperature, Soldering 10 Seconds T 300 °C

Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Recommended Conditions

Typical Thermal Resistances

Parameter Symbol Rating Unit Package Bua Buc Typical Derating

Cathode Voltage Vka VRer to 20 \ TO-92 160° C/W 80° C/W 6.3 mW/°C

Cathode Current Ik 10 mA SOIC 175° C/W 45° C/W 5.7 mW/°C
SOT-89 110° C/W 8° C/W 9.1 mW/°C

ASTEC Semiconductor



Precision Adjustable Shunt Reference AS431

Electrical Characteristics

Electrical Characteristics are guaranteed over full junction temperature range (0to 105° C). Ambient temperature must be derated based
on power dissipation and package thermal characteristics. The conditions are: Vka = Vrer and Ik = 10 mA unless otherwise stated.

Test AS431 (0.5%) A431 (1.0%) Test
Parameter Symbol Condition Min Typ Max Min Typ Max Unit | Circuit
Reference Voltage VRer Ta=25°C 2490 2503 2515 2470 2495 2520 \Y 1
Over temp. 2.469 2.536 | 2.449 2.541 v 1
V grer with Temp* TC 0.07 0.20 0.07 020 | mv/°C 1
Ratio of Change in V Rer Vrerto 10V -27 -10 -27 -0
Vger to Cathode Vi« mV/V 2
Voltage 10Vto36V -2 -04 0.3 -2 -04 0.3
Reference Input IRer 0.7 4 0.7 4 uA 2
Current
Irer Temp Deviation | Rer Qver temp. 0.4 1.2 0.4 1.2 nA 2
Min Ik for Regulation Ik(min) 0.4 1 0.4 1 mA 1
Off State Leakage Ik(off VRer=0V, 0.04 250 0.04 250 nA 3
Vka=36V
Dynamic Output Zxka f 1kHz 0.15 0.5 0.15 0.5 Q 1
Impedance Ik =110 150 mA

*Calculating Average Temperature Coefficient (TC)

AV, \Y
§ L B «TCinmV/°C = _ AVeer (MV)
aQ 3 S AT
07 O ] 0 T A
] - AVREF
1 1 e v i ( AVrgr ) 100
-10- VRreg at 25°C
- —--10 «TC in %/°C = REF
5000 4 0.5+ ~ AT,
_ - .20 | A N O N T N I I A | AVREF 106
0 15 30 45 60 75 90 105 oo~ ] X
. o VREF at 25°C
Temperature (°C) * TC in ppm/°C =
ATy
— 0.07 mV/°C
—0.003 %/°C

L——» 27 ppm/°C

ASTEC Semiconductor



AS431 Precision Adjustable Shunt Reference

Test Circuits

ViN—MW—9—0 Vs = Vier Vin—WMWW\—1—0 Va Vin —MWV—1—0 Vs
Ik Ik (oFF
Irer I e ©F)
R1 4:
9 lrer ]
;'Il (Vrer) ——1-' q
>
Rzit

Figure 1a. Test Circuit 1 Figure 1b. Test Circuit 2 Figure 1c. Test Circuit 3

ASTEC Semiconductor
4



Precision Adjustable Shunt Reference AS431

Typical Performance Curves

Low Current Operating High Current Operating
Characteristics Characteristics
o T T T I I R N A R
| Via = Virer Viea=V
800 Temperature Range: —55 to 125° C 125 [— Temperature g;ange?E—Fss t0 125° C
700 100
2 —_
< 600 <cg s
3 400 3
§ 300 125°C % 25
£ | ™ / £
8 200 25 C § 0 /
|
0 f - -50 /
I N
—200 -100
-1.0 0 1.0 2.0 3.0 -2 -1 0 1 2 3
Via — Cathode Voltage (V) Vya — Cathode Voltage (V)
Figure 2 Figure 3

Temperature Coefficient as a

Off State Leakage Function of Trim Value
100 T T 11 2.56 T T T 1
T 11 Vka = Vrer
T | | Vka=36V 255 lk =10 mA
< Veep=0V
g 10 i S 254
3 / S
(0)9 / £ 2.53
g / S =
g 4 / 3
o 5 2
o / g 2.52
ko) @
2 ﬂlﬂ 251
o / &
S04 g
o P = 250 [ ~]
N /,/ VRer =2.503 Vat25° C \\\
™ 2.49 .y
0.01 2.48
-60 30 0 30 60 90 120 -60 -30 0 30 60 90 120
Ta — Ambient Temperature (°C) T a— Ambient Temperature (°C)
Figure 4 Figure 5

ASTEC Semiconductor



AS431

Precision Adjustable Shunt Reference

Typical Performance Curves

Reference Input Current

3.0 LT
R1=10kQ
R2= oo
g 28 I =10 mA
=
g
5 20
o
5
g
5 15
o
f
(9]
2
g 10 <
] TN
w \\
& T~
- 05 = =
0
-60 -30 0 30 60 90 120
T, — Ambient Temperature (°C)
Figure 6
Noise Voltage
70
T
Vica = Vier
60 Ik = 10 mA
T,=25°C
N 50 N
BN
> \\
c
o 40
j=2)
£
S a0
[0
@
2
20
10
0
10 100 1k 10k 100 k

f— Frequency (Hz)

Figure 8

Za — Dynamic Impedance (Q)

Vger — Change in Reference Voltage (mV)

Reference Voltage Line Regulation

0
\
o N
\\\ -55°C
%\\ ST
-20 N RN
\\ 25°C N U\
N N
7508 \
-30 N
125°C \
ANAN
N
-40
Ik=10mA \
Temperature Range: —55 to 125° C
50 L1 |

0O 3 6 9 12 15 18 21
Via — Cathode Voltage (V)

24 27 30

Figure 7

Low Frequency Dynamic Output
Impedance
0.150

HERERR
Via = Vrer
0.125 lga =110 100 mA

\ f<1kHz /

0.075 A

0.100

0.050 \ /]

0.025

0.0
—60

-30 0 30 60 90
T, — Free Air Temperature

120

Figure 9

ASTEC Semiconductor



Precision Adjustable Shunt Reference AS431

Typical Performance Curves

Dynamic Output Impedance

wor T T ]
I
| T,=25°C
I =110 100 mA
g 10 /
8 /
g /
[}
Q
E /
g 1.0 ///
©
f
& ”
I /
N 0.1 e
0.01
1k 10k 100 k 1M 10M
f — Frequency (Hz)
Figure 10
Small Signal Voltage Gain vs. Frequency
& T T T 11
Temperature Range: -55 to 125° C
60 AN i I $—0 ouT
m
s I =10 mA I
§ 50 AN - %15 k l 230Q
10 N 9uF <
@ \
e |_
(—‘OE 40 .
s »————'ﬁ
3
.§; 30 \\ %8.25 k '|'
= o —O GND
£ 20 N nS
(4] —
| N —
< N
10 \
0
1k 10 k 100 k 1M 10M

f - Frequency (Hz) Figure 11
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AS431

Precision Adjustable Shunt Reference

Typical Performance Curves

Pulse Response

6 1
InPut

ST~ r~" T~ T~ T~ 11
= | 1
‘é’ 4 I 1
43 I 1
% I 1
> 3 I Output |
= I
o
5 |
(] 2
°
c
©
a2 1
£ k

0

-1

0O 1 2 3 4 5 6 7 8 9 10 11 12

Stability Boundary Conditions

t—Time (us)

100 T T T T
| A Via=Veer
90 [T B:Vga=5Vatl=10mA
| CiViy=10Vatl=10mA
80 DV, =15Vatl=10mA
<
E 70
g 60
3
o 50
< Stability
T 40 Region
(&)
L a0
A
20
B
10 |- TAT25°C|—

0
100

107 102 103 104 10
C_ — Load Capacitance (pF)

107

INPUT
MONITOR T 220 Q
My 0 OUT
L
< 1
® 2o l—:‘
fp = 100 kHz
_L 0 GND
Figure 12
150 Q
AAA O
yvvy ~
I
bk
P
i
<>
10k
Figure 13
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ASTEC

AS1431

Precision Adjustable Shunt Reference

Features

Temperature-compensated:
30 ppm/°C

Description

The AS1431 is a three-terminal adjustable shunt regulator
providing a highly accurate 0.4% bandgap reference. The
adjustable shunt regulator is ideal for a wide variety of linear

® Trimmed 0.4% bandgap o . .
applications that can be implemented using external compo-
reference L
nents to obtain adjustable currents and voltages.
@ Internal amplifier with 150 mA

capability

Temperature range: Extended to
-55t0125° C

In the standard shunt configuration, the combination of low
temperature coefficient (T.C.), sharp turn-on characteristics,
low output impedance and programmable output voltage
make this precision reference a perfect zener diode replace-
ment .

e |ow frequency dynamic output
impedance: < 150 m The AS1431 is characterized to operate over the full automo-
: tive temperature range of -55 to 125° C and is now available
® tput
Low output noise in the SOT-89 package.
® Robust ESD protection

Pin Configuration — topview

T0-92 (LP) SOIC (D) SOT-89 (S)
CATHODE 1 5] REFERENCE CATHODE
CATHODE :|
ANODE { 2 [ 7] ANODE
ANODE ;:l ANODE
ANODE { 3 z] ANODE
REFERENCE N/C 2 _?__| N/C ] REFERENCE

Ordering Information

Description Temperature Range Order Codes
TO-92 -5510125°C AS1431LP
8-Pin Plastic SOIC -5510125° C AS1431D
SOT-89 -55t0 125° C AS1431S

© ASTEC Semiconductor 9



AS1431

Precision Adjustable Shunt Reference

Functional Block Diagram

CATHODE (K)

7

il

— ] —
e
-

Iy i
i — 25V
1 |
ANOéE (A)

Absolute Maximum Ratings
Parameter Symbol " Rating Units
Cathode-Anode Reverse Breakdown Vka 37 \'
Anode-Cathode Forward Current lak 1 A
Operating Cathode Current Ika 250 mA
Reference Input Current IRer 10 mA
Continuous Power Dissipation at 25° C Po

TO-92 775 mwW

8L SOIC 750 mwW

SOT-89 1000 mW
Junction Temperature Ty 150 °C
Storage Temperature Tsta —65to 150 °C
Lead Temperature Soldering 10 Seconds TL 300 °C

Stresses greaterthan those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Recommended Conditions

Typical Thermal Resistances

Parameter Symbol Rating Unit Package 6ua Buc Typical Derating

Cathode Voltage Vka Vrer to 20 \Y TO-92 160° C/W 80° C/W 6.3 mW/°C

Cathode Current Ik 10 mA SOIC 175° C/W 45° C/W 5.7 mW/°C
SOT-89 110° C/W 8° C/W 9.1 mW/°C

ASTEC Semiconductor
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Precision Adjustable Shunt Reference AS1431

Electrical Characteristics

Electrical Characteristics are guaranteed over full junction temperature range (-55 to 125° C). Ambient temperature must be derated
based on power dissipation and package thermal characteristics. The conditions are: Vika = Vrer and Ik = 10 mA unless otherwise stated.

Parameter Symbol Test Condition Min Typ Max Unit Circuit
Reference Voltage VRer Ta=25°C 2.490 2.500 2.510 \ 1
Over temp. 2.470 2.530 \Y 1
V rer with Temp* TC 0.06 0.16 mV/°C 1
Ratio of Change in Vrer to
Cathode Voltage V Rer Vk=3Vto36V -2 -11 mv/ 2
Reference Input Current IReF Ri=10k ; R2= 0.7 1.9 nA 2
Irer Temp Deviation | REF Over temp. 0.4 1.2 uA 2
Min Ik for Regulation Ik(min) 0.4 1 mA 1
Off State Leakage I(offy Vrer=0V, 0.04 500 nA 3
Via=36V
Dynamic Output Impedance Zka f 1kHz lx=110100 mA 0.15 0.2 Q 1
*Calculating Average Temperature Coefficient (TC)
£ >
& ® E
7 07 AV, \Y
O_ 0_ or «TCinmy/ec = AVrer (MY)
n AT,
4 4 p AVREF
4 J-10F l ( AV
Cle AT - CCREF ) x 100
. ] 0'5: N «TCin%/ec = | REFAZ57C
B T T O O
55 -25 0 25 50 75 100 125 AVper 168
Temperature (°C) Vper at 25°C
e TC in ppm/°C =
— 0.06 mV/°C ATp
—»0.002 %/°C

L% 24 ppm/°C

ASTEC Semiconductor
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AS1431 Precision Adjustable Shunt Reference

Test Circuits

ViN—MW—9—0 Va = Vrer Vin—AMW—9—0 Via Vin—AMWV——0 Viu

| | Ik I (oFF)
REF K R1 ::

< lrer N
"l'll (Vrer) ! ﬁ-'
RS
>
Figure 1a. Test Circuit 1 Figure 1b. Test Circuit 2 Figure 1c. Test Circuit 3

ASTEC Semiconductor 12



Precision Adjustable Shunt Reference

AS1431

Typical Performance Curves

Low Current Operating

High Current Operating

Characteristics Characteristics
wor—T T T T T ] W71 71 T 1 T 1
- Via = VRer Vi, =V,
800 Temperature Range: —55 to 125° C 125 [— Temperature E;nge'?E—FSS t0125° C
700 100
< 600 <
2 E 75
5 °° § 0
3 400 a
8 300 128°C g >
L
S 200 25°C \/ § 0
! /
L -55°C %// L 25
= 100 P = /
0 I, — -50 l
-100 I 75 I
-200 -100
-1.0 0 1.0 2.0 3.0 -2 -1 0 1 2
Vga — Cathode Voltage (V) Vga — Cathode Voltage (V)
Figure 2 Figure 3
Reference Voltage vs Ambient
Off State Leakage Temperature
100 [T 11 2.53 I {/ T
T 171 Vka= Vrer
= | | Vka=36V 250 |-k lk=10mA
< Vrer=0V /
S 10 7 S 251
S 2.5 =
% / = °H \\\\
£ / 3 VRer =2.500 V at 25° C s
S 1 S 2.49 ]
8 k] N
3 o}
o 4 GIE 2.48
& 4 i
' 01 S 247
5 / >
N 1
LT 2.46
0.01 2.45
-60  -30 0 30 60 9 120 -60  -30 0 30 60 90 120
Ta — Ambient Temperature (°C) Ta— Ambient Temperature (°C)
Figure 4 Figure 5
ASTEC Semiconductor
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AS1431

Precision Adjustable Shunt Reference

Typical Performance Curves

Reference Input Current

Reference Voltage Line Regulation

30 [T 11 0

R1 =10 kQ

R2 = oo \
25 e =10 mA 0 %\\\\‘\

N Y
20 NN SN
—20 \\\\‘\251\0\\

15 \\\1 O\

~

AN

Irer — Reference Input Current (uA)

Vger — Change in Reference Voltage (mV)

N/

-30 AN
1.0 g 125%\
~
\\\\ l \
0.5 T -40 |
T = 10 mA
Temperature Range: —55 to 125° C
0 -50 |
—-60 30 Y 30 60 90 120 0 3 6 9 12 15 18 21 24 27 30

T, — Ambient Temperature (°C)

Figure 6

Noise Voltage

Via — Cathode Voltage (V)

Figure 7

Low Frequency Dynamic Output
Impedance

° T o150 RERERR
Vka = VRer Viea = Veer
le=10mA =
60 k=1om 0.425 Iea = 1 10 100 mA
Tp=25°C .
= \ f<1kHz /
8 g
N 50 @
Z \\ 2 0.100 \
2 ~ g \ /
40
g £ /
8 5 0.075 \ /
2 30 g \ /|
[0} c
< N\ /
S 2 0.050 v4
20 ! N »
$ N |~
N
10 0.025
0 0.0
10 100 1k 10k 100 k —-60  -30 0 30 60 90 120
f — Frequency (Hz) T, — Free Air Temperature
Figure 8 Figure 9
ASTEC Semiconductor
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Precision Adjustable Shunt Reference AS1431

Typical Performance Curves

Dynamic Output Impedance

1
o T 11 ]

T I

| T,=25°C

lx =110 100 mA
g 10 Vi
8 /
[
g /
[0
o
E /
Lé 1.0 ///
©
=3 /
(o) "4
| /
$ y
N 0.1 7

0.01
1k 10k 100 k 1M 1i0M

f— Frequency (Hz)

Figure 10

Small Signal Voltage Gain vs. Frequency

7!
0 T T T 1T 1
Temperature Range: —|55| to 125° C
__ 60 N ]
o
2 \\ lk=10mA
;:(D% 50 N +—O OUT
|
% \\ %15 k l « 230Q
E 40 9 uF <
: \ e
2 30 \ {1
3 b A
(=U >
E 20 \\ %8.25 k I
I
> . O GND
< N R
10 \ —
0

1k 10k 100 k iM 10M
f— Frequency (Hz)

Figure 11
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AS1431 Precision Adjustable Shunt Reference

Typical Performance Curves

Pulse Response

O OUT

o GND

6 — l
‘ InFut

5 o—-rF9-T9-T=-—T=— 1 INPUT
_ | | MONITORT
>
PO 1
o 1 |
g 1 |
g 31— Output i
E 1
¢ LY @
& 2t—
T fp = 100 kHz
©
3 1
£

0 s

-1

0 1 2 3 4 56 7 8 9 10 11 12
t—Time (us)
Figure 12
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AS2431

Precision Adjustable Shunt Reference
Preliminary Specification

Features

Temperature-compensated:
15 ppm/°C

Trimmed 0.5% bandgap
reference

Internal amplifier with 100 mA
capability

Temperature range: Extended to
0to105°C

Low frequency dynamic output
impedance: < 150 m

Low output noise

Description

The AS2431 is a three-terminal adjustable shunt regulator
providing a highly accurate 0.5% bandgap reference. The
adjustable shunt regulator is ideal for a wide variety of linear
applications that can be implemented using external compo-
nents to obtain adjustable currents and voltages.

In the standard shunt configuration, the combination of low
temperature coefficient (T.C.), sharp turn-on characteristics,
low output impedance and programmable output voltage
make this precision reference an excellent error amplifier.

The AS2431 is a direct replacement for the AS431 in low
voltage, low current applications. It is also available in the
very small footprint SOT-23.

Pin Configuration — Topview

TO-92 (LP) SOIC (D)
CATHODE L8| RAMP
OUTPUT
ANODE
6 ] DRIVE
REFERENCE STROBE
SOT-23 (VS) SOT-89 (S)
] CATHODE | ] CATHODE
ANODE I [ [ ANODE
|__1REFERENCE
‘ [ ] REFERENCE
Ordering Information
Description Temperature Range Order Codes
TO-92 0t0o105°C AS2431LP
8-Pin Plastic SOIC 0to 105°C AS2431D
SOT-23 010 105°C AS2431VS
SOT-89 (S) 0to105°C AS2431S

© ASTEC Semiconductor
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AS2431 Precision Adjustable Shunt Reference

Functional Block Diagram
CATHODE (K)

?
J_ ]

g
=

£ L
T

5

ANODE (A)
Absolute Maximum Ratings
Parameter Symbol ' Rating. © Units
Cathode-Anode Reverse Breakdown Vka e 180 %
Anode-Cathode Forward Current Iak L = A
Operating Cathode Current ‘ IKAM‘ ; 100 mA
Reference Input Current o lRer 1 mA
Continuous Power Dissipation at 25° C ‘ f : i Pb :
TO-92 - 775 mw
8L SOIC i L 750 mw
SOT-23 T 200 mwW
SoT-89 . G e 1000 mw
Junction Temperature T 150 °C
Storage Temperature Tste -65t0 150 °C
Lead Temp S(}ldering 10 Seconds TL 300 °C

Stresses greaterthan those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Recommended Conditions Typical Thermal Resistances
Parameter Symbol Rating Unit Package Bua 6uc Typical Derating
Cathode Voltage Vka VRer to 18 \Y TO-92 160° C/W 80° C/W 6.3 mW/°C
Cathode Current Ik 10 mA SOIC 175° C/W 45° C/W 5.7 mW/°C
SOT-23 575°C/W  150° C/W 1.7 mW/°C

SOT-89 110° C/W 8°C/W 9.1 mW°C

ASTEC Semiconductor
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Precision Adjustable Shunt Reference AS2431

Electrical Characteristics

Electrical Characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated based
on power dissipation and package thermal characteristics. The conditions are: Vka = Vrer and Ik = 10 mA unless otherwise stated.

Parameter Symbol Test Condition Min Typ Max Unit Circuit

Reference Voltage VRer Ta=25°C 2.490 2.500 2.510 v 1
Over temp. 2.480 2.530 \Y 1

AVRer with Temp* TC 0.02 0.06 mV/°C 1

Ratio of Change in Vrer to AVRer Vrer to 10V -27 -1.01

Cathode Voltage AVk mv/v 2
10Vto 18V -2 -04 0.3

Reference Input Current IRer 0.7 4 LA 2

Irer Temp Deviation Alger Over temp. 0.4 1.2 pA 2

Min Ik for Regulation Ik(min) 0.4 1 mA 1

Off State Leakage Ik(ofty Vrer=0V, 0.04 500 nA 3
Via =18V -

Dynamic Output Impedance Zka f<1kHz Ik =11t0100 mA 0.15 0.5 Q 1

*Calculating Average Temperature Coefficient (TC)

£ >
Q. o
03 03 0 ; AVRer  (mv
3 «TCinmV/°C = — — REF_(mV)
_ _ - AVREF ATa
— — < AT r
2000 0.2+ -5 - (—AVF*EF ) x 100
-1 - B V at25°C
B e TCin %/°C = REF
4 4 L AT,
_ 10 | T U N I N N N B |
0O 15 30 45 60 75 90 105
. AVRer 6
Temperature (°C) —— ] x10
. VREF at 25°C
e TC in ppm/°C =
- 0.019 mV/°C AT,
— 0.001 %/°C

L »7.6ppm/°C

ASTEC Semiconductor
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AS2431 Precision Adjustable Shunt Reference

Test Circuits
Vin—AWW—9—0 Vi = Vier Vi —WWV—1—0 Via Vin—WW—1—0 Vka
| | Ik Ik (oFF)
REFl lK R&t |
rer, ] N
I"ﬂ (Vrer) ﬂ ——A
R2::

Figure 1a. Test Circuit 1 Figure 1b. Test Circuit 2 c. T@st Circuit 3
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Precision Adjustable Shunt Reference

AS2431

Typical Performance
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AS2431 Precision Adjustable Shunt Reference

Typical Performance Curves
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Precision Adjustable Shunt Reference AS2431

Typical Performance Curves
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AS2431 Precision Adjustable Shunt Reference

Typical Performance Curves

Pulse Response
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AS432

ASTEC 1.25 V Precision Adjustable Shunt Reference / Amplifier

Features

@ Temperature-compensated:
50 ppm/°C

® Trimmed 0.5% bandgap
reference

® |nternal amplifier with 150 mA
capability

@ Nominal temperature range
extended to 105° C

® Low frequency dynamic output
impedance: < 150 m

e Low output noise

Proposed Specification

Description

The AS432 is a three terminal adjustable shunt regulator
utilizing an accurate 1.25V bandgap reference. The AS432 is
functionally similar to an AS431 except for its lower reference
voltage, making it usable in a wide variety of low voltage
applications.

Because of its robust bipolar technology, the AS432 handles
awide range of current, and holds off more than 18V so its use
is not limited to low power, low voltage systems. Significant
care has been taken to provide adequate AC bandwidth to
allow the AS432 as an amplifier in control systems and power
electronics. -

Pin Configuration — Topview

TO-92 (LP) SOIC (D)
CATHODE CATHODE {1 | 5 ] REFERENCE
ANODE ANODE 2 [ 7] ANODE
ANODE {3 6] ANODE
REFERENCE
N/C 2 [5]Nne
SOT-23 (VS) SOT-89 (S)
, ] cATHODE |___lcaTHoDE
ANODE
[_] REFERENCE [ | anooe
Ordering Information ) rerenence
Description Temperature Range Order Codes
TO-92 0t0105°C AS432LP
8-Pin Plastic SOIC 0t0105°C AS432D
SOT - 89 0t0o105°C AS432S
SOT - 23 0to105°C AS432VS

R EEEEEE———————
© ASTEC Semiconductor
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AS432 1.25 V Precision Adjustable Shunt Reference / Amplifier

Functional Block Diagram Cathode (K)

Reference (R) >—’< t

1.25V
Anode (A)

Absolute Maximum Ratings
Parameter Symbol Rating - Units
Cathode-Anode Reverse Breakdown Vka - \Y
Anode-Cathode Forward Current lak : 1 A
Operating Cathode Current lka 100 mA
Reference Input Current o lgee 1 mA
Continuous Power at 25° C Po

TO-92 775 mW

8L SOIC : 750 mwW

SOT-89 L 1000 mwW

SOT-23 : 200 mwW
Junction Temperature E Ty 150 °C
Storage Temperature Tsta —-65to 150 °C
Lead Temperature (Soldering 10 sec.) To 300 °C

Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. Thisis a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Recommended Conditions Typical Thermal Resistances

Parameter Symbol Rating Unit Package 64a 6uc Typical Derating

Cathode Voltage Vka Vrer to 18 \Y TO-92 - 160° C/W 80° C/W 6.3 mW/°C
Cathode Current Ik 10 mA SOIC 175° C/W 45° C/W 5.7 mW/°C
SOT-89  110° C/W 8° C/W 9.1 mW/°C
SOT-23  575° C/W  150° C/W 1.7 mW/°C

ASTEC Semiconductor
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1.25 'V Precision Adjustable Shunt Reference / Amplifier AS432

Electrical Characteristics

Electrical characteristics are guaranteed over the full junction temperature range (0-105 °C). Ambient temperature must be derated
based upon power dissipation and package thermal characteristics. Unless otherwise stated, test conditions are: VKA= VREF and
IK=10 mA.

Parameter Symbol Test Condition Min Typ Max Unit
Output Voltage VRer Ik=10 mA, Ty=25°C, Vk= Vrer 1.244 1.250 1.256 v
Line Regulation VRer Vka=125t015V 10 15 mv
Load Regulation VRer lk=1t0 100 mA 3 6 mV
Temperature Deviation VRer 0<Ty<105°C 2 6 mV
Reference Input Current IReF 3 6 uA
Reference Input Current | Rer 0<Ty<105°C 0.3 0.6 uA
Temperature Coefficient

Minimum Cathode Current for Ik (iny 0.6 1 mA
Regulation

Off State Leakage 7 Ik (viny VRer=0V, Vka=18V 0.04 500 nA

*Temperature deviation is defined as the maximum deviation of the reference over the given temperature range and does not imply an
incremental deviation at any given temperature.

Typical Performance Curves

Not Available at Time of Publishing

ASTEC reserves the right to make changes without further notice to any products described herein to improve reliability, function, or
design. ASTEC does not assume any liability arising out of the application or use of any product or circuit described herein; neither does
it convey any license under its patent rights or the rights of others. ASTEC products are not authorized for use as components in life
support devices or systems intended for surgical implant into the body or intended to support or sustain life. Buyer agrees to notify
ASTEC of any such intended end use whereupon ASTEC will determine availability and suitability of its products for the intended use.
ASTEC and the ASTEC logo are trademarks of ASTEC (BSR) PLC.

ASTEC SEMICONDUCTOR
255 Sinclair Frontage Road ¢ Milpitas, California 95035 « Tel. (408) 263-8300 ¢ FAX (408) 263-8340
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AS432 1.25 V Precision Adjustable Shunt Reference / Amplifier

Notes
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N AS1004

ASTEC Micropower Voltage Reference
Features Description
® Low voltage reference The AS1004 is a two-terminal precision band-gap voltage
e 10 pA turn-on current for reference with a low turn-on current of 10 pA.
AS1004-1.2 Emulatinga 1.235 V zener diode, the AS1004 operates more
® 20 pA turn-on current for than three orders of magnitude of output current with minute
AS1004-2.5 output impedance and guaranteed stability. With an initial

+ -
o +4mV (0.3 %) initial accuracy toleranc_e'of. +4 mV an(_j gugranteed tem_perature perfo.r
mance, it is ideal for precision instrumentation, especially in
for AS1004-1.2 o .

o low power applications. Being a low-voltage reference, the
¢ +£20 mV (0.8 %) initial accuracy  AS1004 is also well-suited as a reference for low-voltage
for AS1004-2.5 power supply applications, especially in power supplies
e Guaranteed operation to 20 mA.  intended for low-voltage logic systems, laptop computers

Over three orders of magnitude and other portable or battery operated equipment.

of operating current! The AS1004 is pin-for-pin compatible with the LT1004 and
@ Temperature performance the LM385 and offers improved specifications over both the

guaranteed LM385 and the MP5010. It is also available as a 2.5 V
e Very low dynamic impedance reference with a guaranteed start-up current of 20 uA.

Pin Configuration — Top view

T0-92 (LP) SOIC (D) SOT-89 (S)
ANODE Ne | 8] CATHODE —Ine
N/C N/C

CATHODE N/C ‘ 6] CATHODE ] ANODE

NIC ANODE ' ANODE [._] cATHODE
Ordering Information
Description Temperature Range Order Codes
TO-92 0to70°C AS1004-1.2LP AS1004-2.5LP
8-Pin Plastic SOIC 0to70°C AS1004-1.2D AS1004-2.5D
SOT-89 0to70°C AS1004-1.2S AS1004-2.5S

T
© ASTEC Semiconductor

28



AS1004

Micropower Voltage Reference

Simplified Schematic
r K
R2
a1s —e—{* ar2 Q4 —{0s
< ==02
2 R10
A < Q7
< R4 p "_‘
Kon c1
l c3
SR
[
Lo { o5 .—Km
EE R12
Qg9 ‘L," Kos Sre EE R7
% Qi4 (
¢ A
Absolute Maximum Ratings
Parameter Symbol Rating Units
Reverse Breakdown Current Iz 30 mA
Forward Current Ir 30 mA
Continuous Power Dissipation at 25° C Po
TO-92 775 mw
8LSOIC 750 mwW
SOT-89 1000 mw
Maximum Junction Temp Ty 150 °C
Storage Temperature Tsta -6510 150 °C
Lead Temperature, Soldering 10 Seconds TL 300 °C

Recommended Conditions

Typical Thermal Resistances

Parameter Symbol Rating

Unit

Package 6ua 6uc Typical Derating

Cathode Current Iz 100

pA

TO-92 160° C/W 80° C/W 6.3 mW/°C

8LSOIC  175°C/W 45° C/W 5.7 mW/°C
SOT-89 110° C/W 8° C/W 9.1 mW/°C

ASTEC Semiconductor
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Micropower Voltage Reference AS1004

Electrical Characteristics

Electrical Characteristics are guaranteed over full junction temperature range (0 to 70° C). Ambient temperature must be derated based
on power dissipation and package thermal characteristics.

AS1004-1.2 AS1004-2.5

Parameter Symbol | Test Condition Min Typ Max Min Typ Max Unit
Reverse Breakdown Voltage | Vz Iz=100 uA, Ty=25°C 1231 1235 1239 | 2480 2500 2.520 \Y

0°C<Tas70°C 1225 1235 1245 | 2470 2500 2.530 v
Average Temperature AVz/AT Imin <12 <20 mA 20 60 ppm/°C
Coefficient
Minimum Operating Current | Iz (min) 4 10 12 20 LA
Reverse Breakdown Voltage | AVz/Alz | Imin<Iz<1mA 0.5 1 0.5 1 mvV
Change With Current

Over Temperature 0.5 15 0.5 15 mvV

1mA<Iz<20 mA 6.5 10 6.5 10 mV

Over Temperature 6.5 20 6.5 20 mV
Reverse Dynamic Impedance | Zz lz=100 mA, f=25Hz 0.2 0.6 0.8 0.9

Over Temperature 1 1.5 15
Wide Band Noise en Iz =100 pA

10 Hz < f< 10 KHz 60 60 uv
Long Term Stability AVz /AT Iz=100 nA

Ta=25°C£0.1°C 20 60 ppm/kH

Typical Performance Curves

Calculating Average Temperature

AS1004-1.2 Reference Voltage vs.

Coefficient for the AS1004-1.2 Reference Ambient Temperature
1.245
£ - |
o o
g ® T Iz = 100 pA
07307 O T
— — il
C 1. AVREF AT g 1240
17 - 2
7 7 - o
u 4 5 :-":UY’
5000 405 [ $1.235 g
B 0]
1T 7 r g e NG
I L o N
B T N O O B B | £ / \
0O 10 20 30 40 50 60 70 n|: 1.230
Temperature (°C) =
— 0.025 mV/°C
—>0.002 %/°C 1.225
L—————— 20 ppm/°C
- AVREF
Average Temperature Coefficient = AT -55 35 -15 5 25 45 65 85 105 125

Fi

igure 1

Ta — Ambient Temperature (°C)

Figure 2

ASTEC Semiconductor

30



AS1004 Micropower Voltage Reference

Typical Performance Curves

Calculating Average Temperature AS1004-2.5 Reference Voltage
Coefficient for the AS1004-2.5 Reference versus Ambient Temperature
£ > 2.520
g = E | o
079 07 0 x | 1z=100pA
4 4 AVREF
o I A B 2510
. ] B AT S
. -4 5+ o
5000 405- [ £
4 4 r = 2500
— |
1 1 T~
_ J10 L g N
0 10 20 30 40 50 60 70 o ™~
Temperature (°C) L 2490
L—» 0.046 mV/°C z
————0.004 %/°C
2.480
L———» 37 ppm/°C
Average Temperature Coefficient = - AVRer
AT 556 35 -15 5 25 45 65 85 105 125
Ta — Ambient Temperature (°C)
Figure 3 Figure 4
AS1004-1.2 Reverse Operating AS1004-2.5 Reverse Operating
Characteristics Characteristics
100 | | T 100 I
T,=-55°Ct0125°C T,=-55°Ct0125°C
£l &
= 10 = 10 /
[}
g g
3 = /
(6]
3 ) 2
2 b
8 P é /
} 1 } 1
0.1 /

0 02 04 06 08 1 12 14 015,

0.5 1.0 1.5 2.0 25 3.0
Vg — Reverse Voltage (V)

Vg — Reverse Voltage (V)
Figure 5 Figure 6
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Micropower Voltage Reference

AS1004

Typical Performance Curves

AS1004-1.2 Change in Reference
Voltage versus Reverse Current

16 T 1

12
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AV, — Change In Reference Voltage (mA)
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1

10

Ig — Reverse Current (mA)

Figure 7

AS1004-1.2 Transient Response
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AS1004-2.5 Change in Reference
Voltage versus Reverse Current
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AS1004

Micropower Voltage Reference

Typical Performance Curves

AS1004-1.2 Reverse Dynamic

AS1004-2.5 Reverse Dynamic

Impedance Impedance
10k T 11 10k T 1
t, =100 pA t, =100 uA
Tpo=25°C Tp,=25°C
= 1K 1] s 'k
& e <
8 v 8
3 pd 3 T
2 100 7 2 100 //
£ yd £ s
3 4 3 A
< 1 S 1
2 90 A g 10 /1
% // @ L1
o« o 1
| d | e
N N %
1 1 //
0.1 0.1
0.01 0.1 1 10 100 1k 0.01 0.1 1 10 100 1k
f = Frequency (kHz) f = Frequency (kHz)
Figure 11 Figure 12
Low Frequency Reverse Dynamic
Forward Characteristics Impedance
1.2 1 1 100 T T 1
T,=25°C Tp=-55°Ct0125°C ||
/ f=25Hz
g
s / 2
o 08 § 10
g P 3 \
2 - g
§ P 8
i | % \
. 04 T 9
> . \
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N~
0 0.1
0.01 0.1 1 10 100 0.01 0.1 1 10 100
|z = Forward Current (mA) I, — Reverse Current (mA)
Figure 13 Figure 14
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Micropower Voltage Reference

Typical Applications
1.235V Reference 2.5V Reference Low Noise Reference
Vin Vin
3k 100 k
out
I AS1004-1.2 I AS1004-2.5 IAS‘°°4‘2-5 I 50 uF
Figure 15 Figure 16 Figure 17
Variable Output Regulator High Stability 5V Regulator
AV AVinz8V
LM317 LM338
Vin Vour |—¢ O ouT Vin Vour 5V OUT
ADJ ADJ
To1puF 2000 . i 976 O, 1%
= =&
10uF 22 \F AS1004-2.5
5k
AS1004-2.5
3240Q,1%
. V-1V
~ 0.015 mA
= v- = = =
Figure 18

Lead Acid Low Battery Detector

Figure 19

Micropower 10V Reference

. A vin=12Vito20V
LO = Battery Low b
86.7 k 500 k
9 N 1™
12y + ‘ 3N,
p— + “
— LM4250,
71 %1 1°
4 35M
500k 150 pF 2M -[1'50 pF
s
tS1004-1 2
- AS1004-1.2 500 k
=+
Figure 20 Figure 21
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AS1004 Micropower Voltage Reference

Notes
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ASTEC

AS2842/3/4/5

Current Mode Controller

Features

e 2.5V bandgap reference
trimmed to 1.0% and
temperature-compensated

e Extended temperature range
from - 40 to 105° C

® AS2842/3 oscillations trimmed
for precision duty cycle clamp

® AS2844/5 have exact 50% max
duty cycle clamp

- @ Advanced oscillator design
simplifies synchronization

e |mproved specs on UVLO
and hysteresis provide
more predictable start-up
and shutdown

e |mproved 5 V regulator provides
better AC noise immunity

e Guaranteed performance
with current sense pulled
below ground

e Over-temperature shutdown

Description

The AS2842 family of control ICs provide pin-for-pin replace-
ment of the industry standard UC3842 series of devices. The
devices are redesigned to provide significantly improved
tolerances in power supply manufacturing. The 2.5 V refer-
ence has been trimmed to 1.0% tolerance. The oscillator
discharge current is trimmed to provide guaranteed duty
cycle clamping rather than specified discharge current. The
circuit is more completely specified to guarantee all param-
eters impacting power supply manufacturing tolerances.

In addition, the oscillator and flip-flop sections have been
enhanced to provide additional performance. The Rt/Cr pin
now doubles as a synchronization input that can be easily
driven from open collector/open drain logic outputs. This
sync input is a high impedance input and can easily be used
for externally clocked systems. The new flip-flop topology
allows the duty cycle on the AS2844/5 to be guaranteed
between 49 and 50%. The AS2843/5 requires less than
0.5 mA of start-up current over the full temperature range.

Ordering Information

Description Temperature Range Order Codes

8-Pin Plastic DIP -40t0 105° C AS2842/3/4/5N

8-Pin Plastic SOIC -40t0 105° C AS2842/3/4/5D-8

Pin Configuration — Topview

PDIP (N)

8L SOIC (D)
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Functional Block Diagram 50v)
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p REGULATOR VE
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Figure 1. Block Diagram of the AS2842/3/4/5

Pin Function Description

Pin Number  Function Description

1 COMP This pin is the error amplifier output. Typically used to provide loop compensation to
maintain Vrg at 2.5 V.

2 Ves Inverting input of the error amplifier. The non-inverting input is a trimmed 2.5 V
bandgap reference.

3 IsensE A voltage proportional to inductor current is connected to the input. The PWM uses
this information to terminate the gate drive of the output.

4 R1/Cr Oscillator frequency and maximum output duty cycle are set by connecting a resistor
(Rr) to Vrea and a capacitor (Cr) to ground. Pulling this pin to ground or to Vreg will
accomplish a synchronization function.

5 GND Circuit common ground, power ground, and IC substrate.

6 OouT This output is designed to directly drive a power MOSFET switch. This output can sink
or source peak currents up to 1A. The output for the AS2844/5 switches at one-half the
oscillator frequency.

7 Vee Positive supply voltage for the IC.

8 VreGg This 5 V regulated output provides charging current for the capacitor Cr through the
resistor Rr.
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Absolute Maximum Ratings

Parameter Symbol Rating Unit
Supply Voltage (Icc < 30 mA) Vee Self-Limiting v
Supply Voltage (Low Impedance Source) Vce 30 \Y
Output Current lout +1 A
Output Energy (Capacitive Load) 5 uJ
Analog Inputs (Pin 2, Pin 3) -0.3t0 30 \'%
Error Amp Sink Current 10 mA
Maximum Power Dissipation Po

8L SOIC 750 mw

8L PDIP 1000 mw
Maximum Junction Temperature Ty 150 °C
Storage Temperature Range Tsta —65 to 150 °C
Lead Temperature, Soldering 10 Seconds TL 300 °C

Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. Thisis a stress
rating only and functional operation of the device at these or any other conditions above indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Recommended Conditions

Typical Thermal Resistances

Package 6ua Buc Typical Derating

Parameter Symbol Rating
Supply Voltage Vee
AS2842,4 15
AS2843,5 10
Oscillator fosc 50 to 500

8L PDIP 95°C/W  50°C/W 10.5 mW/°C
8L SOIC 175°C/W  45°C/W 5.7 mW/°C
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Electrical Characteristics

Electrical characteristics are guaranteed over full junction temperature range (-40 to 105° C ). Ambient temperature must be derated based on
power dissipation and package thermal characteristics. The conditions are: Vec = 15V, Rr = 10 kQ, and Ct = 3.3 nF, unless otherwise stated. To
override UVLO, Vcc should be raised above 17 V prior to test.

Parameter Symbol Test Condition | Min | Typ | Max | Unit
5V Regulator

Output Voltage Vreg Ty=25°C, lRea=1mA 4.95 5.00 5.05 v
Line Regulation PSRR 12 Ve 25V 2 10 mV
Load Regulation 1 lrec 20 mA 2 10 mV
Temperature Stability’ TCrec 0.2 0.4 mv/°C
Total Output Variation' Line, load, temperature 4.85 5.15 \Y
Long-term Stability’ Over 1,000 hrs at 25° C 5 25 mv
Output Noise Voltage Vnoise 10Hz f 100kHz, T y=25°C 50 ny
Short Circuit Current Isc 30 100 180 mA
2.5 V Internal Reference

Nominal Voltage Ves T=25°C; lpeg = TmMA 2.475 2.500 2.525 Vv
Line Regulation PSRR 12V Vge 25V 2 5 mV
Load Regulation 1 lrea 20 MA 2 5 mV
Temperature Stability’ TCvrs 0.1 02 mV/°C
Total Output Variation' Line, load, temperature 2.450 2.500 2.550 \Y
Long-term Stability’ Over 1,000 hrs at 125° C 2 12 mV
Oscillator

Initial Accuracy fosc Ty=25°C 47 52 57 kHz
Voltage Stability 12V Voo 25V 0.2 1 %
Temperature Stability’ TGt Tan To Twax 5 %
Amplitude fosc " Vricr peak-to-peak 16

Upper Trip Point VH 2.9

Lower Trip Point Vi 1.3

Sync Threshold Vswne 400 600 800 mV
Discharge Current Io 75 8.7 9.5 mA
Duty Cycle Limit Rr=680Q,Cr=5.3nF,Ty=25°C 46 50 52 %
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Electrical Characteristics (cont'd)

Electrical characteristics are guaranteed over full junction temperature range (-40 to 105° C ). Ambient temperature must be derated based on
power dissipation and package thermal characteristics. The conditions are: Vcc = 15V, Rr = 10 kQ, and Cr = 3.3 nF, unless otherwise stated. To
override UVLO, Vcc should be raised above 17 V prior to test.

Parameter Symbol Test Condition | Min | Typ | Max | Unit
Error Amplifier
Input Voltage Ves Ty=25°C 2.475 2.50 2.525 \Y
Input Bias Current IBiAs -0.1 -1 uA
Voltage Gain AvoL 2 Veowr 4V 65 90 dB
Transconductance Gm 1 mA/mV
Unity Gain Bandwidth' GBW 0.8 1.2 MHz
Power Supply Rejection Ratio PSRR 12 Veo 25V 60 70 dB
Output Sink Current lcompL Veg=2.7V, Vconp = 1.1V 2 6 mA
Output Source Current lcompH Ves=2.3V,Vcomp =5V 0.5 0.8 mA
Output Swing High VcompH Vrs = 2.3V, RL =15 kQ to Ground 5 55 v
Output Swing Low VeompL Veig=2.7V,RL=15kQto Pin 8 0.7 1.1 v
Current Sense Comparator
Transfer Gain®® AVcs -0.2 Vsense 0.8V 2.85 3.0 3.15 VN
Isense Level Shift? Vis Vsense =0V 1.5 \
Maximum Input Signal? Voowe =5V 0.9 1 1.1 v
Power Supply Rejection Ratio PSRR 12 Vec 25V 70 dB
Input Bias Current Iias -1 -10 uA
Propagation Delay to Output' tep 85 150 ns
Output
Output Low Level Vou Isink =20 mA 0.1 0.4 v
VoL Isink = 200 mA 1.5 2.2 v
Output High Level Vou Isource = 20mA 13 13.5 \
Vou Isource = 200mA 12 13.5 \'
Rise Time' tr C.=1nF 50 150 ns
Fall Time' tF C.=1nF 50 150 ns
Housekeeping
Start-up Threshold Vec(on) 2842/4 15 16 17 \Y
2843/5 7.8 8.4 9.0 v
Minimum Operating Voltage Vee(min) 2842/4 9 10 11 v
Aifter Turn On 2843/5 7.0 7.6 8.2 Vv
Output Low Level in UV State Vouv Isink =20 mA, Vec =6V 1.5 2.0 v
Over-Temperature Shutdown* | Tor 125 °C
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Electrical Characteristics (cont'd)

Electrical characteristics are guaranteed over full junction temperature range (-40 to 105° C ). Ambient temperature must be derated based on
power dissipation and package thermal characteristics. The conditions are: Ve = 15V Rr = 10 k@, and Cr = 3.3 nF, unless otherwise stated. To
override UVLO, Ve should be raised above 17 V prior to test.

Parameter Symbol Test Condition Min Typ Max Unit
PWM
Maximum Duty Cycle Dmax 2842/3 94 97 100 %
Minimum Duty Cycle Dmin 2842/3 0 %
Maximum Duty Cycle Drmax 2844/5 49 49.5 50 %
Minimum Duty Cycle Dhmin 2844/5 0 %
Supply Current
Start-up Current lcc 2842/4, Vrg = Vsense =0V, Voo = 14V 0.5 1.0 mA
2843/5, Vrg = Vsense =0V, Voo =7 V 0.3 0.5 mA
Operating Supply Current Icc 9 17 mA
Ve Zener Voltage Vz lcc =25 mA 30 V.
Notes:

1. This parameter is not 100% tested in production.

2. Parameter measured at trip point of PWM latch.

3. Transfer gain is the relationship between current sense input and corresponding error amplifier output at the PWM latch trip point
and is mathematically expressed as follows:

Al
A=—2  _02< Vg <08V
AVS‘ENSE

4. At the over-temperature threshold, Tor, the oscillator is disabled. The 5 V reference and the PWM stages, including the PWM
latch, remain powered.
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Typical Performance Curves

Supply Current vs Supply Voltage
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Typical Performance Curves

Maximum Duty Cycle vs Timing
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Typical Performance Curves
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Application Information

The AS2842/3/4/5 family of current-mode control
ICs are low cost, high performance controllers
which are pin compatible with the industry
standard UC2842 series of devices. Suitable for
many switch mode power supply applications,
these I1Cs have been optimized for use in high
frequency off-line and DC-DC converters.
The AS2842 has been enhanced to provide
significantly improved performance, resulting in
exceptionally better tolerances in power supply
manufacturing. In addition, all electrical charac-
teristics are guaranteed over the full 0 to 105 °C
temperature range. Among the many enhance-
ments are: a precision trimmed 2.5 volt reference
(£0.5% of nominal at the error amplifier input),
a significantly reduced propagation delay from
current sense input to the IC output, a trimmed
oscillator for precise duty-cycle clamping, a
modified flip-flop scheme that gives a true
50% duty ratio clamp on 2844/45 types, and
an improved 5 V regulator for better AC noise
immunity. Furthermore, the AS2842 provides
guaranteed performance with current sense
input below ground. The advanced oscillator
design greatly simplifies synchronization. The
device is more completely specified to guarantee
all parameters that impact power supply
manufacturing tolerances.

Section 1— Theory of Operation

The functional block diagram of the AS2842 is
shown in Figure 1. The IC is comprised of the
six basic functions necessary to implement
current mode control; the under voltage lockout;
the reference; the oscillator; the error amplifier;
the current sense comparator/PWM latch;
and the output. The following paragraphs will
describe the theory of operation of each of the
functional blocks.

1.1 Undervoltage lockout (UVLO)

The undervoltage lockout function of the AS2842
holds the IC in a low quiescent current ( 1 mA)
“standby” mode until the supply voltage (Vce)
exceeds the upper UVLO threshold voltage. This
guaranteesthatall ofthe IC’s internal circuitry are
properly biased and fully functional before the
outputstage is enabled. Once the ICturns on, the
UVLO threshold shifts to a lower level (hyster-
esis) to prevent V¢ oscillations.

The low quiescent current standby mode of the
AS2842 allows “bootstrapping™—a technique
used in off-line converters to start the IC from the
rectified ACline voltage initially, after which power
tothe ICis provided by an auxiliary winding off the
power supply’s main transformer. Figure 14 shows
a typical bootstrap circuit where capacitor (C) is

Vbe -
>1 mA
R < l AS284x
V PRI SEC
R < /oo MIN 7[Vee
1mA
IC ENABLE
AC LINE p 6
out H
5 16 V/10 V (2842/4)
] — GND
8.4 V/7.8V (2843/5)

I+

AUX

Figure 14. Bootstrap Circuit
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charged via resistor (R) from the rectified AC line.
When the voltage on the capacitor (Vcc) reaches
the upper UVLO threshold, the IC (and hence,
the power supply) turns on and the voltage on C
begins to quickly discharge due to the increased
operating current. During this time, the auxiliary
winding begins to supply the current necessary
to run the IC. The capacitor must be sufficiently
large to maintain a voltage greater than the lower
UVLO threshold during start up. The value of R
must be selected to provide greater than 1 mA
of current at the minimum DC bus voltage
(R < VDCmin/1 mA).

The UVLO feature of the AS2842 has significant
advantages over standard 2842 devices. First,
the UVLO thresholds are based on atemperature
compensated band gap reference rather than
conventional zeners. Second, the UVLO dis-
ables the output at power down, offering addi-
tional protection in cases where Vgeg is heavily
decoupled. The UVLO on some 2842 devices
shuts down the 5 volt regulator only, which
results in eventual power down of the output only
after the 5 volt rail collapses. This can lead to
unwanted stresses on the switching devices dur-
ing power down. The AS2842 has two separate
comparators which monitor both Vcc and Vrer
and hold the output low if either are not within
specification.

The AS2842 family offers two different UVLO
options. The AS2842/4 has UVLO thresholds of
16 volts (on) and 10 volts (off). The AS2843/5 has
UVLO levels of 8.4 volts (on) and 7.6 volts (off).

1.2 Reference (Vreg and Vrs)

The AS2842 effectively has two precise band
gap based temperature compensated voltage
references. Most obvious is the Vreg pin (pin 8)
which is the output of a series pass regulator.
This 5.0 V output is normally used to provide
charging current to the oscillator’s timing
capacitor (Section 1.3). In addition, there is a

trimmed internal 2.5 V reference which is con-
nected to the non-inverting (+) input of the error
amplifier. The tolerance of the internal reference
is +0.5% overthe full specified temperature range,
and +1% for Vrea.

The reference section of the AS2842 is greatly
improved over the standard 2842 in a number of
ways. For example, in a closed loop system, the
voltage at the error amplifier's inverting input
(Ves, pin 1) is forced by the loop to match the
voltage at the non-inverting input. Thus, Vg is
the voltage which sets the accuracy of the entire
system. The 2.5 V reference of the AS2842 is
tightly trimmed for precision at Vgg, including
errors caused by the op amp, and is specified
over temperature. This method of trim provides a
precise reference voltage for the error amplifier
while maintaining the original 5 V regulator speci-
fications. In addition, force/sense (Kelvin) bond-
ing to the package pin is utilized to further im-
prove the 5V load regulation. Standard 2842’s,
on the other hand, specify tight regulation for the
5 V output only and rate it over line, load and
temperature. The voltage at Veg, which is of
critical importance, is loosely specified and only
at 25° C.

The reference section, in addition to providing a
precise DC reference voltage, also powers most
of the IC’s internal circuitry. Switching noise,
therefore, can be internally coupled onto the
reference. With this in mind, all of the logic within
the AS2842 was designed with ECL type circuitry
which generates less switching noise because it
runs at essentially constant current regardless of
logic state. This, together with improved AC
noise rejection, resultsin substantially less switch-
ing noise on the 5 V output.

The reference output is short circuit protected
and can safely deliver more than 20 mA to power
external circuitry.
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1.3 Oscillator

The newly designed oscillator of the AS2842 is
enhanced to give significantly improved perfor-
mance. These enhancements are discussed in
the following paragraphs. The basic operation of
the oscillator is as follows:

A simple RC network is used to program the
frequency and the maximum duty ratio of the
AS2842 output. See Figure 15. Timing capacitor
(Cr) is charged through timing resistor (Rt) from
the fixed 5.0 V at Vreg. During the charging time,
the OUT (pin 6) is high. Assuming that the output
is not terminated by the PWM latch, when the
voltage across Cr reaches the upper oscillator
trip point ( 3.0 V), an internal current sink from
pin 4 to ground is turned on and discharges Ct
towards the lower trip point. During this dis-
charge time, an internal clock pulse blanks the
output to its low state. When the voltage across
Cr reaches the lower trip point (1.3 V), the
current sink is turned off, the output goes high,
andthe cycle repeats. Since the outputis blanked
duringthe discharge of Cr, itis the discharge time
which controls the output deadtime and hence,
the maximum duty ratio.

T7 VCC
I

8
5V REG
Ry PWM '
<
CLOCK
4
—C OSCILLATOR
Ip
Cr—= AS2842

5 GND

) 6 OUTPUT

The nature of the AS2842 oscillator circuit is such
that, fora given frequency, many combinations of
Rt and Crare possible. However, only one value
of Rr will yield the desired maximum duty ratio at
a given frequency. Since a precise maximum
duty ratio clamp is critical for many power supply
designs, the oscillator discharge current is
trimmed in a unique manner which provides
significantly improved tolerances as explained
later in this section. In addition, the AS2844/5
options have aninternal flip-flop which effectively
blanks every other output pulse (the oscillator
runs at twice the output frequency), providing an
absolute maximum 50% duty ratio regardless of
discharge time.

1.3.1 Selecting timing components Rr and Cr

The values of Rr and Ct can be determined
mathematically by the following expressions:

C, = D _ 1.63D (1)
R.f. In & RT fosc
tJosc K,

vd 444
il I N

Large Ry/Small Cy
WAVAVAVAN
OUTPUT| | | | | | | | |

Small Ry/ Large Cy

Figure 15. Oscillator Set-up and Waveforms
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(K,)” - (K,)’

R. = VREG . (2)
T b -0
Iy (K.) ™ —(Ky)»
59 (0.73621; - (0.432):)_ D
(0.736) 5 — (0.432) 5
V. —
K, =" L <0736 (3)
REG
V. —
K, = /25— 0432 (4)
H

where fosc is the oscillator frequency, D is the
maximum duty ratio, Vs the oscillator's upper
trip point, VL is the lower trip point, Vg is the
Reference voltage, Ipis the discharge current.

Table 1 lists some common values of Rt and the
corresponding maximum duty ratio. To selectthe
timing components; first, use Table 1 or equation
(2) to determine the value of Rt that will yield the
desired maximum duty ratio. Then, use equation
(1) to calculate the value of Ct. For example, for
a switching frequency of 250 kHz and a maxi-
mum duty ratio of 50%, the value of Ry, from
Table 1,is 683 . Applying this value to equation
(1) and solving for Crgives a value of 4700 pF. In
practice, some fine tuning of the initial values
may be necessary during design. However, due
to the advanced design of the AS2842 oscillator,
once the final values are determined, they will
yield repeatable results, thus eliminating the need
for additional trimming of the timing components
during manufacturing.

1.3.2 Oscillator enhancements

The AS2842 oscillator is trimmed to provide
guaranteed duty ratio clamping. This means that
the discharge current (Ip) is trimmed to a value

Table 1. Rr vs Maximum Duty Ratio

Rr (Q) Dmax
470 22%
560 37%
683 50%
750 54%
820 58%
910 63%

1,000 66%

1,200 72%

1,500 77%

1,800 81%

2,200 85%

2,700 88%

3,300 90%

3,900 91%

4,700 93%

5,600 94%

6,800 95%

8,200 96%

10,000 97%
18,000 98%

that compensates for all of the tolerances within
the device (such as the tolerances of Vgeg,
propagation delays, the oscillator trip points, etc.)
which have an effect on the frequency and maxi-
mum duty ratio. For example, if the combined
tolerances of a particular device are 0.5% above
nominal, then Ipis trimmed to 0.5% above nomi-
nal. This method of trimming virtually
eliminates the need to trim external oscillator
components during power supply manufactur-
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ing. Standard 2842 devices specify or trim only
for a specific value of discharge current. This
makes precise and repeatable duty ratio clamp-
ing virtually impossible due to other IC toler-
ances. The AS2844/5 provides true 50% duty
ratio clamping by virtue of excluding from its flip-
flop scheme, the normal output blanking associ-
ated with the discharge of Ct. Standard AS2844/
5 devicesinclude the output blanking associated
with the discharge of Cr, resulting in somewhat
less than a 50% duty ratio.

1.3.3 Synchronization

The advanced design of the AS2842 oscillator
simplifies synchronizing the frequency of two or
more devices to each other or to an external
clock. The R1/Ct doubles as a synchronization
input which can easily be driven from any open
collector logic output. Figure 16 shows some
simple circuits forimplementing synchronization.

1.4 Error amplifier (COMP)

The AS2842 error amplifier is a wide bandwidth,
internally compensated operational amplifier
which provides a high DC open loop gain (90 dB).
The input to the amplifier is a PNP differential
pair. The non-inverting (+) input is internally con-
nectedtothe 2.5V reference, andthe inverting (-
)inputis available at pin 2 (Vrs). The output of the
error amplifier consists of an active pull-down
and a 0.8 mA current source pull-up as shown in
Figure 17. This type of output stage allows easy
implementation of soft start, latched shutdown
and reduced current sense clamp functions. It
also permits wire “OR-ing” of the error amplifier
outputs of several 2842s, or complete bypass of
the error amplifier when its output is forced to
remain in its “pull-up” condition.

8
VRea 5V
Open Open
Collector < Rt A 2842 Collector 3K
Output Output CMOS
_B__| 4 R/Cr — 3K
an] GND Ry/Cr
| 5
| :l: Cr 2K
SYNC EXTERNAL CLOCK
Figure 16. Synchronization
i
O—
1| COMP
|
From | COMPENSATION | E/A 0.8 mA
Vour NETWORK |
|
2| Vrs TO
| PWM
I
I
—_ |
|
250V

Figure 17. Error Amplifier Compensation
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In most typical power supply designs, the
converter’s output voltage is divided down and
monitored at the error amplifier’s inverting input,
Veg. A simple resistor divider network is used and
is scaled such that the voltage at Vrg is 2.5 V
when the converter's output is at the desired
voltage. The voltage at Vg is then compared to
the internal 2.5 V reference and any slight differ-
ence is amplified by the high gain of the error
amplifier. The resulting error amplifier output is
level shifted by two diode drops and is then
divided by three to provide a 0 to 1 V reference
(Ve)tooneinput of the current sense comparator.
The level shifting reduces the input voltage range
of the current sense input and prevents the
output from going high when the error amplifier
output is forced to its low state. An internal clamp
limits Ve to 1.0 V. The purpose of the clamp is
discussed in Section 1.5.

1.4.1 Loop compensation

Loop compensation of a power supply is neces-
sary to ensure stability and provide good
line/load regulation and dynamic response.
It is normally provided by a compensation
network connected between the error amplifier's
output (COMP) and inverting input as shown
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Figure 18. Gain/Phase Response of the AS2842

in Figure 17. The type of network used depends
on the converter topology and in particular, the
characteristics of the major functional blocks
within the supply - i.e. the error amplifier, the
modulator/switching circuit, and the output filter.
In general, the network is designed such that the
converters overall gain/phase response
approaches that of a single pole with a —20 dB/
decade rolloff, crossing unity gain at the highest
possible frequency (up to fsw/4) for good
dynamic response, with adequate phase margin
(> 45°) to ensure stability.

Figure 18 shows the Gain/Phase response of the
error amplifier. The unity gain crossing is at
1.2 MHz with approximately 57° C of phase
margin. This information is useful in determining
the configuration and characteristics required for
the compensation network.

One of the simplest types of compensation net-
works is shown in Figure 19. An RC network
provides a single pole which is normally set to
compensate for the zero introduced by the the
output capacitors ESR. The frequency of the
pole (fp) is determined by the formula;

1
- 5)
U ; C
Cr
|1
I
Re
Vour —MWA——
R

h —> To PWM

Reias

= 250V

Figure 19. A Typical Compensation Network
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Resistors Ry and Rr set the low frequency gain
and should be chosen to provide the highest
possible gain, without exceeding the unity gain
crossing frequency limit of fsw /4. Rgias, in con-
junction with Ry, sets the converter’s output volt-
age; but has no effect on the loop gain/phase
response.

There are a few converter design considerations
associated with the error amplifier. First, the
values of the divider network (R1 and Rgias)
should be kept low in order to minimize errors
caused by the error amplifier’s input bias current
(—1.0 pA). An output voltage error equal to the
product of the input bias current and the equiva-
lent divider resistance, can be quite significant
with divider values greaterthan 5k . Low divider
resistor values also help to improve the noise
immunity of the sensitive Vg input.

The second consideration is that the error ampli-
fier will typically source only 0.8 mA; thus, the
value of feedback resistance (Rr) should be no
lower than 5 kQ in order to maintain the error
amplifier's full output range. In practice, however,
the feedback resistance required is usually much
greater than 5 kQ, hence this limitation is nor-
mally not a problem.

Some power supply topologies may require a
more elaborate compensation network. For ex-
ample, flyback and boost converters operating
with continuous current have transfer functions
that include a right half plane (RHP) zero. These
types of systems require an additional pole
element within the compensation network.
Adetailed discussion of loop compensation, how-
ever, is beyond the scope of this application note.

1.5 Isense current comparator/PWM latch

The current sense comparator (sometimes called
the PWM comparator) and accompanying
latch circuitry make up the pulse width modulator
(PWM). It provides pulse-by-pulse current

sensing/limiting and generates a variable duty
ratio pulse train which controls the output voltage
of the power supply. Included is a high speed
comparator followed by ECL type logic circuitry
which has very low propagation delays and switch-
ing noise. This is essential for high frequency
power supply designs. The comparator has been
designed to provide guaranteed performance
with the current sense input below ground. The
PWNM latch ensures that only one pulseis allowed
at the output for each oscillator period.

Theinvertinginputto the current sense compara-
tor is internally connected to the level shifted
output of the error amplifier (Vg) as discussed in
the previous section. The non-inverting input is
the Isense input (pin 3). It monitors the switched
inductor current of the converter.

Figure 20 shows the current sense/PWM cir-
cuitry ofthe AS2842, and associated waveforms.
The output is set high by an internal clock pulse
and remains high until one of two conditions
occur; 1) the oscillator times out (Section 1.3 )or
2) the PWM latch is set by the current sense
comparator. During the time when the output is
high, the converter’s switching device is turned
on and current flows through resistor Rs. This
produces a stepped ramp waveform at pin 3 as
shown in Figure 20. The current will continue to
ramp up until it reaches the level of Vg at the
inverting input. At that point, the comparator’s
output goes high, setting the PWM latch and the
output pulse is then terminated. Thus, Ve is a
variable reference for the current sense com-
parator, and it controls the peak current sensed
by Rs on a cycle-by-cycle basis. Vs varies in
proportion to changes in the input voltage/current
(inner control loop) while Vg varies in proportion
to changes in the converters output voltage/
current (outer control loop). The two control loops
merge at the current sense comparator, produc-
ing a variable duty ratio pulse train that controls
the output of the converter.
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Figure 20. Current Sense/PWN Latch Circuit and Waveforms

The current sense comparator’s inverting input is
internally clamped to a level of 1.0 V to provide a
current limit (or power limit for multiple output
supplies) function. The value of Rsis selected to
produce 1.0 V at the maximum allowed current.
For example, if 1.5 A is the maximum allowed
peak inductor current, then Rs is selected to
equal 1 V/1.5 A =0.66 Q. In high power applica-
tions, power dissipation in the current sense
resistor may become intolerable. In such a case,
a current transformer can be used to step down
the current seen by the sense resistor. See
Figure 21.

| o -Ir_l_

Figure 21. Optional Current Transformer

1.6 Output (OUT)

The output stage of the AS2842 is a high current
totem-pole configuration that is well suited for
directly driving power MOSFETS. It is capable of
sourcing and sinking up to 1 A of peak current.
Cross conduction losses in the output stage have
been minimized resulting in lower power dissipa-
tioninthe device. Thisis particularly important for
high frequency operation. During undervoltage
shutdown conditions, the output is active low.
This eliminates the need for an external pulldown
resistor.

1.7 Over-temperature shutdown

The AS2842 has a built-in over-temperature
shutdown which will limit the die temperature to
130° C typically. When the over-temperature
condition is reached, the oscillator is disabled. All
other circuit blocks remain operational. There-
fore, when the oscillator stops running, output
pulses terminate without losing control of the
supply or losing any peripheral functions that
may be running off the 5 V regulator. The output
may go high during the final cycle, but the PWM
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latch is still fully operative, and the normal termi-
nation of this cycle by the current sense com-
parator will latch the output low until the over-
temperature condition is rectified. Cycling the
power will reset the over-temperature disable
mechanism, or the chip will re-start after cooling
through a nominal hysteresis band.

Section 2 — Design Considerations
2.1 Leading edge filter

The current sensed by Rs contains a leading
edge spike as shown in Figure 20. This spike is
caused by parasitic elements within the circuit
including the interwinding capacitance of the
power transformer and the recovery characteris-
tics of the rectifier diode(s). The spike, if not
properly filtered, can cause stability problems by
prematurely terminating the output pulse.

A simple RC filter is used to suppress the spike.
The time constant should be chosen such that

Ipi
~ - - |AVG2\

()

©

it approximately equals the duration of the spike.
A good choice for Ry is 1 kQ, as this value
is optimum for the filter and at the same
time, it simplifies the determination of Rsiope
(Section 2.2). If the duration of the spike is, for
example, 100 ns, then C is determined by:

_ Time Constant
- 1kQ

_ 100 ns

T 1kQ

=100 pF

6)

2.2 Slope compensation

Current-mode controlled converters can experi-
ence instabilities or subharmonic oscillations
when operated at duty ratios greater than 50%.
Two different phenomena can occur as shown

(b)

(d)

Figure 22. Slope Compensation
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graphically in Figure 22.

First, current-mode controllers detect and control
the peak inductor current, where as the
converter's output corresponds to the average
inductor current. Figure 22(a) clearly shows that
the average inductor current (I & I2) changes as
the duty ratio (D1 & D2) changes. Note that for a
fixed control voltage, the peak current is the
same for any duty ratio. The difference between
the peak and average currents represents an
error which causes the converter to deviate from
true current-mode control.

Second, Figure 22(b) depicts how a small pertur-
bation of the inductor current ( 1) can resultin an

unstable condition. For duty ratios less than 50
%, the disturbance will quickly converge to a
steady state condition. For duty ratios greater
than 50 %, | progressively increases on each

cycle, causing an unstable condition.

Both of these problems are corrected simulta-
neously by injecting a compensating ramp into
either the control voltage (Ve) as shown in Figure
22(c) & (d), or to the current sense waveform at
pin 3. Since VE is not directly accessible, and, a
positive ramp waveform is readily available from

VReG

Ry/Cr
AS2842

Isense
GND

5

the oscillator at pin 4, it is more practical to add
the slope compensation to the current waveform.
This can be implemented quite simply with the
addition of a single resistor, RsiopE, between pin
4 and pin 3 as shown in Figure 23(a). RsLopE, in
conjunction with the leading edge filter resistor,
R1 (Section 2.1), forms a divider network which
determines the amount of slope added to the
waveform. The amount of slope added to the
current waveform is inversely proportional to the
value of Rsiope. It has been determined that the
amount of slope (m) required is equal to or
greater than 1/2 the downslope (m2) of the induc-
tor current. Mathematically stated:

m,
m=—
2

In some cases the required value of RsLope may
be low enough to affect the oscillator circuit and
thus cause the frequency to shift. An emitter

follower circuit can be used as a buffer for RsLope
as depicted in Figure 23(b).

(7

Slope compensation can also be usedtoimprove
noise immunity in current mode converters oper-
ating at less than 50% duty ratio. Power supplies

VReg

Ry/Cr
AS2842

Isense
GND

5

Figure 23. Slope Compensation

ASTEC Semiconductor



AS2842/3/4/5

Current Mode Controller

operating under very light load can experience
instabilities caused by the low amplitude of the
current sense ramp waveform. In such a case,
any noise on the waveform can be sufficient to
trip the comparator resulting in random and pre-
mature pulse termination. The addition of a small
amount of artificial ramp (slope compensation)
can eliminate such problems without drastically
affecting the overall performance of the system.

2.3 Circuit layout and other considerations

The electronic noise generated by any switch-
mode power supply can cause severe stability
problems if the circuit is not layed-out (wired)
properly. Afew simple layout practices will help to
minimize noise problems.

When building prototype breadboards, never use
plug-in protoboards or wire wrap construction.
For best results, do all breadboarding on double
sided PCB using ground plane techniques. Keep

all traces and lead lengths to a minimum. Avoid
large loops and keep the area enclosed within
any loops to a minimum. Use common point
grounding techniques and separate the power
ground traces from the signal ground traces.
Locate the control IC and circuitry away from
switching devices and magnetics. Also, the tim-
ing capacitor’s ground connection must be right
atpin 5 as shown in Figure 15. These grounding
and wiring techniques are very important be-
cause the resistance and inductance of the traces
are significant enough to generate noise glitches
which can disrupt the normal operation of the IC.

Also, to provide a low impedance path for high
frequency noise, Vcc and Vgrer should be
decoupled to IC ground with 0.1 pF capacitors.
Additional decoupling in other sensitive areas
may also be necessary. It is very important to
locate the decoupling capacitors as close as
possible to the circuit being decoupled.
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Description

e 2.5V bandgap reference The AS3842 family of control ICs provide pin-for-pin

trimmed to 1.0% and
temperature-compensated

Standard temperature range
extended to 105° C

AS3842/3 oscillations trimmed
for precision duty cycle clamp

AS3844/5 have exact 50% max
duty cycle clamp

Advanced oscillator design
simplifies synchronization

Improved specs on UVLO
and hysteresis provide
more predictable start-up
and shutdown

Improved 5 V regulator provides
better AC noise immunity

Guaranteed performance
with current sense pulled
below ground

Pin Configuration — Topview
PDIP (N)

replacement of the industry standard UC3842 series of
devices. The devices are redesigned to provide signifi-
cantly improved tolerances in power supply manufactur-
ing. The 2.5 V reference has been trimmed to 1.0%
tolerance. The oscillator discharge current is trimmed to
provide guaranteed duty cycle clamping rather than speci-
fied discharge current. The circuit is more completely
specified to guarantee all parameters impacting power
supply manufacturing tolerances.

In addition, the oscillator and flip-flop sections have been
enhanced to provide additional performance. The Ry/Ct
pin now doubles as a synchronization input that can be
easily driven from open collector/open drain logic out-
puts. This sync input is a high impedance input and can
easily be used for externally clocked systems. The new
flip-flop topology allows the duty cycle on the AS3844/5to
be guaranteed between 49 and 50%. The AS3843/5
requires less than 0.5 mA of start-up current over the full
temperature range.

8L SOIC (D)

Ordering Information

Description Temperature Range Order Codes
8-Pin Plastic DIP 0to105°C AS3842/3/4/5N
8-Pin Plastic SOIC 0to105°C AS3842/3/4/5D-8

© ASTEC Semiconductor
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Functional Block Diagram
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Figure 1. Block Diagram of the AS3842/3/4/5

Pin Function Description

Pin Number  Function Description

1 COMP This pin is the error amplifier output. Typically used to provide loop compensation to
maintain Vg at 2.5 V.

2 Ves Inverting input of the error amplifier. The non-inverting input is a timmed 2.5 V
bandgap reference.

3 Current A voltage proportional to inductor current is connected to the input. The PWM uses

Sense this information to terminate the gate drive of the output.

4 Rt/Cr Oscillator frequency and maximum output duty cycle are set by connecting a resistor
(RT) to Vreg and a capacitor (Ct) to ground. Pulling this pin to ground or to Vgeg will
accomplish a synchronization function.

5 GND Circuit common ground, power ground, and IC substrate.

6 Output This output is designed to directly drive a power MOSFET switch. This output can sink
or source peak currents up to 1A. The output for the AS3844/5 switches at one-half the
oscillator frequency.

7 Vee Positive supply voltage for the IC.

8 VReG This 5 V regulated output provides charging current for the capacitor Ct through the

resistor Rr.
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Absolute Maximum Ratings
Parameter Symbol Rating Unit
Supply Voltage (Icc < 30 mA) Vee Self-Limiting \Y
Supply Voltage (Low Impedance Source) Vee 30 \
Output Current lout +1 A
Output Energy (Capacitive Load) 5 1N
Analog Inputs (Pin 2, Pin 3) -0.3t0 30 \Y
. Error Amp Sink Current 10 mA
Maximum Power Dissipation Pp
8L SOIC 750 mwW
8L PDIP 1000 mw
Maximum Junction Temperature Ty 150 °C
Storage Temperature Range TstG —651t0 150 °C
Lead Temperature, Soldering 10 Seconds TL 300 °C

Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanentdamage to the device. This is a stress
rating only and functional operation of the device at these or any other conditions above indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Recommended Conditions

Typical Thermal Resistances

Package

Oac Typical Derating

Parameter Symbol Rating
Supply Voltage Vee
AS3842,4 15
AS3843,5 10
Oscillator fosc 50 to 500

8L PDIP 95° C/W

50° C/W 10.5 mW/°C

8L SOIC 175° C/W

45° C/W 5.7 mW/°C
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Electrical Characteristics

Electrical characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated based on
power dissipation and package thermal characteristics. The conditions are: Ve = 15V, Rr = 10 kQ, and Cr = 3.3 nF, unless otherwise stated. To
override UVLO, Vcc should be raised above 17 V prior to test.

Parameter Symbol Test Condition [ Min | Typ | Max Unit
5 V Regulator
Output Voltage VreG Ty=25°C, lrRegg=1mA 4.95 5.00 5.05 \
Line Regulation PSRR 12 Vec 25V 2 10 mv
Load Regulation 1 lreg 20mA 2 10 mV
Temperature Stability' TCrea 0.2 0.4 mV/°C
Total Output Variation' Line, load, temperature 4.85 5.15 \'
Long-term Stability’ Over 1,000 hrs at 25° C 5 25 mv
Output Noise Voltage VNoise 10Hz f 100kHz, T y=25°C 50 uv
Short Circuit Current Isc 30 100 180 mA
2.5V Internal Reference
Nominal Voltage VrB T=25°C; lpec = 1MA 2.475 2.500 2.525 v
Line Regulation PSRR 12V Ve 25V 2 5 mvV
Load Regulation 1 Ireg 20 mA 2 5 mV
Temperature Stability’ TCvrs ) 0.1 0.2 mv/°C
Total Output Variation' Line, load, temperature 2.450 2.500 2.550 v
Long-term Stability’ Over 1,000 hrs at 125° C 2 12 mV
Oscillator
Initial Accuracy fosc Ty=25°C 47 52 57 kHz
Voltage Stability 12V Vee 25V 02 1 %
Temperature Stability' TGt Tun Ty Twmax 5 %
Amplitude fosc Vrrict peak-to-peak 1.6
Upper Trip Point VH 29
Lower Trip Point \' 1.3
Sync Threshold Vsyne 400 600 800 mV
Discharge Current Ip 75 8.7 9.5 mA
Duty Cycle Limit Rr=680Q,Cr=5.3nF, Ty=25°C 46 50 52 %
ASTEC Semiconductor
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Electrical Characteristics (cont'd)

Electrical characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated based on
power dissipation and package thermal characteristics. The conditions are: Vec = 15V, Rr = 10 kQ, and Cr = 3.3 nF, unless otherwise stated. To
override UVLO, Vcc should be raised above 17 V prior to test.

Parameter Symbol Test Condition | Min | Typ | Max | Unit
Error Amplifier
Input Voltage Vs Ty=25°C 2.475 2.500 2.525 \
Input Bias Current lias -0.1 -1 nA
Voltage Gain AvoL 2 Veowr 4V 65 90 1 dB
Transconductance Gm 1 mA/mV
Unity Gain Bandwidth' GBW 0.8 1.2 MHz
Power Supply Rejection Ratio PSRR 12 Vo 25V 60 70 dB
Output Sink Current lcomeL Ves=2.7V, Veomp = 1.1V 2 6 mA
Output Source Current lcompH Ves=23V,Vcomp =5V 0.5 0.8 mA
Output Swing High VcowmeH Ve =23V, RL =15 kQ to Ground 5 55
Output Swing Low VeompL Ves=2.7V,RL=15kQto Pin 8 0.7 1.1 v
Current Sense Comparator
Transfer Gain®® AVcg -0.2 Vgense 0.8V 2.85 3.0 3.15 VNV
Isense Level Shift? Vis Vsense =0V 1.5
Maximum Input Signal® Veomp =5V 0.9 1 1.1
Power Supply Rejection Ratio PSRR 12 Ve 25V 70 dB
Input Bias Current Igias -1 -10 HA
Propagation Delay to Output' trD 85 150 ns
Output
Output Low Level VoL Isink = 20 mA 0.1 0.4 Vv
Vou Isink = 200 mA 1.5 2.2 v
Output High Level Von Isource = 20mA 13 13.5 v
VoH Isource = 200mA 12 13.5 v
Rise Time' tr C.=1nF 50 150 ns
Fall Time' te CL=1nF 50 150 ns
Housekeeping
Start-up Threshold Vee(on) 3842/4 15 16 17 v
3843/5 7.8 8.4 9.0 \
Minimum Operating Voltage Vee(min) 3842/4 9 10 11 v
After Turn On 3843/5 7.0 7.6 8.2 \Y
Output Low Level in UV State Vouv Isink =20 mA, Vec =6 V 15 2.0 v
Over-Temperature Shutdown* | Tor 125 °C
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Electrical Characteristics (cont'd)

Electrical characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated based on
power dissipation and package thermal characteristics. The conditions are: Vec = 15V, Ry = 10 kQ, and Cr = 3.3 nF, unless otherwise stated. To
override UVLO, Vcc should be raised above 17 V prior fo test.

Parameter Symbol Test Condition Min Typ Max Unit
PWM
Maximum Duty Cycle Dmax 3842/3 94 97 100 %
Minimum Duty Cycle Drmin 3842/3 0 %
Maximum Duty Cycle Drmax 3844/5 49 49.5 50 %
Minimum Duty Cycle Dmin 3844/5 0 %
Supply Current
Start-up Current lec 3842/4, kg = Vsense =0V, Vec = 14V 0.5 1.0 mA
3843/5, Vrs = Vsense =0V, Vee =7V 0.3 0.5 mA
Operating Supply Current lcc 9 17 mA
Ve Zener Voltage Vz lcc=25mA 30 v
Notes:

1. This parameter is not 100% tested in production.

2. Parameter measured at trip point of PWM latch.

3. Transfer gain is the relationship between current sense input and corresponding error amplifier output at the PWM latch trip point
and is mathematically expressed as follows:

A= AI_C%; —02< Ve 0.8V
AVSENSE

4. Atthe over-tem'perature threshold, Tor, the oscillator is disabled. The 5 V reference and the PWM stages, including the PWM
latch, remain powered.
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Typical Performance Curves

Supply Current vs Supply Voltage
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Typical Performance Curves

Maximum Duty Cycle vs Timing
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Typical Performance Curves
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Application Information

The AS3842/3/4/5 family of current-mode control
ICs are low cost, high performance controllers
which are pin compatible with the industry
standard UC3842 series of devices. Suitable for
many switch mode power supply applications,
these ICs have been optimized for use in high
frequency off-line and DC-DC converters.
The AS3842 has been enhanced to provide
significantly improved performance, resulting in
exceptionally better tolerances in power supply
manufacturing. In addition, all electrical charac-
teristics are guaranteed over the full 0 to 105 °C
temperature range. Among the many enhance-
ments are: aprecision trimmed 2.5 voltreference
(+/- 1% of nominal at the error amplifier input),
a significantly reduced propagation delay from
current sense input to the IC output, a trimmed
oscillator for precise duty-cycle clamping, a
modified flip-flop scheme that gives a true
50% duty ratio clamp on 3844/45 types, and
an improved 5 V regulator for better AC noise
immunity. Furthermore, the AS3842 provides
guaranteed performance with current sense
input below ground. The advanced oscillator
design greatly simplifies synchronization. The
device is more completely specified to guarantee
all parameters that impact power supply
manufacturing tolerances.
Vbc

Section 1— Theory of Operation

The functional block diagram of the AS3842 is
shown in Figure 01. The IC is comprised of the
six basic functions necessary to implement
current mode control; the under-voltage lockout;
the reference; the oscillator; the error amplifier;
the current sense comparator/PWM latch;
and the output. The following paragraphs will
describe the theory of operation of each of the
functional blocks.

1.1 Under-voltage lockout (UVLO)

The under-voltage lockout function of the AS3842
holds the IC in a low quiescent current ( 1 mA)
“standby” mode until the supply voltage (Vcc)
exceeds the upper UVLO threshold voltage. This
guaranteesthatall of the IC’s internal circuitry are
properly biased and fully functional before the
output stage is enabled. Once the IC turns on, the
UVLO threshold shifts to a lower level (hyster-
esis) to prevent Ve oscillations.

The low quiescent current standby mode of the
AS3842 allows “bootstrapping™—a technique
used in off-line converters to start the IC from the
rectified AC line voltage initially, after which power
tothe ICis provided by an auxiliary winding off the
power supply’s maintransformer. Figure 14 shows
a typical bootstrap circuit where capacitor (C) is

>1 mA
R

AS384x

3
\
R </DCMN 7 Voo

SEC

1mA

AC LINE P

[&)]

GND

IC ENABLE
ouT

16 V/10 V (3842/4)
8.4 V/7.8 V (3843/5)

£
1

I+

Figure 14. Bootstrap Circuit
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chargedviaresistor (R) from the rectified AC line.
When the voltage on the capacitor (Vcc) reaches
the upper UVLO threshold, the IC (and hence,
the power supply) turns on and the voltage on C
begins to quickly discharge due to the increased
operating current. During this time, the auxiliary
winding begins to supply the current necessary
to run the IC. The capacitor must be sufficiently
large to maintain a voltage greater than the lower
UVLO threshold during start up. The value of R
must be selected to provide greater than 1 mA
of current at the minimum DC bus voltage
(R < VDCmin/1 mA).

The UVLO feature of the AS3842 has significant
advantages over standard 3842 devices. First,
the UVLO thresholds are based on a temperature
compensated band gap reference rather than
conventional zeners. Second, the UVLO dis-
ables the output at power down, offering addi-
tional protection in cases where Vreg is heavily
decoupled. The UVLO on some 3842 devices
shuts down the 5 volt regulator only, which
results in eventual power down of the output only
after the 5 volt rail collapses. This can lead to
unwanted stresses on the switching devices dur-
ing power down. The AS3842 has two separate
comparators which monitor both Vcc and Vger
and hold the output low if either are not within
specification.

The AS3842 family offers two different UVLO
options. The AS3842/4 has UVLO thresholds of
16 volts (on) and 10 volts (off). The AS3843/5 has
UVLO levels of 8.4 volts (on) and 7.6 volts (off).

1.2 Reference (Vreg and Veg)

The AS3842 effectively has two precise band
gap based temperature compensated voltage
references. Most obvious is the Vreg pin (pin 8)
which is the output of a series pass regulator.
This 5.0 V output is normally used to provide
charging current to the oscillator’s timing
capacitor (Section 1.3). In addition, there is a

trimmed internal 2.5 V reference which is con-
nected to the non-inverting (+) input of the error
amplifier. The tolerance of the internal reference
is + 1% over the full specified temperature range,
and + 1% for Vgea.

The reference section of the AS3842 is greatly
improved over the standard 3842 in a number of
ways. For example, in a closed loop system, the
voltage at the error amplifier's inverting input
(Ves, pin 1) is forced by the loop to match the
voltage at the non-inverting input. Thus, Vrg is
the voltage which sets the accuracy of the entire
system. The 2.5 V reference of the AS3842 is
tightly trimmed for precision at Veg, including
errors caused by the op amp, and is specified
overtemperature. This method of trim provides a
precise reference voltage for the error amplifier
while maintaining the original 5 V regulator speci-
fications. In addition, force/sense (Kelvin) bond-
ing to the package pin is utilized to further im-
prove the 5 V load regulation. Standard 3842’s,
on the other hand, specify tight regulation for the
5 V output only and rate it over line, load and
temperature. The voltage at Vs, which is of
critical importance, is loosely specified and only
at 25° C.

The reference section, in addition to providing a
precise DC reference voltage, also powers most
of the IC’s internal circuitry. Switching noise,
therefore, can be internally coupled onto the
reference. With this in mind, all of the logic within
the AS3842 was designed with ECL type circuitry
which generates less switching noise because it
runs at essentially constant current regardless of
logic state. This, together with improved AC
noise rejection, results in substantially less switch-
ing noise on the 5 V output.

The reference output is short circuit protected
and can safely deliver more than 20 mA to power
external circuitry.

ASTEC Semiconductor

65



AS3842/3/4/5

Current Mode Controller

1.3 Oscillator

The newly designed oscillator of the AS3842 is
enhanced to give significantly improved perfor-
mance. These enhancements are discussed in
the following paragraphs. The basic operation of
the oscillator is as follows:

A simple RC network is used to program the
frequency and the maximum duty ratio of the
AS3842 output. See Figure 15. Timing capacitor
(C7) is charged through timing resistor (Rt) from
the fixed 5.0 V at Vrea. During the charging time,
the OUT (pin 6) is high. Assuming that the output
is not terminated by the PWM latch, when the
voltage across Cr reaches the upper oscillator
trip point ( 3.0 V), an internal current sink from
pin 4 to ground is turned on and discharges Cr
towards the lower trip point. During this dis-
charge time, an internal clock pulse blanks the
output to its low state. When the voltage across
Cr reaches the lower trip point (1.3 V), the
current sink is turned off, the output goes high,
andthe cycle repeats. Since the outputis blanked
during the discharge of Cr, itis the discharge time
which controls the output deadtime and hence,
the maximum duty ratio.

The nature of the AS3842 oscillator circuitis such
that, fora given frequency, many combinations of
Rrand Crare possible. However, only one value
of Rt will yield the desired maximum duty ratio at
a given frequency. Since a precise maximum
duty ratio clamp is critical for many power supply
designs, the oscillator discharge current is
trimmed in a unique manner which provides
significantly improved tolerances as explained
later in this section. In addition, the AS3844/5
options have aninternal flip-flop which effectively
blanks every other output pulse (the oscillator
runs at twice the output frequency), providing an
absolute maximum 50% duty ratio regardless of
discharge time.

1.3.1 Selecting timing components Rr and Crt

The values of Rt and Crcan be determined
mathematically by the following expressions:

D _ 1.63D
j RT fOSC

C, = 1)

K
R fose ln(K—L

H

vaaaa
OUTPUT | || || | l

Large Ry/Small Ct
CT/\/\/\/\
0UTPUT| | I | | | | | I

Small Ry/ Large Ct

Figure 15. Oscillator Set-up and Waveforms
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p = Vare  (K)” = (K,)" (2y  Table 1. Rrvs Maximum Duty Ratio
T — 1-D 1-D
1, (K,)? - (Ky) ™ Rr (Q) Dmax
470 22%
_ gy, (0:736)7 — (0432)0 560 37%
(0.736) 5 — (0.432) 5 683 50%
750 54%
V.. _V 820 58%
K, =22 £%0736 (3) 910 53%
REG
1,000 66%
Viee =V, :
Ky = —"——" = 0.432 (4) 1,200 72%
H
1,500 77%
where fosc is the oscillator frequency, D is the 1,800 81%
maximum duty ratio, Vn is the oscillator's upper 2,200 85%
trip point, V. is the lower trip point, Vg is the R
Reference voltage, Ip is the discharge current. 2,700 88%
Table 1 lists some common values of Rt and the 3,300 90%
corresponding maximum duty ratio. To select the 3,900 91%
timing components; first, use Table 1 or equation 4.700 3%
(2) to determine the value of Rt that will yield the i °
desired maximum duty ratio. Then, use equation 5,600 94%
(1) to calculate the value of Ct. For example, for 6.800 959,
a switching frequency of 250 kHz and a maxi- ’ °
mum duty ratio of 50%, the value of Rr, from 8,200 96%
Table 1,is 683 . Applying this value to equation 10.000 97%
(1) and solving for Crgives a value of 4700 pF. In :
practice, some fine tuning of the initial values 18,000 98%

may be necessary during design. However, due
to the advanced design of the AS3842 oscillator,
once the final values are determined, they will
yield repeatable results, thus eliminating the need
for additional trimming of the timing components
during manufacturing.

1.3.2 Oscillator enhancements

The AS3842 oscillator is trimmed to provide
guaranteed duty ratio clamping. This means that
the discharge current (Ip ) is trimmed to a value

that compensates for all of the tolerances within
the device (such as the tolerances of Vgeg,
propagation delays, the oscillator trip points, etc.)
which have an effect on the frequency and maxi-
mum duty ratio. For example, if the combined
tolerances of a particular device are 0.5% above
nominal, then Ipis trimmed to 0.5% above nomi-
nal. This method of trimming virtually
eliminates the need to trim external oscillator
components during power supply manufactur-
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ing. Standard 3842 devices specify or trim only
for a specific value of discharge current. This
makes precise and repeatable duty ratio clamp-
ing virtually impossible due to other IC toler-
ances. The AS3844/5 provides true 50% duty
ratio clamping by virtue of excluding from its flip-
flop scheme, the normal output blanking associ-
ated with the discharge of Cr. Standard 3844/5
devices include the output blanking associated
with the discharge of Cr, resulting in somewhat
less than a 50% duty ratio.

1.3.3 Synchronization

The advanced design of the AS3842 oscillator
simplifies synchronizing the frequency of two or
more devices to each other or to an external
clock. The Ry/Ct doubles as a synchronization
input which can easily be driven from any open
collector logic output. Figure 16 shows some
simple circuits forimplementing synchronization.

1.4 Error amplifier (COMP)

The AS3842 error amplifier is a wide bandwidth,
internally compensated operational amplifier
which provides a high DC open loop gain (90 dB).
The input to the amplifier is a PNP differential
pair. The non-inverting (+) input is internally con-
nectedtothe 2.5V reference, and the inverting (-
)inputis available at pin 2 (Vrs). The output of the
error amplifier consists of an active pull-down
and a 0.8 mA current source pull-up as shown in
Figure 17. This type of output stage allows easy
implementation of soft start, latched shutdown
and reduced current sense clamp functions. It
also permits wire “OR-ing” of the error amplifier
outputs of several 3842s, or complete bypass of
the error amplifier when its output is forced to
remain in its “pull-up” condition.

8
VRea 5V
Open Open
Collector < Ry AS3842 Collector 3K
Output Output CMOS
— === 1t Rrlor _— 3K
GND R/Cy
[ 5
| _I_ Cr 2K
SYNC EXTERNAL CLOCK
Figure 16. Synchronization
A‘}_ ______________
| 11 comp
COMPENSATION : E/A 0.8 mA
Vour NETWORK |
1 |
\ O -
2| Ve e
PWM
i+

250V

Figure 17. Error Amplifier Compensation
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In most typical power supply designs, the
converter's output voltage is divided down and
monitored at the error amplifier’s inverting input,
Veg. Asimple resistor divider networkis used and
is scaled such that the voltage at Vrgis 2.5 V
when the converter's output is at the desired
voltage. The voltage at Vrg is then compared to
the internal 2.5 V reference and any slight differ-
ence is amplified by the high gain of the error
amplifier. The resulting error amplifier output is
level shifted by two diode drops and is then
divided by three to provide a 0 to 1 V reference
(Ve) tooneinput of the current sense comparator.
The level shifting reduces the input voltage range
of the current sense input and prevents the
output from going high when the error amplifier
output is forced to its low state. An internal clamp
limits Ve to 1.0 V. The purpose of the clamp is
discussed in Section 1.5.

1.4.1 Loop compensation

Loop compensation of a power supply is neces-
sary to ensure stability and provide good
line/load regulation and dynamic response.
It is normally provided by a compensation
network connected between the error amplifier's
output (COMP) and inverting input as shown

80 240

N 210

Gain

60 N 180

Tse \\ 150
N 120 8
—~ 40 9]
g AN g
c 90 =}
8 N 2
20 AN N 60 8
\ \ &

N \ 30

0 \\\ 0

\ -30

-20 -60

100 102 108 104 105 106 107

Frequency (Hz)

Figure 18. Gain/Phase Response of the AS3842

in Figure 17. The type of network used depends
on the converter topology and in particular, the
characteristics of the major functional blocks
within the supply - i.e. the error amplifier, the
modulator/switching circuit, and the output filter.
In general, the network is designed such that the
converter’s overall gain/phase response
approaches that of a single pole with a =20 dB/
decade rolloff, crossing unity gain at the highest
possible frequency (up to fsw/4) for good
dynamic response, with adequate phase margin
(> 45°) to ensure stability.

Figure 18 shows the Gain/Phase response of the
error amplifier. The unity gain crossing is at
1.2 MHz with approximately 57° C of phase
margin. This information is useful in determining
the configuration and characteristics required for
the compensation network.

One of the simplest types of compensation net-
works is shown in Figure 19. An RC network
provides a single pole which is normally set to
compensate for the zero introduced by the the
output capacitor's ESR. The frequency of the
pole (fp) is determined by the formula;

1
SE - 5)
Jr=2a R, C,
Ce
|1
I
Re
Vour —MAN—
R

h b—» To PWM

Raias

= 250V

Figure 19. A Typical Compensation Network
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Resistors Ry and Rr set the low frequency gain
and should be chosen to provide the highest
possible gain, without exceeding the unity gain
crossing frequency limit of fsw /4. Rgias, in con-
junction with Ry, sets the converter’s output volt-
age; but has no effect on the loop gain/phase
response.

There are a few converter design considerations
associated with the error amplifier. First, the
values of the divider network (R1 and Rgias)
should be kept low in order to minimize errors
caused by the error amplifier’s input bias current.
An outputvoltage error equal to the product of the
input bias current and the equivalent divider
resistance, can be quite significant with divider
values greater than 5 k. Low divider resistor
values also help to improve the noise immunity of
the sensitive Vg input.

The second consideration is that the error ampli-
fier will typically source only 0.8 mA; thus, the
value of feedback resistance (Rr) should be no
lower than 5 kQ in order to maintain the error
amplifier's full output range. In practice, however,
the feedback resistance requiredis usually much
greater than 5 kQ, hence this limitation is nor-
mally not a problem.

Some power supply topologies may require a
more elaborate compensation network. For ex-
ample, flyback and boost converters operating
with continuous current have transfer functions
that include a right half plane (RHP) zero. These
types of systems require an additional pole
element within the compensation network.
Adetailed discussion of loop compensation, how-
ever, is beyond the scope of this application note.

1.5 Isense current comparator/PWM latch

The current sense comparator (sometimes called
the PWM comparator) and accompanying
latch circuitry make up the pulse width modulator
(PWM). 1t provides pulse-by-pulse current

sensing/limiting and generates a variable duty

- ratio pulse train which controls the output voltage
of the power supply. Included is a high speed
comparator followed by ECL type logic circuitry
which has very low propagation delays and switch-
ing noise. This is essential for high frequency
power supply designs. The comparator has been
designed to provide guaranteed performance
with the current sense input below ground. The
PWM latch ensures thatonly one pulse is allowed
at the output for each oscillator period.

The inverting inputto the current sense compara-
tor is internally connected to the level shifted
output of the error amplifier (Vg) as discused in
the previous section. The non-inverting input is
the Isense input (pin 3). It monitors the switched
inductor current of the converter.

Figure 20 shows the current sense/PWM cir-
cuitry of the AS3842, and associated waveforms.
The output is set high by an internal clock pulse
and remains high until one of two conditions
occur; 1) the oscillator times out (Section 1.3 )or
2) the PWM latch is set by the current sense
comparator. During the time when the output is
high, the converter’s switching device is turned
on and current flows through resistor Rs. This
produces a stepped ramp waveform at pin 3 as
shown in Figure 20. The current will continue to
ramp up until it reaches the level of Vg at the
inverting input. At that point, the comparator’s
output goes high, setting the PWM latch and the
output pulse is then terminated. Thus, Ve is a
variable reference for the current sense com-
parator, and it controls the peak current sensed
by Rs on a cycle-by-cycle basis. Vs varies in
proportion to changesin the input voltage/current
(inner control loop) while Ve varies in proportion
to changes in the converters output voltage/
current (outer control loop). The two control loops
merge at the current sense comparator, produc-
ing a variable duty ratio pulse train that controls
the output of the converter.
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Figure 20. Current Sense/PWN Latch Circuit and Waveforms

The current sense comparator’s inverting input is
internally clamped to a level of 1.0 V to provide a
current limit (or power limit for multiple output
supplies) function. The value of Rsis selected to
produce 1.0 V at the maximum allowed current.
For example, if 1.5 A is the maximum allowed
peak inductor current, then Rs is selected to
equal 1 V/1.5 A =0.66 Q. In high power applica-
tions, power dissipation in the current sense
resistor may become intolerable. In such a case,
a current transformer can be used to step down
the current seen by the sense resistor. See

- gﬁ .
k=

Figure 21. Optional Current Transformer

1.6 Output (OUT)

The output stage of the AS3842 is a high current
totem-pole configuration that is well suited for
directly driving power MOSFETSs. It is capable of
sourcing and sinking up to 1 A of peak current.
Cross conduction losses inthe output stage have
been minimized resulting in lower power dissipa-
tioninthe device. Thisis particularly important for
high frequency operation. During under-voltage
shutdown conditions, the output is active low.
This eliminates the need for an external pulidown
resistor.

1.7 Over-temperature shutdown

The AS3842 has a built-in over-temperature
shutdown which will limit the die temperature to
130° C typically. When the over-temperature
condition is reached, the oscillator is disabled. All
other circuit blocks remain operational. There-
fore, when the oscillator stops running, output
pulses terminate without losing control of the
supply or losing any peripheral functions that
may be running off the 5 V regulator. The output
may go high during the final cycle, but the PWM
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latch is still fully operative, and the normal termi-
nation of this cycle by the current sense com-
parator will latch the output low until the over-
temperature condition is rectified. Cycling the
power will reset the over-temperature disable
mechanism, or the chip will re-start after cooling
through a nominal hysteresis band.

Section 2 - Design Considerations
2.1 Leading edge filter

The current sensed by Rs contains a leading
edge spike as shown in Figure 20. This spike is
caused by parasitic elements within the circuit
including the interwinding capacitance of the
power transformer and the recovery characteris-
tics of the rectifier diode(s). The spike, if not
properly filtered, can cause stability problems by
prematurely terminating the output pulse.

A simple RC filter is used to suppress the spike.
The time constant should be chosen such that

lek

(a)

(c)

it approximately equals the duration of the spike.
A good choice for Ry is 1 kQ, as this value
is optimum for the filter and at the same
time, it simplifies the determination of Rsiore
(Section 2.2). If the duration of the spike is, for
example, 100 ns, then C is determined by:

_ Time Constant
B 1kQ

_ 100 ns
C1kQ

=100 pF

(6)

2.2 Slope compensation

Current-mode controlled converters can experi-
ence instabilities or subharmonic oscillations
when operated at duty ratios greater than 50%.
Two different phenomena can occur as shown

(b)

(d)

Figure 22. Slope Compensation

ASTEC Semiconductor

72



Current Mode Controller

AS3842/3/4/5

graphically in Figure 22.

First, current-mode controllers detect and control
the peak inductor current, where as the
converter's output corresponds to the average
inductor current. Figure 22(a) clearly shows that
the average inductor current (I1 & I2) changes as
the duty ratio (D1 & D2) changes. Note that for a
fixed control voltage, the peak current is the
same for any duty ratio. The difference between
the peak and average currents represents an
error which causes the converter to deviate from
true current-mode control.

Second, Figure 22(b) depicts how a small pertur-
bation of the inductor current ( 1) can resultin an

unstable condition. For duty ratios less than 50
%, the disturbance will quickly converge to a
steady state condition. For duty ratios greater
than 50 %, | progressively increases on each

cycle, causing an unstable condition.

Both of these problems are corrected simulta-
neously by injecting a compensating ramp into
either the control voltage (Ve) as shown in Figure
22(c) & (d), or to the current sense waveform at
pin 3. Since Vg is not directly accessible, and, a
positive ramp waveform is readily available from

VRea

Ry/Cr
AS3842

IsensE
GND

the oscillator at pin 4, it is more practical to add
the slope compensation to the current waveform.
This can be implemented quite simply with the
addition of a single resistor, RsLope, between pin
4 and pin 3 as shown in Figure 23(a). RsLopg, in
conjunction with the leading edge filter resistor,
R1 (Section 2.1), forms a divider network which
determines the amount of slope added to the
waveform. The amount of slope added to the
current waveform is inversely proportional to the
value of RsLope. It has been determined that the
amount of slope (m) required is equal to or
greater than 1/2 the downslope (m2) of the induc-
tor current. Mathematically stated:

mz2 o
2
In some cases the required value of RsLope may
be low enough to affect the oscillator circuit and
thus cause the frequency to shift. An emitter
follower circuit can be used as a buffer for RsLope
as depicted in Figure 23(b).

)

Slope compensation can also be used toimprove
noise immunity in current mode converters oper-
ating at less than 50% duty ratio. Power supplies

VREG

Ry/Cr
AS3842

Isense
GND

5

Figure 23. Slope Compensation
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operating under very light load can experience
instabilities caused by the low amplitude of the
current sense ramp waveform. In such a case,
any noise on the waveform can be sufficient to
trip the comparator resulting in random and pre-
mature pulse termination. The addition of a small
amount of artificial ramp (slope compensation)
can eliminate such problems without drastically
affecting the overall performance of the system.

2.3 Circuit layout and other considerations

The eletronic noise generated by any switch-
mode power supply can cause severe stability
problems if the circuit is not layed-out (wired)
properly. Afew simple layout practices will help to
minimize noise problems.

When building prototype breadboards, neveruse
plug-in protoboards or wire wrap construction.
For best results, do all breadboarding on double

sided PCB using ground plane techniques. Keep
all traces and lead lengths to a minimum. Avoid
large loops and keep the area enclosed within
any loops to a minimum. Use common point
grounding techniques and separate the power
ground traces from the signal ground traces.
Locate the control IC and circuitry away from
switching devices and magnetics. Also, the tim-
ing capacitor’s ground connection must be right
at pin 5 as shown in Figure 15. These grounding
and wiring techniques are very important be-
cause the resistance andinductance of the traces
are significant enough to generate noise glitches
which can disrupt the normal operation of the IC.

Also, to provide a low impedance path for high
frequency noise, Vcc and Vwrer should be
decoupled to IC ground with 0.1 uF capacitors.
Additional decoupling in other sensitive areas
may also be necessary. It is very important to
locate the decoupling capacitors as close as
possible to the circuit being decoupled.
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AS2214

Primary Side PWM Controller
Proposed Specification

Features
® |ow Startup Current

® Bulk and AC sensing
e Soft Start

@ Single-start or auto-restart
modes

@ Oscillator trimmed for precision
duty cycle clamp

e Standard temperature range
extended to 105°C

® Remote on / off control

e Buffered Ramp for slope
compensation

@ Standard current mode control

Description

The AS2214 is a full featured, pulse width modulation con-
troller. Based onanimproved AS3842, the AS2214 provides
additional features that reduce component count and im-
prove specifications in a wide range of power supply de-
signs. The added functionality includes AC power and bulk
voltage sensing, over-voltage input, as well as the ability to
latch off or bounce through different fault conditions.

The PWM function is controlled by the current sense com-
parator for normal current mode control and a second com-
parator for voltage mode soft start. A buffered RAMP signal
is available for slope compensation without loading the
oscillator. The output stage is a high current totem pole
output that sees only 140ns delay from the PWM compara-
tor.

The AS2214 requires less than 10pA of startup current. The
undervoltage lockout (UVLO) thresholds are nominally 15V
for turn on and 8 V for turn off. A precision 2.5 V bandgap
reference serves as an input for the error amplifier. The
oscillator discharge current is trimmed to provide guaran-
teed duty cycle clamping.

Pin Configuration — Topview

Voo I3 T out
Vees 2 73] aND
comp {3 12] BOK
Ves 14 El LEN
ISNS 5 [10] AcP
ss 6 (o] ov
RAMP {7 [ 8] RT/CT
Ordering Information
Product Package Temperature Range Order Code
AS2214 14-Pin Plastic DIP 0to 105°C 2214-14*N-F-000
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Functional Block Diagram
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Pin Function Description

Pin Number  Function

Description

1 Vee Positive supply voltage for the IC.

2 VreG Output of 5V series regulator.

3 COMP This pin is the error amplifier output. Typically used to provide loop compensation to
maintain Veg at 2.5 V.

4 Ves Inverting input of the error amplifier. The non-inverting input is a trimmed 2.5 V
bandgap reference.

5 ISNS A voltage proportional to inductor current is connected to this pin. The PWM uses this
information to terminate the gate drive of the output.

6 SS This pin provides a 6pA current source to linearly charge an external capacitor This pin
is compared to the RAMP pin in the soft start comparator, lermlnatlng output pulses when
RAMP goes above the SS voltage.

7 RAMP This pin is a level-shifted and buffered oscillator signal used to provide slope compensa-
tion to the current sense signal. The pin also serves as the non-rnvertlng input of the soft-
start comparator. S

8 RT/CT Oscillator frequency and maximum duty cycle are set by connectmg a resistor (Ry) to
VREG and a capacitor (Cy) to ground

9 ov This pin latches SS low when pulled above 2.5 V. The latch can be reset by pulling
OV above 4 V then back to ground

10 ACP This pin detects the presence of AC signal and drives LEN high.

11 LEN This pin must be high to enable starting. The pin can also clear all latches by going low

_then high.
12 BOK This pin monitors the bulk voltage through a resistor divider and, when BOK exceeds
: 2.5V, provides a 50pA current source for hysteresis. When BOK drops below 2.5V, SS

is pulled low and the hysteresis current is turned off. Auto-restart after a brown-out is
possible.

13 GND Circuit common ground.

14 ouT This totem pole output is designed to directly drive a power MOSFET switch capable of
sourcing and sinking peak currents up to 1 A.
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Primary Side PWM Controller AS2214

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Regulator Current IreG 200 mA
Output Current lout 1 A
Supply Voltage Vee 30 \
Output Voltage | Vour 30 v
Continuous Power Dissipation at 25° C Po 500 mwW
Junction Temperature Ty 150 °C
Storage Temperature Range TsTa —-65to 150 °C
Lead Temperature, Soldering 10 Seconds To 300 °C

Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. Thisis a stress
rating only and functional operation of the device at these or any other conditions above indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Recommended Conditions Typical Thermal Resistance
Parameter Symbol Rating Unit Package 6 - 6ic  Typical Derating
Supply Voltage Vee 10-15 \ 14LPDIP = 85°C/W 40° C/W 11.7 mW/°C
Oscillator Fosc 50 - 250 kHz

Electrical Characteristics

Electrical Characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated
based on power dissipation and package thermal characteristics. Unless otherwise specified, the conditions of test are Vcc = 15 V;
BOK=3V; 0V =0V;Rr=680 ;C 1=10nF. To override UVLO, Vcc should be raised above 18 V prior to test.

Parameter ) Symbol | Test Condition Min Typ Max Unit
Error Amplifier

Input Voltage Ves Ty=25°C 2.465 2.500 2.535 v
Input Bias Current ’ Igias -0.1 -1 uA
Voltage Gain AvoL 2 Voo 4V 65 90 dB
Transconductance Gm 1 mA/mV
Unity Gain Bandwidth GBW 0.8 1.2 MHz
Power Supply Rejection Ratio PSRR 12 Vo 25V 60 70 dB
Output Sink Current IcompL Veg=2.7V; Veowp=1.1V 2 6 mA
Output Source Current IcompH Veg=2.3V; Veowp=5V 0.5 1.0 mA
Output Swing High IcompH Ves=2.3V; RL=15Qto GND 5 55 \
Output Swing Low IcompL Vee=27V; Ri=15Qt0 Vrea 0.7 1.1 v
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Primary Side PWM Controller

Electrical Characteristics (cont'd)

Electrical Characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated
based on power dissipation and package thermal characteristics. Unless otherwise specified, the conditions of test are Vcc = 15 V;
BOK=3V; 0V =0V; Rr=680 ; C t=10nF. To override UVLO, Vcc should be raised above 18 V prior to test.

Parameter Symbol Test Condition | Min | Typ I Max | Unit
5V Regulator
Output Voltage Vrea lnga=1mA, Tj=25°C 4.90 5.00 5.10 v
Line Regulation PSRR 12 Vo 25V 5 15 mvV
Load Regulation 1 lrec 20mA 5 15 mV
Temperature Stability TCrea 0.2 04 mV/°C
Total Output Variation Line, Load,Temperature 485 S 515 \Y
Long-Term Stability Over 1,000 hrs at 25°C -5 25 o mvV
Output Noise Voltage Vnoise 10 f 100kHz, T 4 =25°C i 50, i uv
Maximum Source Current Imax Vrea=4.8V .30 120 4 180 mA
Oscillator . a5
Initial Accuracy Fosc Ty=25°C 08 | 120 132 kHz
Voltage Stability 12 Vo 25V : 0.2 1 %
Temperature Stability TCr Tun Tu T MAX. 5 %
Amplitude Vosc VRT/CT peak-to-peak 1.55
Upper Trip Point N 2.80
Lower Trip Point ' 1.25 \
Discharge Current losc ! 7.50 8.70 9.50 mA
Duty cycle Limit e ‘Rr=680 , Cr=10nF, T,=25°C 46 50 55 %
Over-Temperature Shutdown . To} . 140 °C
Soft Start Comparator "8
SS Charge Current : lIss Vss V ramp -4 -6 -10 pA
SS Discharge Current : Ipsc SS Vss=1V, Voy> 25V 2 8 mA
SS Lower Clamp | Vsstow 0.6 v
RAMP High Level VRAMPH Ty=25°C 2.15 v
RAMP Low Level VRampL T,=25°C 0.6 Vv
RAMP Levels TC Note: RAMP wavefrom is the same as -2 mV/°C
the RT/CT wavefrom, but level shifted
down one diode drop
RAMP Sink Current IrRamPL Ty=25°C -0.1 -0.2 mA
RAMP Source Current IRAMPH Ty=25°C 1 mA
Propagation Delay to Output tpe 140 300 ns
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Primary Side PWM Controller AS2214

Electrical Characteristics (conta)

Electrical Characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated
based on power dissipation and package thermal characteristics. Unless otherwise specified, the conditions of test are Vec =15 V;
BOK=3V;0V=0V;Rr=680 ;C t=10nF. To override UVLO, Vcc should be raised above 18 V prior to test.

Parameter Symbol Test Condition l Min | Typ | Max | Unit
Housekeeping

BOK UV Threshold Vgok UV VReg=5V 2.500 2.537 2.575 v
BOK UV Hysteresis Current IHysT BOK Veok =2.6 V 42 50 58 nA
BOK Input Bias Current loFF Bok VBok =2.4V 0.1 1.0 uA
OV Threshold Vov 2.20 2.50 2.80 \Y
OV Clear Threshold Vovn 3.60 3.95 4.50 \
OV Reset Threshold Vowr 1.10 1.75 2.20 \Y
OV Bias Current IgiAs ov Vrea=5V, Vov OV Threshold -1 -0.2 1 LA
ACP Voltage Vace lace =10 A 1.3 v
ACP Voltage Vace lacp =-10 uA -1.2 v
LEN Charge Current ILen lace =10 pA; Vign =0V -30 -45 -65 uA
LEN Charge Current ILEN lace =-10 pA; Vien =0V -30 -50 -65 UA
Minimum Voltage for LEN VLEN MIN 4.5 \
Functionality

LEN Logic Reset Voltage ViEn 1.7 2.5 3.0 \Y
LEN Clamp Vien lacp =5 A 5.2 5.9 6.6 Y
LEN Bias Current IiAs LEN Vien=5V, lace =0 pA 5 uA
Current Sense Comparator

Transfer Gain AVisns 02 Visns 0.8V 2.85 3.00 3.15 Vv
Isns Level Shift Vis Visns=0V 1.50 v
Maximum Input Signal Veomp=+5V 1.00 1.08 1.20 \Y
Power Supply Rejection Ratio PSRR 70 dB
Input Bias Current IBiAs -1 -10 A
Propagation Delay to Output tre 140 300 ns
Under Voltage Lockout

Startup Threshold Ve (ON) 13.8 15.0 16.8 v
Minimum Operating Voltage Vec (OFF) 7.3 8.0 85 AV
after Trun-on

Startup Current Icc Vec=13V; Vacp=Vien=0V 2 10 uA
Startup Current lec Vee =13V, lacp =5 A 105 150 UA
Operating Supply Current lec 12 20 mA
Output Impedance to GND in Zout Vec=6V 22.0 kQ
UVLO State

ASTEC Semiconductor
81



AS2214 Primary Side PWM Controller

Electrical Characteristics (cont'd)

Electrical Characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated
based on power dissipation and package thermal characteristics. Unless otherwise specified, the conditions of test are Vec = 15 V;
BOK=3V;0V=0V;Rr=680 ;C 1=10nF. To override UVLO, Vcc should be raised above 18 V prior to test.

Parameter Symbol Test Condition | Min ‘ Typ | Max | Unit
Output

Output Low Level VoL Isink = 20 mA 0.1 0.4 \Y
Output Low Level VoL Isink = 150 mA 15 22 \Y
Output High Level Vou Isource = 20 mA 13 -135 \
Output High Level Vou Isource = 150 mA 12 13 \Y
Rise Time th Cu=1nF 50 150 | s
Fall Time t CL=1nF 50 | 150 | s
Maximum Duty Cycle Dwiax 94 | 97 100 %
Minimum Duty Cycle Dwmin 0 ’ %

ASTEC reserves the right to make changes without further notice to any products described herein to improve reliability, function, or
design. ASTEC does not assume any liability arising out of the application or use of any product or circuit described herein; neither does
it convey any license under its patent rights or the rights of others. ASTEC products are not authorized for use as components in life
support devices or systems intended for surgical implant into the body or intended to support or sustain life. Buyer agrees to notify
ASTEC of any such intended end use whereupon ASTEC will determine availability and suitability of its products for the intended use.
ASTEC and the ASTEC logo are trademarks of ASTEC (BSR) PLC.

ASTEC SEMICONDUCTOR
255 Sinclair Frontage Road ¢ Milpitas, California 95035 « Tel. (408) 263-8300 « FAX (408) 263-8340
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AS23xx

Secondary Side Housekeeping Circuit
Proposed Specification

Features

e Standard PC Power Good:
UV Detection on 4 rails

UV Detection of AC/Bulk supply

OV Detection on 4 rails
Open collector PG out

e Pogrammable Fault output:

ov
OV plus UV

OV plus UV after startup delay

e OV Crow Bar Driver
e Digital ON/OFF input
e 2.5V Voltage Reference

Description

The AS23xx is a housekeeping circuit for monitoring the
outputs of power supplies. It directly senses all the output
rails without the need for external dividers and detects
undervoltage and overvoltage. It also provides an additional
undervoltage comparator which may be configured with any
arbitrary hysteresis to sense a divided down representation
of the AC bulk voltage. The housekeeping section provides
all the features necessary to allow external caps to set the
common timing features of PC type power supplies. In
addition, negative rails may be sensed without the necessity
of a Veg connection, and negative sensing may be disabled
without affecting operation of the positive sense section. The
2.5V series reference is available and can source upto 5 mA.
This IC is available in 16 lead packages.

® QOperates from 5V or 12V rail

e Choice of: Ordering Information

+ 12V, + 5V detection (AS2350)  product

' Package

Temperature Range Order Code

+ 12V, + 5V, +3.3V detection

(AS2333) AS2333  16-Pin Plastic DIP 0to105°C 2333-16*N-C-000
AS2350  16-Pin Plastic DIP 0to105°C 2350-16*N-C-000
Pin Configuration — topiew
Voo  [|G&] cep Vee 7 (|8l cep
+12V _T_5:| FAULT +12V fs_l FAULT
+5V E Vier +5V [14] Veer
+3.3V El uvB -5V E] uvB
-12v E DELAY -12v E DELAY
GND E POK GND El POK
HYST E] PGCAP HYST E PGCAP
OFF {8 z| AC OFF _T'| AC
AS2333 AS2350

© ASTEC Semiconductor
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AS23xx Secondary Side Housekeeping Circuit

Functional Block Diagram
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Secondary Side Housekeeping Circuit AS23xx

Pin Function Description

PinNumber  Function

Description

1 Vee Power input to the chip.

2 +12V Input for overvoltage and undervoltage for the +12 V rail.

3 +5V Input for overvoltage and undervoltage for the +5 V rail.

4 +3.3/-5V Input for overvoltage and undervoltage for the +3.3V rail or -5 V rail, depending on
product option.

5 -12V Input for overvoltage and undervoltage for the —12 V rail. This function may
disabled by tying this pin to a positive voltage above 2.4 V.

6 GND Signal ground and silicon substrate.

7 HYST Open collector output of the AC undervoltage comparator. A resistor between this pin
and AC will provide hysteresis to the AC undervoltage sensing.

8 OFF Pulling this pin low will reset the FAULT latch and discharge the start-up timing
capacitors, UVB and PG CAP, allowing normal start-up for the system. Pulling this pin
high will send the FAULT signal high, prompting a system shutdown.

9 AC Non-inverting input to the AC undervoltage sensing comparator. If the AC pin is
less than 2.5 V, POK goes low and UVB cap discharges.

10 PG CAP A cap to ground provides a delay between undervoltage sensing becoming good
and the POK output going high. Cap discharges whenever an output or AC
undervoltage .is detected.

11 POK Open collector output of the undervoltage sensing comparators. This pin goes low
upon an undervoltage condition. Except for the delay set by the PG CAP, this pin
always reflects the actual state of the undervoltage sensing.

12 DELAY Acapto grdund will delay the FAULT signal when the OFF pin is used to shut down
the system. The POK will signal a power fail warning immediately, but the FAULT

. shutdown of the power supply will be delayed.

13 UVB A cap to ground provides start-up blanking of the undervoltage sensing portion of the
FAULT signal. This pin may also be grounded to prevent undervoltage conditions from
triggering the FAULT signal. This pin discharges the cap whenever AC goes low or
FAULT pin goes high.

14 VRer 2.5 V Voltage reference. This is a series regulator type reference.

15 FAULT Open collector output of the overvoltage and undervoltage comparators.

16 CBD Optional crow bar drive output of the overvoltage faults only.
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AS23xx Secondary Side Housekeeping Circuit

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Supply Voltage Vee 20 \'
Continuous Power Dissipation at 25° C Po 1000 mW
Junction Temperature Ty 150 °C
Storage Temperature Range Tsta —-6510 150 °C
Lead Temperature, Soldering 10 Seconds TL 300 °C

Stressesgreaterthan those listed under ABSOLUTE MAXIMUM RATINGS may cause permanentdamage to the device. This is a stress
rating only and functional operation of the device at these or any other conditions above indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Recommended Conditions Typical Thermal Resistance

Parameter Symbol Rating Unit Package A S < Bge Typiéal Derating

Supply Voltage Vee 5-12 v 16L PDIP BOOC/W T 35°C/W 12.5 mW/°C

Electrical Characteristics

Electrical Characteristics are guaranteed over full junction te’mpeﬁ[a/tufé:rgnge 0 tdj{05° C). Ambient temperature must be derated
based on power dissipation and package thermal characteristics. Unless otherwise specified, the conditions of test are Ve = 12V,
+3.3V=33V;+5V=5V;+12V=12V;-12V=-12 ;=5 V =~5V; OFF = ow.

Parameter Symbol l : Test cundnion J Min | Typ | Max ( Unit
Bias - v

Supply Current ?cc ) 'fanau,lt:sr"» 8 12 mA
Min. Vcc for operation : ,,Vchliﬁ.f;:z VREF =2.5V, no faults 42 \'
Undervoltage, Overvettage E 4 W

+33V S - =

+3.3 V Undervoltage uv 2.87 2.95 3.03 v
+33V Ovenvoltage ov 3.76 386 | 3.9 v
+3.3 V Input Current Is V,33=+3.3V, V45=+5.0V ’ -0.1 0 0.1 mA
+HV

+5 V Undervoltage uv 4.40 4.50 4.60

+5 V Overvoltage ov 5.74 5.89 6.04

+5 V Input Current I Vi5=+5.0V, V,33=+3.3V 1 2 mA
+12V

+12 V Undervoltage uwv 10.25 10.50 10.60

+12 V Overvoltage ov 14.53 14.90 15.27

+12 V Input Current Is Vi2=+12.0V 0.5 1 mA
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Secondary Side Housekeeping Circuit AS23xx

Electrical Characteristics (cont'd)

Electrical Characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated
based on power dissipation and package thermal characteristics. Unless otherwise specified, the conditions of test are Vec = 12 V;
+33V=383V;+5V=5V;+12V=12V;-12V=-12V;-5V=-5V.

Parameter Symbol Test Condition ‘ Min 1 Typ I Max ‘ Unit
-5V
-5V Undervoltage uv -3.80 -4.00 -4.20 v
-5V Overvoltage ov -6.00 -6.25 -6.55 v
" —5V Input Current ls V5=-5.0V -85 -110 uA
-5V Disable Voltage Vb Minimum voltage to disable 2.3 2.4 \Y
-12V
-12 V Undervoltage uv -9.20 -9.55 -9.80 \Y
-12 V Overvoltage ov -14.55 -15.04 | -15.60 v
-12V Input Current Is V.q2=-12.0V -125 -220 LA
-12 V Disable Voltage Vo Minimum voltage to disable 2.0 22 \Y
AC/HYST ;
AC Undervoltage uv T)=25°C 2425 2.465 2,505 Vv
AC Undervoltage uv Ty=0-105°C 2.375 2505 Vv
AC Input Current I ‘ -0.5 -1 LA
HYST High State Leakage I Viyst=5V; AC>25V 0.01 1 nA
HYST Output Current lo Vhyst=0.3V; AC<25V 1 3 mA
HYST Low Voltage VoL lhyst=1mA; AC<25V 0.3 v
Outputs
POK High State Leakage I Vpok = 12 V; no faults 0.01 1 HA
POK Output Current lo Vpok = 0.4 V; Vec=7 V undervoltage 5 10 mA
o condition
FAULT High State Leakage I VEauLt = 12 V; OFF = High 0.01 1 HA
FAULT Output Current Voo VrauLt = 0.4 V; no faults
Vec=12V 3 10 mA
Vec=5V 1.3 4 mA
CBD (Crow Bar Drive) lo overvoltage condition -25 -35 mA
Minimum Output Current
CBD Output High Voltage VoH lcep=0mA; T=25°C 2.1 24 2.7 \Y
Icep = 0 mA; T =105 ° C; overvoltage 1.4 3 v
condition
CBD Pulldown Resistance Rout Icep = 1 mA; no faults 300 500 1000 Q
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AS23xx Secondary Side Housekeeping Circuit

Electrical Characteristics (cont'd)

Electrical Characteristics are guaranteed over full junction temperature range (0 to 105° C). Ambient temperature must be derated
based on power dissipation and package thermal characteristics. Unless otherwise specified, the conditions of test are Vec =12 V;
+33V=33V;+5V=5V;+12V=12V;-12V=-12V;-5V=-5V.

Parameter Symbol Test Condition ] Min | Typ | Max | Unit
Voltage Reference
Output Voltage VRer lrRer=0mA, T;=25°C 2.488 2.500 2.525 \Y
Line Regulation AVRer Vec=5Vto15V 10 15 mV
Load Regulation AVRer lrer=0Vto-5mA 10 15 mV
Temperature Deviation* AVRer 0<Ty<105°C 10 o1 mV
Start-Up Functions k
UVB Pull-up Current Source lon Vuvs = 2.0 V; no faults -04 Y] 19 uA
UVB Clamp Vonwax | luve = 10 pA; no faults 29 | 8 33" v
UVB Discharge Current luve Vuve =2.0 V; FAULT = low; 3 .8 mA
(AC shutdown) AC<25V . ; i
UVB Discharge Current lot Vos=20V;FAULT =high; =~ | 25 10 mA
(FAULT shutdown) AC>25V : - :
UVB Low Output Voltage Voo lyve = 100 pA; FAULT =low; AC <25V 0.2 v
PG CAP Pull-up Current Source loH Veacap =20 V; no faylts : -05 -1 -14 pA
PG CAP Clamp Vormax | Ipacap = 10 1A; no faults; AC > 2.5V 2.9 3.1 33 v
PG CAP Discharge Current loL 1V|5G($AP =20V; undervoltage 2 6 mA
’ condition
PG CAP Low Output Voltage Vot } - leacap = 100pA; undervoltage condition 0.2 \
OFF InputHighVotage | Vw | = 2.0 v
OFF Input Low Voltage: ' Vo 0.8 \Y
OFF IputHigh Clamp | lors = 100pA 07 v
OFF Pull-uptoVee R Vorr=0V 25 50 100 kQ
DELAY Pull-up Current ébufce loH VpeLay = 0 V; OFF = high -0.5 -1 -2.0 pA
DELAY Clamp VoH max IpeLay = 10 pA; OFF = high 2.9 3.1 33 \
DELAY Discharge Current loL VpeLay = 2.0 V; OFF = low 2.5 10 mA
DELAY Low Output Voltage VoL IpeLay = 100pA; OFF = low 0.2 v

*Temperature deviation is defined as the maximum deviation of the reference over the given temperature range and does not imply an
incremental deviation at any given temperature.

Typical Performance Curves

Not Avdailable at Time of Publishing
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Secondary Side Housekeeping Circuit

AS23xx

Theory of Operation

The AS23xx performs housekeeping functions
for power supplies, especially switching power
supplies for personal computers. The chip re-
sides on the secondary side of the power supply
(PSU), and it performs three primary functions:

1) monitors the output voltages and reports
faults

2) sequences the start-up of the PSU
3) sequences the shutdown of the PSU

Section 1 - Output Voltages and Faults
1.0 Output Voltage Monitoring

The AS23xx monitors the standard voltage out-
puts for PC type power supplies. It hasinputs for
+12V,+5V,+3.3V,-5Vand-12V. Theseinputs
are tied directly to the outputs of the PSU, and
therefore do not require external dividers to set
the error thresholds. These pins are monitored
forboth overvoltage (OV) and undervoltage (UV)
conditions. The spec’s for these thresholds are
listed in the data sheet.

1.1 Overvoltage Faults: FAULT and CBD

An overvoltage condition in a power supply is
considered to be a catastrophic and dangerous
condition which must result in a safe, complete
and near-instantaneous shutdown of the sys-
tem. Overvoltages most often result from a
break in the system feedback and control cir-
cuitry orfroma short between outputs. Whenthe
AS23xx detects an overvoltage, the fault is
latched internally, and the FAULT and CBD pins
go high. The FAULT pin is an open collector
NPN output which is intended to drive an
optocoupler LED for feedback to the primary
side controller of the PSU. The CBD pin is an
NPN Darlington output which is intended to drive
an SCR crowbar circuit which will short circuit the

outputs of the PSU. Usually, just one or the other
output is used depending on the PSU’s cost and
system definition. Both methods are intended to
protect the customer's system, and the cus-
tomer, as the first priority.

1.2 Undervoltage Faults: POK and FAULT

An undervoltage condition is sometimes not con-
sidered a catastrophic or dangerous condition,
but always one which the customer should be
warned about. The POK signal is a logic line to
the customer’s system that is specified in most
PC type power supply systems. The AS23xx will
pull the POK signal low when a UV fault is
detected. A UV fault may or may not require the
system to shut down, so an undervoltage blank-
ing pin is provided (UVB). Grounding this pin will
prevent UV faults from propogating to the FAULT
pin. CBD does not react to UV faults.

1.3 Input Undervoltage: AC and HYST

Inaddition, there is a special undervoltage detec-
tion input for sensing the input voltage to the
power supply, designated as the AC pin. This pin
will cause the POK pin to go low if there is
insufficient voltage to runthe PSU outputs. Since
power supplies must maintain high voltage isola-
tion between the primary and secondary sides of
the system, the AC pin is usually tied to a divided
down and filtered representation of the second-
ary side switching waveform. Hysteresis for this
function, to provide immunity from line ripple, is
configured by the PSU designer and is imple-
mented with the HYST pin, which is an open
collector output of the AC comparator.

Section 2 - PSU Start-up Sequences
2.0 System Start-up Sequence

When the power supply starts up, the AS23xx
must not erroneously report a FAULT. In addi-
tion, most PC type power supply specifications
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Secondary Side Housekeeping Circuit

require a specific timing sequence for the POK
signal. Some PSU systems also require an
isolated, low voltage, low power remote turn-on
switch, rather than a large line cord switch.

2.1 VREF Enable of Chip Bias

Since the VCC of the AS23xx comes up in a finite
amount of time, and since the VREF of the chip
and the bias for the comparators are not within
specification until approximately 4.2 V of VCC is
available, the comparators for OV and UV and
most other functions are disabled until VREF is
within spec. This prevents the false detection of
a FAULT due to an erroneous VREF. Similarly,
if VREF is too heavily loaded and gets pulled low
out of spec, these functions will also shut off.

2.2 Blanking UV’s During Start-up: UVB

As the power supply outputs come up, the
undervoltage FAULTs must be blanked to allow

the supply to complete its start-up. Putting a

capacitor to ground on the UVB pin will allow the

PSU designer to set a specific period of time
during which undervoltages will not propogate tai
the FAULT pin. The UVB pin provides a 1 pA"

current source to charge the cap, and once the
UVB pin charges above 2.5 V, the undervoltage
sensing is enabled.  UVB does not blank
undervoltages to the POK pin. The UVB pin is
clamped one diode above VREF, or about 3.1V,
allowing fast discharge of the capacitor when the
system resets.

2.3 POK Bias

The POK pin has some specific requirements
based on industry standard PC power supply
specifications. At start-up, the POK pin must not
rise above 0.4 V. The POK pin is an NPN open
collector whose base is tied to VCC via a simple
resistor. Therefore, once VCC pulls above one
diode orabout 0.6 V, the POK pin will go low and
saturate. If the POK pin external pull-up is to the
5V output, the POK signal will not go above 0.4

V if the VCC of the AS23xx is tied to the 12 V
output or an auxilliary rail.

2.4 POK Start-up Timing: PGCAP

In addition to 2.3 above, most PC power supplies
require the POK pinto remain low until all outputs
have been good for at least 100 ms but not more
than 500 ms. A cap to ground on the PGCAP pin
allows tothe PSU designerto set the timing delay
between the PSU outputs becoming good and
the POK pin going high. The PGCAP pin pro-
vides a 1 pA current source to charge the cap,
and when the cap charges above 2.5 V, the POK
pin goes high. When an undervoltage occurs,
the PGCAP pin discharges rapidly and the POK
pin goes low. The POK pm does not respond to
overvoltages ¢

25 Isolated Remote OnIOff Switching: OFF
and FAULT

A iow voltage isolated remote on/off switch may

_be implemented with the AS23xx OFF pin. If the

chip VCC is run off an auxilliary rail, the FAULT
signal may be used to start and stop the PSU.
When the OFF pin is pulled from high to low or
grounded, the FAULT pin resets to a low state,
which may be used to drive an optocoupler to
enable the primary side PWM controller. Allow-
ing the OFF pin to go open circuit or high causes
the POK pin to go low immediately, and the
FAULT pin will go high after a time delay set by
a cap to ground on the DELAY pin. This allows
the customer’s system to receive a POK warning
before the PSU actually shuts down.

Section 3 - PSU Shutdown Sequences
3.0 Shutdown Sequence

For normal shutdowns, the primary requirement
is that the POK signal should go low some
minimum time before the PSU outputs fall out of
spec.

ASTEC Semiconductor

90



Secondary Side Housekeeping Circuit

AS23xx

3.1 Delaying Remote OFF: DELAY

In systems which use the OFF and FAULT pins
to provide remote on/off switching, the delay
between the OFF pin going high and the FAULT
signal going high is programmable with a capaci-
tor to ground on the DELAY pin as described in
2.5 above. The POK pin, on the other hand will
go high immediately after the OFF pin is open
circuited or pulled high, giving the system warn-
ing of the impending shutdown. The DELAY pin
provides a 1 pA current source to charge the cap,
and when the cap charges above 2.5 V, the
FAULT pin will go high.

3.2 AC Warning Prior to Primary Drop-out

In systems where the input line voltage is
switched, the AC pin threshold should be set so
that it causes POK to go low before the primary
bulk voltage reaches drop-out and the primary
PWM shuts off. The output of the AC comparator
also causes the UVB pin to pull low, so that the
undervoltage sensing does not trip the FAULT
latch as the outputs fall below spec. Recall that
the AC pin senses a divided down and filtered
representation of the secondary side switching
waveform, which will provide a proportional rep-
resentation of the primary voltage via the turns
ratio of the transformer.

ASTEC reserves the right to make changes without further notice to any products described herein to improve reliability, function, or
design. ASTEC does not assume any liability arising out of the application or use of any product or circuit described herein; neither does
it convey any license under its patent rights or the rights of others. ASTEC products are not authorized for use as components in life
support devices or systems intended for surgical implant into the body or intended to support or sustain life. Buyer agrees to notify
ASTEC of any such intended end use whereupon ASTEC will determine availability and suitability of its products for the intended use.
ASTEC and the ASTEC logo are trademarks of ASTEC (BSR) PLC.
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QXX
ASTEC

AS300

Shunt Temperature Sensor

Features
e Calibrated directly in Kelvin

@ Linear 10 mV/°C scale factor

e 1° C typical accuracy at
27° C (300 K)

® Fully rated for - 40 to 125° C
(233 to 398 K)

® Suitable for remote applications

® | ow-impedance output, 0.3
for a 1mA load

® Now available in the SOT-223 for
improved substrate temperature
sensing

Description

The AS300 is a two-terminal integrated circuit temperature
sensor. It is a precision-trimmed shunt type regulator that
emulates a zener diode in function. Its output voltage is
linearly proportional to temperature in Kelvin. The output
voltage is calibrated for 3.000 V at 27° C (300 K) and
increases by 10 mV/°C.

The AS300 is available in four packages. Both the TO-237
and SOT-223 offer large heat-sinks for transferring heat to
the die for fast and accurate thermal sensing. The TO-237
makes an ideal free air sensor. This package has the same
package dimensions as the familiar TO-92, but integrates a
10 square millimeter heat-sink extending from the top of the
package. The SOT-223 is especially effective at sensing the
temperature of hybrid and MCM substrates. The 8L SOIC is
best-suited for applications requiring a small footprint or
precision force/sense metering.

Pin Configuration — Ttop view

T0-92 (LP)
T0-237 (HP)

S0T-223 (G) SOIC (D)

VTEMP

GND (F)

I VTEMP | n N/C
1 N/C
I GND (F)

n Vrewe (F)
GND (S) ; GND () Viewe (S)
Ordering Information
Description Temperature Range Order Codes
TO-92 -40t0 125°C AS300LP
TO-237 -40t0125°C AS300HP
SOT-223 -40t0 125°C AS300G
8-Pin Plastic SOIC -40t0 125°C AS300D

© ASTEC Semiconductor
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AS300 Shunt Temperature Sensor

- Functional Block Diagram
VTEMP
+
10 mV/°C
GND
PinFunctionDescription
Pin Number Function Description
TO, SOT | SOIC
1 1 GND (S) Optional sense pin ground, otherwise tie to substrate pin GND (F).
2 2 GND (F) Signal ground and circuit substrate.
3 6 Viemp (F) | Output voltage proportional to temperature. Vygyp is nominally 3.00V at 27° C
(300 K) and increases at 10 mV/°C.
- 5 Viemp (S) | Optional sense pin for Vygyp. Available on the 8L SOIC package only. Tie pin to
V1emp (F) if not using force/sense metering.

Absolute Maximum Ratings
Parameter Symbol Rating Units
Supply Current Irer 20 mA
Continuous Power Dissipation at 25° C Po
TO-92 775 mwW
TO-237 1000 mW
SOT-223 1250 mwW
8L SOIC 750 mwW
Junction Temperature T 150 °C
Storage Temperature Tsta —-65 to 150 °C
Lead Temp, Soldering 10 Seconds TL 300 °C

Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. Thisis a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

ASTEC Semiconductor
94



Shunt Temperature Sensor AS300
Typical Thermal Resistcnces
Package Bua Bsc Typical Derating
TO-92 160° C/W 80° C/W 6.3 mW/°C
T0O-237 125° C/W 8° C/W 8.0 mW/°C
SOT-223 115° C/W 8° C/W 8.7 mW/°C
8L SOIC 175° C/W 45° C/W 5.7 mW/°C
Electrical Characteristics

Electrical Characteristics are guaranteed over the full junction temperature range (-40 to 125° C). Ambient temperature must be derated based upon
power dissipation and package thermal characteristics.

Parameter Symbol Test Condition Min Typ Max Unit
Output Voltage Vremp Ik =2mA, Ty=27° C (300 K) 2.970 3.000 3.030 \
Vremp Ik =2 mA, Ty=100° C (373 K) 3.690 3.730 3.770 v
Temperature Coefficient Error Ik =2 mA, deviation from 10 mV/°C 40 uv/eC
Minimum Operating Current Ik (min) 0.6 mA
Output Impedance Zxa Ik =0.6t0 5.5 mA 0.3 2 Q

Test Circuit

!

Figure 1
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AS300 Shunt Temperature Sensor

Typical Performance Curves
Output Voltage Forward Characteristics
5.00 m : | . 0.7
- =2 mA : : : T,=27°C
4.50 ; 1 1 1 0.6
| | 1
1 I 1 f /
— i | | L~ 05
2 4.00 [ [ [ 11 s
8) Il I | '/ 1 (0]
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S 350 . ! - +— 35
= I | i | >
E [ | | | T 03
5 | 1/ I I g
3 300 | fl | ] g
' ) / . \ e L2 o2
" L | } L
Easo| T | | » 7
= L | | | 1 0.1 V
| | | |
2.00 : | | : o _—
|
i T T T
1.50 ! ' ! ! 0.2
50 25 0 25 50 75 100 125 (°C) 0.01 0.1 1.0 10 100
250 300 350 400 (K) |- Forward Current (nA)
T - Temperature
Figure 2 Figure 3
Thermal Response by Package Thermal Response by Package
in Still Air in a Stirred Oil Bath
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~— P gl [S—
5 % ! 8LSOIC g o / // P 8LSOIC
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11y S ol
g Y/ -/
(&) o
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0 0
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Figure 4 Figure 5
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Shunt Temperature Sensor AS300

Typical Performance Curves

Operating Characterisitics Operating Characterisitics
1.50 10k [
| 100° C
1.25 199,¢ 2r°C
. _ 0°I C
< 0°C <
£ 1.00 2 J
5 § 100 —
o £ —
5 5 >
O 0.75 %
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3 3 10
@ 0.50 «
_Lx X
0.2 10
25 — 1
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0 1 2 3 4 0 1 2 3 4
Vremp - Output Voltage (V) V1emp - Output Voltage (V)
Figure 6 Figure 7
Dynamic Impedance Transient Response
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g 10 S Vin Vour
a i 5
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Figure 8 Figure 9
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AS300

Shunt Temperature Sensor

Typical Applications

Linear Fan Controller

15V

Fahrenheit Thermometer

? 9V
% % 12 VDC, 120 mA Sk
b 9.1k < 15k 20k Brushless Fan 100 pA Full Scale
Analog Meter
2N2907 130k
AS300 w
AS431 R2
e % Ri1
AS300 A AS1004-1.2
500 j_
= Adjust R1 to set 0° F reading (120k)
Adjust R2 to set 100° F reading (2.7k)
Figure 10 Figure 11
Linear Fan Controller Thermostat
12V
& Vce
12 VDC, 120 mA
Brushless Fan
10k 91k 120k
— MA—4¢ R1 R2
10k
N :.MSSB »—I t IRF :-M339
_ — 233 _
AS300 > 1 >3
? % 34k = AS300 R3
X ne
Figure 12 Figure 13
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ASTEC

AS273

Over-Temperature Detector

Fecatures

Programmable to three different
Over-temperature thresholds

2.5V temperature compensated
bandgap reference trimmed to 1%

Open collector output goes low
on over-temp condition

+3° C temperature accuracy

Reference shunt current serves
to program over-temp threshold

Available with 5° C or 10° C of
temperature hysteresis

Available in a wide range of
over-temp thresholds to fit most
temperature monitoring applications

Now available in the SOT-223 for
improved substrate temperature
sensing

Description

The AS273 is a series of programmable over-temperature
detectors. Each is internally composed of a precision 2.5 V
shunt reference, a proportional-to-absolute temperature
thermal sensor, a comparator with controlled hysteresis, and
an open collector output that indicates an over-temp condi-
tion. The threshold for the over-temp signal can be set to any
of three values on a given part by controlling the magnitude
of the reference shunt current.

The AS273 has an excellent absolute temperature accuracy
of +3° C for each of the three over-temp thresholds. The low
power dissipation minimizes any temperature sensing errors
due to self-heating. There is either 5° C or 10° C of tempera-
ture hysteresis to prevent bouncing when an over-temp
condition is removed.

The packaging options available with the AS273 make it
appealing to a wide variety of temperature-sensing applica-
tions. The TO-237 package with a built-in heat sink allows for
highly accurate ambient temperature sensing. The TO-92
package can be mechanically clamped to a heat sink to
monitor the temperature of power devices. The 8L-SOIC and
SOT-223 surface mount packages allow for temperature
sensing in high component density applications.

Pin Configuration — Topview

S0IC (D)

| 8 | VREF

DO NOT USE
N/C | 6 | DO NOT USE

N/C GROUND

TO-92(LP), TO-237 (HP) SOT-223(G)
our __Jour
GROUND : GROUND
VREF ‘ ] VRer

© ASTEC Semiconductor
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AS273 Over-Temperature Detector
Ordering Information
AS273-TH-P
Temperature Option Package Type see B
see A Hysteresis Option see C
A. Temperature Options B. Package Types C. Hysteresis Options 1
Code Ton Tor2 Tots Code Package Code Temp. Hysteresis
D 40 45 50 HP TO-237 1 10°C
F 75 80 85 LP TO-92 5 5°C
G 90 95 100 D SO-8
H 105 110 115 G S0T-223
Functional Block Diagram
VRer
T O
Y CURRENT
PROGRAMMING
ouT
Q
|__| +
A 25V
A

Pin Function Description

Pin Number Function Description
1 VRer 2.5 V shunt reference; current into Vrer pin also programs
over-temperature trip point to one of three Tor values
2 GND Circuit ground and silicon substrate
3 OouT Open collector output. Output low when die temperature exceeds
programmed trip point
ASTEC Semiconductor
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Over-Temperature Detector

AS273

Absolute Maximum Ratings

Parameter Symbol Rating Units
Reference Current VRer 10 mA
Output Current lout +10 mA
Output Voltage Vour 18 \Y
Continuous Power Dissipation at 25° C
TO-92 ) 775 mw
TO-237 Pp 1000 mw
8-SOIC Pp 750 mwW
SOT-223 Pp 1000 mWw
Junction Temperature Ty 150 °C
Storage Temperature Tsta —-651t0 150 °C
Lead Temp, Soldering 10 Seconds TL 300 °C

Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. Thisis a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Typical Thermal Resistances

- Package 6ua Buc Typical Derating
SOT-223 115° C/W 8° C/W 8.7 mW/°C
TO-92 160° C/W 80° C/W 6.3 mW/°C
TO-237 125° C/W 8° C/W 8.0 mW/°C
8L SOIC 175° C/W 45° C/W 5.7 mW/°C
ASTEC Semiconductor
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AS273 Over-Temperature Detector
Electrical Characteristics

Electrical Characteristics are guaranteed over the full junction temperature range (0 to 125° C). Ambient temperature must be derated
based upon power dissipation and package thermal characteristics.

Parameter Symbol Test Condition Min Typ Max Unit

Reference

Reference Voltage VRer lner=2mA, Ty=25°C 2.500 2.525 2.550 Vv

Load Regulation Vig 0.65 mA < Irer < 5.5 mA 5 10 mv

Average Temperature Coefficient AVRea/AT 0.65 MA<Irer < 5.5 mA 75 ppm/°C

Output

Saturation Voltage VoL lour=4 mA; Ty > Tor 200 400 mv

Breakdown Voltage BV lour =100 pA; Ty < Tor 18 30 v

Leakage Current loH Vour=18V; Ty<Tor 1 1000 nA

Over-Temp Sensing

Temperature Accuracy Tot) 0.7mA<Irer<1.3mA -3 +3 °C
Tot) 1.565 mA < Irer < 2.6 mA -3 +3 °C
Tor) 3.0mA<Irer <5.0mA -3 +3 -°C

Hysteresis Hot : Percentage Error in Nominal Hysteresis| —30 +30 %

Test Circuit

+5V

R LOAD

Virer out
AS273

IRer GND

Figure 1. Test Circuit for Output Hysteresis Curve

ASTEC Semiconductor
102



Over-Temperature Detector AS273

Typical Performance Curves

Minimum Reference Current Turn-on Characteristic
for Regulation of Reference
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AS273

Over-Temperature Detector

Typical Performance Curves

Output Saturation Characteristic

Typical Over-temperature Threshold
Distribution — Option G
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Over-Temperature Detector

AS273

Theory of Operation

The AS273 is an over-temperature detector that
gives an over-temp signal when the device junc-
tion temperature exceeds a programmed over-
temp threshold. Over-temp threshold program-
ming is accomplished by controlling the magni-
tude of the reference shunt current.

Over-temperature Condition

Internal to the AS273 is a temperature sensor
which creates a voltage proportional to the abso-
lute temperature(PTAT) of the die. This PTAT
voltage is compared with a fraction of the refer-

ence voltage corresponding to the over-tem-
perature threshold. When the PTAT voltage ex-
ceeds the reference voltage, the comparator is
tripped and an over-temp signal is given to the
output. The output consists of an open collector
transistor that pulls low on an over-temp condi-
tion. Built into the comparator is temperature
hysteresis, which keeps the over-temp signal
until the junction temperature has fallen 5° C (or
10° C) below the over-temp threshold. Figure 9
shows the output of the AS273 (with 10° C of
hysteresis) over a range of junction temperature.

IREF =4mA
5
0
IRep =2 MA
> 5
[}
=)
S
g \ 4
=
=%
3
0
lrep =1 MA
5
A Y
0
| | I
OT1-10 OT1-5 oT1 0oT2 OT3

Junction Temperature, T,(°C)

Figure 9. Temperature Characteristic of Output with 10° C of Hysteresis
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AS273 | Over- Temperai‘ure Detector

Current Programming

There are three different over-temp thresholds  threshold based on the magnitude of that cur-
foreach AS273. The detector sensestheamount  rent. Figure 10illustrates the ranges of reference
of current being shunted through the 2.5 V  shunt current, |rer, associated with each of the
reference of pin 1 and programs an over-temp  three over-temp thresholds, OT1, OT2 and OT3.

oT3

oT2

Transition Regions

Over-temperature Thresholds (°C)

OT1

\ Output Disabled

I 1T 1T 1T 1 L L | I 1 I
0 1 2 3 4 5

Reference Shunt Current, Igge (MA)

Figure 10. Reference Shunt Current Programming Ranges of Over-temperature Thresholds
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Over-Temperature Detector

AS273

Typical Over-Temperature
Detector Applications

Over-Temperature Detector

The AS273 senses the ambienttemperature and
turns on its open collector output to indicate an
over-temp condition. Each AS273 can be pro-
grammedto any one ofits three over-temp thresh-
olds by forcing a different range of current into
the reference pin.

Dual Speed Fan Control

The diagram of Figure 12 shows an easy way to
implement smart fan control. When the tempera-
ture is below the over-temp trip point set by R1,
the detector’s open collector output is off. There-
fore, the fan speed is controlled by the ratio
between R2 and R3. When the temperature
exceeds the overtemp set point, the open collec-
tor is turned on, and fan motor runs at its full
speed.

Figure 11.
+12V
R1 R2
9.1 kQ < 10kQ
-4 ] — Qi
| L |REF out| |
| ]
l I R3
| AS273 | 10 kQ
| |
l___ _]GND |
Figure 12.
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AS273

Over-Temperature Detector

Over-Temperature Protection with Latch
(Low Current)

The diagram of Figure 13 illustrates how a power
supply can be shut down with a simple two-
transistor latch. When the programmed over-
temp is reached, the open collector output of the
AS273 enables the latch and pulls Ve below the
under-voltage threshold of the AS3842 ,shutting
off the AS3842. The latch can be disabled only
with a power reset.

Over-Temperature Protection with Hysteresis

In this over-temperature circuit, the hysteresis of
the AS273 is used to automatically restart the
power supply after the temperature drops below
the hysteresis temperature window. R1 supplies
the current to power the AS273 after the AS3842
and the power supply are shut down. R2 and the
external zener set the over temperature trip
point.

s
-~ COMP VREG

lICC = 400 mA
MAX.

= Ves Vec
J SENSE OUT

—{ RT/CT GND

AS3842

1
1

R3
350 Q
Figure 13.
V BULK
R1
° N\
R2
COMP Vees
T dRer T TouT]
A_' | : — Ves Voo [~
I
AS27
: S273 :— SENSE  OUT |-
l____JGND_ _ |
—{ rT/CT GND |—
= AS3842
Figure 14.
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Over-Temperature Detector

AS273

Adjustable Hysteresis Temperature Detector

The hysteresis of the AS273 can be increased by
reprogramming the device to a lower tempera-
ture set pointupon over-temp. A highertempera-
tureis setby R1. Whenthe temperature exceeds
the high-temp set point, the open collector output
is turned on and allows R2 to rob current from the
reference pin and resets the AS273 to the low-
temp set point. As a result, the hysteresis esca-
lates by the difference between the high-temp
and the low-temp set points.

Three-State Temperature Sensor

In the Three-State <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>