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9620 
DUAL DIFFERENTIAL LINE RECEIVER 

FAIRCHILD INTEGRATED CIRCUIT 

!;ENERAL DESCRIPTION - The 9620 is a dual differential line receiver designed to receive differential digital 
data from transmission lines and ·operate over the military and industrial temperature ranges. It can receive 
±500 mV of differential data in the presence of high level (± 15 V) common mode voltages and deliver 
undisturbed CCSL logic to· the output. In addition to line reception the 9620 can perform many functions, 
a few of which are presented, in the applications section. It can interface with nearly all input logic levels· 
including CML, CTµL, HLLDTµL, RTµL and CCSL. HLLDTµL logic can be provided by tieing the output to 
Ycc2(+12 V) through a resistor. The outputs can also be wire OR'ed. The 9620 offers th.e advantages of 
logic compatible voltages (+5 V, +12 V), CC_SL output characteristics, and a flexible input array with a high 
common mode range. The direct inputs are provided in addition to the attenuated inputs (normally used) 
to allow the input attenuation and response time to be changed by use of external components. 

FEATURES: 

• CCSL COMPATl.BLE OUTPUT 
• HIGH COMMON MODE VOLTAGE RANGE 
• WIRED-OR CAPABILITY 
• DIRECT INPUTS (A0, B0) 

• FULL MILITARY TEMPERATURE RANGE 
• LOGIC COMPATIBLE SUPPLY VOLTAGES 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
Vcci Pin Potential to Ground Pin 
Input Voltage Referred to Ground (Attenuator Inputs) 
Voltage Applied to Outputs for High Output State 
Vcc2 Pin Potential to Ground Pin 

ORDER INFORMATION 

-65°C to +150°C 
-55°c to +125°C 
-0,_5 Vto +7.0 V 

±20V 
-0.5 V to +13.2 V 

Vcc 1 to +15 V 

Specify U6A9620XXX for 14 pin Dual In-Line package or U319620XXX for 14 pin Flat Package where XXX is 
51X for the -55°C to +125°C temperature range, or 59X for the 0°C to +75°C temperature range. 

313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910·379-6435 
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TYPICAL DUAL IN-LINE PACKAGE 
In Accord a nee With 

. 125 lYP.-

.110 

.090 

NOTE2 

NOTES: 

JEDEC (T0-116) Outline 

f Til 
NOTE l+.375 MAX.--j 

.200MAX . 

1. Leads are intended for insertion in hole rows on 
.300" centers. They are purposely shipped with 
"positive" (.375) m1sall1nment to facilitate insertion. 

2. Boerd-drillina dimensions should equal your 
practice for a conventional .020 llnch diameter lead. 

14.PIN FLAT PACKAGE" 

LOGIC DIAGRAM 

FAIRCHILCJ 

SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA ANO INSTRUMENT CORPORATION 



FAIRCHILD INTEGRATED . Cl RCU IT • 9620 

ELECTRICAL CHARACTERISTICS (Temperature Range -55°C to +125°C, Vcci = 5.0 V ± 10%, Vcc2 = 12.0 V ± 10%) 

LIMITS 

SYMBOL CHARACTERISTIC -55°c +25°c +125°c UNITS CONDITIONS & COMMENTS 
MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

VOL Output Low Voltage 0.40 0.25 0.40 0.45 Volts Vcci = 4.5V Vcc2 = 10.8 V 
10 L = 15.0 mA *Vo!FF = 0.5 V 

VoH Output High Voltage 2.8 3.0 3.3 2.9 Volts Vcci = 4.5V Vcc2 = 10.8V 
10 H = -0.2mA *VDIFF = -0.5 V 

lcex Output Leakage Current 50 100 200 µA VcEX = 13.2V 

lsc Output Shorted Current -1.4 -2.15 -3.1 mA Vcci = 5.0V Vcc2 = 12.0V 

IF Input Forward Current -3.1 -2.l -3.0 -3.0 mA Vcci = 5.0V Vcc2 = 12.0V 

tyTH Differential Input 500 120 500 500 mV Vcci = 5.0V Vcc2 = 12.0V 
Threshold Voltage 

tvcM Common Mode Voltage -15 15 -15 ±17.5 15 -15 15 Volts Vcci = 5.0V 
*Vo!FF = 2.0 V Vcc2 = 12.0V 

lvcc1 5 V Supply Current 13 8.2 13 13 mA Vcci = 5.5V +Input= 5.5 V 
Vcc2 = 13.2V -Input= 0 V 

lvcc2 12 V Supply Current 8.0 5.6 8.0 8.0 mA Vcci = 5.5V +Input= 5.5 V 
Vcc2 = 13.2V -Input= 0 V 

tpd+ Turn-off Time 35 50 ns RL = 3.9 kn CL= 30 pF 

tpd- Turn-on Time 20 50 ns RL = 390!2 CL= 30 pF 

tAll input voltages are referred to the attenuated inputs (A+, A-, B+, s-) 
*V01 FF is a differential input voltage referred from A+ to A- and from B+ to B-. 

Fig, 1 - SCHEMATIC DIAGRAM 

OUT A 

0.4k 6k 0.4k 

Ao+ 8.2k 

A -D 

2k 2k 

A+ 
A- -=- -=-

300Q 300Q 

STANDARD USAGE 

DRIVER SYSTEM RECEIVER SYSTEM 

LOGIC LINE DRIVER 9620 LOGIC 

4-4 



FAIRCHILD INTEGRATED CIRCUIT • 9620 

ELECTRICAL CHARACTERISTICS (Temperature Range 0°C to +75°C, Vcci = 5.0 V ±5%, Vcc2 = 12.0 V ±5%) 

LIMITS 

SYMBOL CHARACTERISTIC 0°C +25°C 
MIN. MAX. MIN. TYP. MAX. 

VOL Output Low Voltage 0.45 0.25 0.45 

VoH Output High Voltage 2.8 3.0 3.3 

le Ex Output Leakage Current 50 100 

lsc Output Shorted Current -1.4 -2.15 -3.l 

IF Input Forward Current -3.1 -2.l 

tyTH Differential Input 500 120 
Threshold Voltage 

tV:cM Common Mode Voltage -12 12 -12 ±17.5 

lvcc1 5 V Supply Current 13.5 8.2 

lvcc2 12 V Supply Current 8.5 5.6 

tpd+ Turn-off Time 35 

tpd- Turn-on Time 20 

tAll input voltages are referred to the attenuated inputs (A+, A-, s+, s-) 
*VDIFF is a differential input voltage referred from A+ to A- and from B+ to B-. 

Fig. 2 - SWITCHING TIME TEST CIRCUIT 

A 

Vcc1=5.0 V 
Vcc2 = 12 V 

Photograph of a 9620 switching 
differential data in the presence 
of high common mode noise. 

-3.0 

500 

12 

13.5 

8.5 

75 

75 

+75°C UNITS CONDITIONS & COMMENTS 
MIN. MAX. 

0.50 Volts Vcci = 4.75 V Vcc2 = 11.4 V 
IOL = 15.0 mA . *VDIFF = 0.5 V 

2.9 Volts Vcci = 4.75 V Vcc2 = 12.6 V 
10 H = -0.2 mA *VDIFF = -0.5 V 

200 µ.A VCEX = 5.25 V 
mA Vcci = 5.0V VcC2 = 12.0 V 

-3.0 mA Vcci = 5.0 V Vcc2 = 12.0 V 

500 mV Vcci = 4.75 V Vcc2 = 12.6 V 

-12 12 Volts Vcci = 5.0V 
*VDIFF = 2.0 V VcC2 = 12.0 V 

13.5 mA Vcci = 5.25 V +Input= 5.25 V 
Vcc2 = 12.6 V -Input= 0 V 

8.5 mA Vcci = 5.25 V +Input= 5.25 V 
Vcc2 = 12.6 V -Input= O V 

ns RL = 3.9 k!J CL= 30 pf 

ns RL = 390 n CL= 30 pf 

' 

WAVEFORMS 

-----.,+---0.5V 
50% 50% 

ov 

VIN 0.5V =:) f 50% 50% 

UV '"----'•t -···Tr~ Your 
---~1.5V 

l 

VERT= 2.0 V/div. HORIZ = 50 ns/div. 
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FAIRCHILD INTEGRATED CIRCUIT.• 9620 

TYPICAL ELECTRICAL CHARACTERISTICS 

TYPICAL OUTPUT LOW VOLTAGE 
VERSUS 

OUTPUT LOW CURRENT 

~ 200 1---+---+-+--+--+--+--,+--i 

~ 
~ 150 l---+---+-+-.---4-+---+--i 

~ 
~100~-"t--7'1~+--t---1--t--t---1 

0'---'---'-..._~---<1--~~~ 

0 5.0 10 15 20 

'oL - OUl PUT LOW CURRENT -mA 

5 
0 

TYPICAL V.,1 VERSUS Vo1FF 
TRANSFER CHARACTERISTIC 

> l.Ot-

5.0 

40 80 120 160 

VOIFF - DIFFERENTIAL INPUT VOLTAGE - mV 

TYPICAL V.,1 VERSUS Vo"' 
TRANSFER CHARACTERISTIC 

TYPICAL OUTPUT HIGH VOLTAGE 
VERSUS 

OUTPUT HIGH CURRENT 
LOGIC LEVELS VERSUS 

AMBIENT TEMPERATURE 
3.5 .---,.---,----L--r--r--r---..--.-.--,--, 

1-- lYPICAL-VoH® 1oH. -0.2mA 

200 

~ 3.0 1--+-wo.51 CA5E VoH. loH. ·0.2mA -

~ 2.5 l--+-+--+--+--+---+-1-1--+--l 

::; 
~ 2.0 

~ 1.5 Vee}. 4.~v 
'51.0 Vccz. ilo.8v 

>o I lYPlr/AL ~Ol ®,loL ·, Ismi t 
0.5 f::::dl--+WORST CA5E Vol@ .!Jl.l • 15mAl 

0 
.i.L.I I II 

·60 ·20 0 20 60 100 

loH - OUTPUT HIGH CURRENT - mA TA• AMBIENT 1EMPERA1URE-°C 

7.0 

TYPICAL V.,1 VERSUS Vo1" 
TRANSFER CHARACTERISTIC 

VolFF - DIFFERENTIAL INPUT VOLTAGE- mv 

TYPICAL V.,1 VERSUS VcM 
CHARACTERISTICS 

140 

Vee!. 5.ov J,ENJA10l1NPTis 

Vccz. 12V J J ie;, 

...... Vcc1 • 5.ov _I [ 

~ 4.0 

~ 3.0 

g 

~ 
~ 2.0 

5 
0 

> 1.0 

0 
0 50 

TA • ·55°C Vll I 
'A •O"C~ I I t 
TA• '::S 
I 

TA•75'}_~ 

TA. l25oC-, 'I 

± 
I"'! 

j 

100 150 200 

Vo1FF- DIFFERENTIAL INPUT VOLTAGE - mV 

INPUT VOLTAGE VERSUS 
INPUT CURRENT 

~ l.L_ ' 6.0 t--'t--+--+--+--'-+--+--11--+--t 

~ 01--+--+--+-~~~~+-+--+--+--+-I 
~z ..L V.f_ -:-;6.o t--+-'-+lL~V+-c-+--i-t--t--+-'-+--l 
> ,,_<J'81 

·121----1# y 

·18 21 .1 
·15 ·9,fr ·3.0 3.0 

t IN --INPUT 'CURRENT - mA 

9.0 l5 

250 

6.0 

i:l 
~ 5.0 

1.0 

0 
·25 

Vcc2 • 12V TA· 25 c 

VIN• 5.0V-j 
' I 

v1N • 2,-ov.-1 t--IH 
vr_r~ b_ 

v 
L.l'.1N :Lo.5l10 iov 

·15 ·5.0 0 5.0 15 25 

VCM • INPUT COMMON MODE VOLTAGE· VOLTS 

SWITCHING TIME VERSUS 
AMBIENT TEMPERATURE 

80 ,.-,--..--,.--.,--,-...,.-r--,-.--..,......., 
Vcc1. s.ov lJ>><..··1 
Vee,· 12v &.~ 
SEE FIG 2 _le.~. 

·1 .... ~,."" ..... ~"-" -+----< I ,.Y 17' 
....... 00~RST CA5E t~ ,.. ,..-·" ....... ·.Z"" 

60 

POWER DISSIPATION VERSUS 
AMBIENT TEMPERATURE 

~ 200t---~ 

~ _ ....................... \'(V~ 

~ 150 L::t:t::t:t:±=±::::J=!-Li 
~100~7';t;;::'j'-;;"-;t.::=t=:;=lo-+.....l"""'l--+--l 

201--+-+--i--+--+--+--+---<l--+--t 

50 

o.__..._...__,__.__.__..__.---''--..__. 
·60 ·20 0 20 60 100 140 ~20 0 20 60 100 140 

TA - AMBIENTTEMP£RATURE-°C 
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FAIRCHILD INTEGRATED CIRCUIT • 9620 

DIGITAL COMPARATOR WITH 
DIODE REFERENCE AND 
HIGH LEVEL LOGIC OUT 

-=-t--
Yth' 2¥01011£ 

12.0V 

llVEITlll 

R, ::2: 750!1 

DIGITAL DIFFERENTIAL AMPLIFIER 
(Line Receiver) 

s~l L INVERTINI WITH TERMIUTION 

J:~J 1 NON-INVERTING WITH T£RMINATION 

INTERFACING METHODS 

APPLICATIONS 

DIGITAL DIFFERENTIAL LINE 
RECEIVER WITH INPUTS 

ROLLED OFF 

4-5b 

EXPANDED INTERFACE 

Vref =Resistor, Diodes, or Supply 

. DIGITAL COMPARATOR 

l 

I 

DIGITAL COMPARATOR WITH 
RESISTIVE DIVIDER 

AS REFERENCE 

I 
NON-INVERTING 



'--~~~~~~~-F_Al_R_CH_l_LD~IN_T_E_G_RA_T_E_D_C~l_RC~U_IT~·-9_6~20_._· ~~~~~~----'' 

MULTIVIBRATOR 

TYPICALLY 
R, = 1.6 kn, Rz = 2.7 kn, T = 1.3 R,C 

MONOSTABLE MULTIVIBRATOR 
NEGATIVE EDGE TRIGGERING 

TYPICALLY 
C1 = 0.1 µf, R1 = 1.2 kn, R2 = 1.0 kn 
Pulse Width = 50 ns + 3.15 X 10' C2 

CRYSTAL CONTROLLED 
MULTIVIBRATOR 

TYPICALLY R 
2 

R1 = 1.6 kn, R2 = 2.7 kn, C = liiiiQ 

4-5c 

A.C. COUPLED DIGITAL AMPLIFIER 
WITH HYSTERESIS 

~~ c . 
I -

.. :.< 
"':" 'T 

TYPICALLY 
R, = 1.6 kn, Rz = 2.1 kn 

DOUBLE·ENDED COMPARATOR 

HIGH INPUT IMPEDANCE 
LINE RECEIVER 

(Positive Signals Only) 

12¥ 

OUT 



9621 
DUAL-LINE DRIVER 

FAIRCHILD INTEGRATED CIRCUIT 

GENERAL DESCRIPTION - The 9621 was designed to drive transmission lines in either a differential or a 
single-ended mode. Output clamp diodes and back-matching resistors for 130n twisted pair are provided. The 
output has the capability of driving high capacitance loads. It can typically switch >200 mA during transients. 

FEATURES 

• CCSL COMPATIBILITY 
• TRANSMISSION LINE BACK-MATCHING 
• OUTPUT CLAMP DIODES 
• HIGH CAPACITANCE DRIVE 
• HIGH OUTPUT VOLTAGE 
• MILITARY TEMPERATURE RANGE 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
Vcci Pin Potential to Ground Pin 
Input Voltage 
Voltage Applied to Outputs 
VcC2 Pin Potential to Ground Pin 

~RDER INFORMATION 

-65°C to +150°C 
-55°C to + 125°C 

+3.SVto+sv 
-.5Vto+15V 

-2Vto +Vcci + 1 V 
Vcci to +15V 

ipecify U6A9621XXX for 14 pin Dual In-Line Package or U319621XXX for 14 pin Flat Package where XXX is 
>lX for the -55°C to +125°C temperature range, or 59X for the 0°C to +75°C temperature range. 

SCHEMATIC DIAGRAM 

Vee1 

1050 

313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 
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TYPICAL DUAL IN·LINE PACKAGE 
Similar to 

JEDEC (T0-116) Outline 

NOTESo 
1. Leads ere intended for 1nsert1on in hole rows on 

.300" centers. They are purposely shipped with 
"pos1t1ve" (.375) m1sah9nment to fac111tate msertion. 

2. Board·dnlhng d1mens1ons should equal your 
practice for a conventional .020 hnch diameter lead. 

14 PIN FLAT PACKAGE 

,'3E~T 
~7~8 
.020 '-.370-.260MAX.-.370-

' .250 . .250 .065 

~~'E§===::.~~...,...(.050 
I 

LOGIC DIAGRAM 

Vcc1=14 

Vcc2=s 

GND=7 

FAIRCHIL.CJ 

SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 



FAIRCHILD INTEGRATED CIRCUIT 9621 

ELECTRICAL CHARACTERISTICS 
MILITARY TEMPERATURE RANGE -55°C to +125°C (UXX962151X) 

LIMITS 

SYMBOL NOTES CHARACTERISTICS -55°C +25°C 
MIN. MAX. ·MIN. TYP. MAX. 

VOL Output Low Voltage 350 200 350 

VoH Output High Voltage 4.0 4.0 4.3 

lsc 1 Output "Short Circuit" -180 -300 
Current 

IOL 1 Output Low Current 150 200 

IF Input Forward Current 1.8 1.15 1.8 

IR Input Reverse Current 2.0 <LO 2.0 

VoLR 2 Resistive Output 380 500 
Low Voltage 

VoHR 2 Resistive Output 4.0 4.2 
High Voltage 

VOLc 3 Clamped Output -1.0 -2.0 
Low Voltage 

VoHc 3 Clamped Output 6.0 7.0 
High Voltage 

lcc1 +5 V Supply Current 7.0 4.7 7.0 

lcc2 + 12 V Supply Current 9.8 6.5 9.8 

tpd+ 4 Turn-Off Time 30 150 

tpd- 4 Turn-On Time 80 150 

tpd+ Turn-Off Time 13 25 

tpd- Turn-On Time 9 25 

VIL Input Low Voltage 1.3 1.5 1.0 

VIH Input High Voltage 2.2 2.0 1.7 

NOTES: 

(1) Pulse tests to insure transient current handling (test time= 3 seconds maximum - one side only). 
(2) Test output resistance including 105!l output resistor. 
(3) Tests output clamp diodes. 

+125°C UNITS 

MIN. MAX. 

400 mV 

4.0 v 

mA 

mA 

1.8 mA 

5.0 µA 

v 

v 

v 

v 

7.3 mA 

9.8 mA 

ns 

ns 

ns 

ns 

0.7 v 

1.8 v 

CONDITIONS & COMMENTS 

IOL = 20mA Vcci = 4.5V 
Vcc2 = 10.8 V 

loH = -20mA V~CI = 4.5V 
Vcc2 = 10.8 V 

Your= OV Vcci = 4.5V 
Vcc2 = m8v 

Your= 5.0 V Vcci =4.5V 
Vcc2 = 10.8 V 

VF=OV Vcci = 5.5V 
Vcc2 = 13.2V 

VR = 5.5V Vcci = 5.5V 
Vcc2 = 13.2V 

IOL = 2.8 mA Vcci = 5.0V 
Vcc2 = 12.0V 

loH =-2.3mA Vcci = 5.0V 
Vcc2=12.0V 

IOL = -20mA Vcci = 5.0V 
Vcc2 = 12.0V 

10 H = 20mA Vcci = 5.0V 
Vcc2 = 12.0 V 

Inputs Vcci = 5.5V 
Open Vcc2 = 13.2V 

CL= 5000pF Vcci = 5.0V 
Vcc2 = 12.0V 

CL= 30 pf Vcci = 5.0V 
Vcc2 = 12.0V 

Vcci = 5.5V 
Vcc2 = 10.8 V 

Vcci =4.5V 
Vcc2 =13.2V 

(4) With both sides loaded at TA= +125°C, maximum frequency= 500 kHz for Dual In-Line package (OJA= 95°C/W) or 300 kHz for Ceramic Flat Pak (OJA= 165°C/W). 

4-7 



FAIRCHILD INTEGRATED CIRCUIT 9621 

ELECTRICAL CHARACTERISTICS 
INDUSTRIAL TEMPERATURE RANGE 0°C to +75°C (UXX962159X) 

LIMITS 

SYMBOL NOTES CHARACTERISTICS 0°C +25°C +75°C UNITS CONDITIONS & COMMENTS 

MIN. MAX. MIN. TYP. MAX. 

VOL Output Low Voltage 400 200 400 

VoH Output High Voltage 4.2 4.2 4.4 

lsc 1 Output "Short Circuit" -100 -300 
Current 

loL 1 Output Low Current 75 200 

IF Input Forward Current 1.8 1.15 1.8 

IR Input Reverse Current 5.0 <LO 5.0 

VoLR 2 Resistive Output 380 500 
Low Voltage 

VoHR 2 Resistive Output 4.0 4.2 
High Voltage 

VoLc 3 Clamped Output -1.0 -2.0 
Low Voltage .· 

VoHc 3 Clamped Output 6.0 7.0 
High Voltage 

lcc1 +5 V Supply Current 7.0 4.7 7.0 

lcc2 +12 V Supply Current 9.8 6.5 9.8 

tpd+ 4 Turn-Off Time 30 200 

tpd- 4 Turn-On Time 80 200 

tpd+ Tum-Off Time 13 40 

tpd- Turn-On Time 9 40 

VIL Input Low Voltage 1.3 1.5 1.0 

VIH Input High Voltage 2.2 2.0 ·u 

NOTES: 

(1) Pulse tests to insure transient current handling (test time= 3 seconds maximum - one side only). 
(2) Test output resistance including 1050 output resistor. 
(3) Tests output clamp diodes. 

MIN. MAX. 

450 mV 

4.2 v 

mA 

mA 

1.8 mA 

10.0 µA 

v 

v 

v 

v 

7.3 mA 

9.8 mA 

ns 

ns 

ns 

ns 

0.7 v 

1.8 v 

(4) Maximum frequency= 500 kHz with both sides loaded at TA= +75°C for both Dual In-Line package and Ceramic Flat Pak. 
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IOL = 20mA Vcci = 4.75V 
Vcc2 = 11.4 V 

10 H = -20mA Vcci = 4.75V 
Vcc2 = 11.4 V 

Your= OV Vcci = 4.75V 
Vcc2 = 11.4 V 

Your =5.0V Vcci = 4.75V 
Vcc2 = 11.4 V 

VF.= ov Vcci = 5.25V 
Vcc2 = 12.6 V 

VR = 5.5V .Ycci = 5.25 V 
Vcc2 = 12.6 V 

loL = 2.8 mA Vcci = 5.0V 
Vcc2 = 12.0V 

· 10 H = -2.3 mA Vcci = 5;0V 
Vcc2=12.0V 

IOL = -20mA Vcci = 5.0V 
Vcc2.= 12.0V 

10 H = 20mA Vcci = 5.0V 
Vcc2 = 12.0V 

Inputs Vcci = 5.25V 
Open Vcc2 = 12.6V 

CL= 5000 pf Vcci = 5.0V 
Vcc2 = 12.0V 

CL= 30 pf Vcci = 5.0V 
Vcc2 = 12.0V 

Vcci = 5.25V 
Vcc2 =·12.6 V 

Vcci = 4.75V 
Vcc2 = 11.4 V. 

I 



. FAIRCHILD INTEGRATED CIRCUIT 9621 

TYPICAL OUTPUT LOW 
CURRENT VERSUS 

OUTPUT LO)'/ VOLTAGE 
300 

vcd, • J.ov+---+-+-+--+--+--+--l 

.., 250 iJ'cc2 ·1 r2v-r-r-r-r-t:=t::::=P-I 
e v-r-
~~~-+--+--+--~ZJ-+-+-f-+--1 
[!) 
~ 150 t--t--t--t--t-1-+t--t--+--+--t--i 

8~r--t-t--t-:;;;~/-t--t--t--t--t--1 i---P 
:P 

50 f--lt--t--t--+-+-+---+---+---+-1 

ri 
1.0 2.0 l.O 4.0 

VOL· OUTPUT LOW VOLTAGE· VOLTS 

SUPPLY CURRENT VERSUS 
SUPPLY VOLTAGE 

INPUTS GROUNDED 

~v v 
ili-12 L y 
-8 -16 _y v 

50 

Yee, - SUPPLY VOLTAGE. VOLTS 

TYPICAL OUTPUT IMPEDANCE 
WITH BACK MATCHING 

RESISTORS 
vcc1 • 5.ov 

5.0 

< 30 
e 

vccz • 12v 
lZ 

~/ . rfJ rL .. 
~ 10 

~ 0 

~ -10 

1'l 
-. ·30 

-50 

lL 
Ii 

~ :zJ 

± 7 

IL 
lJ 
f 

·10 ·6.0 .-2.0 0 2.0 6.0 10 

40 

0 

Your - OUTPUT VOLTAGE - VOLTS 

TYPICAL SUPPLY CURRENT 
VERSUS FREQUENCY 

Ycc1 • 5.0V 

Ycc2 • 12V 

NO OUTPUT LOADING 

1 
lL 

v 
~ 

0.1 0.2 0.5 1.0 2.0 5.0 .10 

f • FREQIENCY • lltlz 

·500 

TYPICAL OUTPUT HIGH 
CURRENT VERSUS 

OUTPUT .HIGH VOLTAGE 
Yee, • 5.ov lL 
Ycc2 • 12v H 

L 
I v 

ll v v 
17 

0 1.0 2.0 l.O 5.0 4.0 

VoH - ouiPUTHIGH.VOLTAGE-VOLTS 

SUPPLY CURRENT VERSUS 
SUPPLY VOLTAGE 

INPUTS OPEN 

16 t--+--t--+---l-+---t--+---1 

4.0 8.0 . 12 

Ycc2 ·SUPPLY VOLTAGE - VOLTS 

SWITCHING TIME VERSUS 
TEMPERATURE 

16 

».--.--.--.--.--.--.-.-.-~ 

30~ ~ 
~wr1ASE~ 

~1-;:;l:=F=~+-~t=-t-+.:..t-l 
'id• Yee 1. 5Jv 

~ 20 1--t--+-- 1. -+--+--+--io--1 
Ycc2. 12.0V '"°''A 

~ 15 i-cl.-.."'-l<:-+--ct"1_· r-30-""r--1=+-:~:;..-<f-V-+-1 
i- ~~-

10 1-t-t-t---t ~71"==+-+-+-+-l 
~ TYP1AL 

5.0 1--t--t--t--+-t--+-+-+-+--l 

IEMl'ERATURE l°CI 

SWITCHING TIME TEST CIRCUIT 

ru 
DUTY CYCLE 

50% 
AMPLITUOE 

0-4V 

4-9 

5.0 

!5 
>0 1.0 

LOGIC LEVELS VERSUS 
AMBIENT TEMPERATURE 

TY Pl CAL 
wojg 

CASE 

Yee, • 4.5v 

Ycc2 • 10.sv 

loH • ·20mA 

~ • 20mA 
TYPICAL WORl TCA 5E-1--

0 
-60 -20 0 20 ~ 

TA • AMBIENTTEMl'ERATURE • "'C 

SUPPLY CURRENT VERSUS 
SUPPLY VOLTAGE 

140 

::f I// 
- 2.0 t--+--+---1.-;1F-"'------1-+----+--I 

TYPICAL--1 V 

~ 

160 

~ 
;:: 80 

40 

0 

Vee - SUPPl.Y VOLTAGE - VOLTS 
I . 

SWITCHING TIME VERSUS 
TEMPERATURE 

~ ,..- WORST CASE 

!II' h 

Vee, •. 5.ov 

Vee • 12.ov , ........ ~. cl1r1 

t----1-
1--' ~PIC~L{'J 

I _[ 

·60 ·20 0 20 60 100 

TA • AMBIENT IEMl'ERATURE • °C 

WAVEFORMS 

140 



FAIRCHILD INTEGRATED CIRCUIT 9621 

DESCRIPTION OF REFLECTION DIAGRAM USAGE 

The reflections on any line may be found by using the following procedure: 

1. Draw the driver output characteristics for both the "high state" and the "low state" on an I · V graph in the same manner as the reflection 
diagram. 

2. Draw the receiver input characteristic on the same graph. The two points of intersection of the receiver and driver characteristics are the two 
DC operating points. 

3. Choose to analyze either the reflections for the output going low or high. In the example chosen the negative transition is analyzed. 

4. Draw a line with a slope equal to the impedance of the line to be used, (Z0 = IOOn in the example), from the "high state" operating point 
(labeled A on our graph) to the "low state" output device characteristic (B 1 ). B 1 equals the conditions at the driver output immediately after 
turn-on. 

5. Reverse the slope of Z0 and sketch it from B 1 to the receiver input characteristic (C 1). C1 equals the conditions at the receiver when the 
wavefront B 1 first reaches it. 

6. By continuing this procedure of reversing the slope of Z0 at each node all the reflections (Bp C1, B2, C2, B3, C3 - - - BN, CN), where Bx is the 
voltage at the driver and Cx is the voltage at the receiver, can be found. 

The same procedure is used to check the reflections when switching the output high. 

BACK-MATCHING, also referred to as reverse termination, offers several advantages to the user. It reduces the system power by not requiring the high 
current for resistive termination and it reduces the DC line losses because IR drops in the line become minimum. 
To back-match any line (output switching low): 

1. Measure the output resistance, Rout• from the "low state" operating point to B 1• 

2. Subtract Rout from Z. (Rout+ RM = Z0). This value Rw is the required back-matching resistance. 
3. Place RM in series with the output of driver. 
4. The reflections that occur on the line with RM inserted can be treated in the same manner as the general case. The results are 81' and C1 '. and 

the receiver will not see any reflections. 

When switching the line differentially RM + Rout= Z0/ 2• The matched output characteristics of the 9621 make it possible to back-match effectively and 
require analysis of switching only one state. 

TYPICAL REFLECTION DIAGRAM* 

1 1 
-3.0 ·l.O 0 1.0 3.0 5.0 7.0 9.0 10 

Vour - OUTPUT VOLTAGE - VOLTS 

• GRAPHICAL ANALYSIS 
First Presented by John B. James of l.C.T. (Eng.) LTD. 

4-9a 



FAIRCHILD INTEGRATED CIRCUIT 9621 

REFLECTION TEST CIRCUIT BACK MATCHING TABLE 

9621 RM n 
75Q STRIPLINE [~27'1~ -

RTE RM. 

RM RM 
when used when used 

Zo single ended differentially 

50 !l 32 !l 16 g 

75 g 62 g 30 g 

92 !l 82 g 41 g 

100 !l 90 g 45 g 

130 g 120 n 60 g 

300 !l 290 !l 145 !I 
The reflections are two delay's of the line wide. Rt.cm is the total impedance seen at the receiving end. 600 n 590 !l 295 g 

-···-··1 ·········•1111111111111111111 
~-----···~···1-••••1 •1• 1111••11•1 
• 1111111111111.11 ---100 ns/Div. 

RM = 0 Rterm = 75!1 

11111111111111111111 ••••••••• •••••••••• 
~········== ~·········· N •••••••••• ••••••••• 111111111111111111 

200 ns/Div. 

4-9b 

200 ns/Div. 

RM = 62 !1 Rterm = 00 

1111111111111111 • ••••••• • •••••••• ~ •••••••••• 
~·········· N •••••••••• • ••••••• 1111111111111111 

200 ns/Div. 



9624. 9625 
DUAL CCSL, MOS INTERFACE ELEMENTS 

FAIRCHILD INTEGRATED CIRCUITS 

GENERAL DESCRIPTION - The 9624 is a dual two-input CCSL compatible interface gate specifically designed 
to drive MOS. The output swing is adjustable and will allow it to be used as a data driver, clock driver or 
discrete MOS driver. It has an active output for driving medium capacitive loads. 

The 9625 is a dual MOS to CCSL level converter. It is designed to convert standard negativ~ MOS logic levels 
to CCSL levels. The 9625 features a high input impedance which allows preservation ~f the driving MOS 
logic level. 

Both the 9624 and 9625 are available in the 14-pin ceramic Dual In-Line package and the 14 x 14 Flat Pak. 

FEATURES 
• CCSL COMPATIBLE INPUTS/OUTPUT 
e MOS COMPATIBLE OUTPUT/INPUTS 
• LOW POWER 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
Yee Pin Potential to Ground Pin 
Voltage Applied to Outputs for high output state (9624) 
Voltage Applied to Outputs for high output state (9625) 
Input Voltage (D.C.) (9624) 
Input Voltage (D.C.) (9625) 
V 00 Pin Potential to Ground Pin 
V00 Pin Potential to Tap Pin (9624) 

ORDER INFORMATION 

-65°C to +150°C 
-55°C to +125°C 

V00 to +lOV 
V00 to +Vee value 

-0.5 V to Yee value 
-0.5 V to +5.5 V 

Yee to Yoo 
+-30 V to +0.5 V 
-,30 V to +0.5 V 

Specify U6A9624XXX and U6A9625XXX for 14-pin T0-116 Dual In-Line package or U319624XXX and U319625XXX 
for 14-pin Flat Package where XXX is 51X for the -55°C to +125°C temperature range, or 59X for the 
0°C to +75°C temperature range. 

9624 

GND Vee 14 

2 NC TAP 13 

3 12 

4 11 

5 10 

6 9 

7 8 

313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011 .• TWX: 910-379-6435 

4-10 

TYPICAL DUAL IN-LINE PACKAGE 
In Accordance With 

JEDEC (T0-116) Outline 

NOTES: 
l. Leads are intended for insertion ii:t ole rows on 

.300" centers. They ue pur ed with 
"positive" (.375) misalisnmenl to te insertion. 

2. Baud-drilling dimensions shoul I your 
prmctice for a conventional .020_1~ diameter lead. 

·,y'" 

. ",,,, ~J,. 

14-PIN FLAT PACKAGE 

9625 

GND Vee 14 

2 13 

3 12 

4 11 

5 10 

6 9 

7 VDD 8 

FA.IRCHILCJ 

SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA ANO INSTRUMENT CORPORATION 



FAIRCHILD INTEGRATED CIRCUIT 9624 

TABLE 1-
ELECTRICAL CHARACTERISTICS (TA= -55°C to +125°C, Vee= 5.0 V ±10%) 

SYMBOL CHARACTERISTICS -55°C 
MIN. MAX. 

VOHI Output High Voltage -1.0 

VOH2 Output High Voltage +3.5 

VoL Output low Voltage 

VIH Input High Voltage 2.1 

VIL Input Low Voltage 1.4 

IF Input Load Current -1.40 

IR Input Leakage 2.0 
Current 

lcEx Output Leakage 
Current 

lsc Output Short -12 -31 
Circuit Current 

lvcc Vee Supply Current 

IMAX Max. Current 

tpd+ Switching Speed 

tpd- Switching Speed 

Note 1: Max= V00 +1.0 V over Temperature Range 
Typ = V00 +0.2 V over Temperature Range 

5kQ 

IN 1 GNO 
1 

&kQ 

15kQ 

(IMITS 
+25°C +125°C 

MIN. 'TYP. MAX. MIN. MAX. 

-1.0 -0.5 -1.0 

+3.5 +4.0 +3.5 

see Note 1 

1.9 1.7 

1.1 0.8 

-1.25 -1.13 

2.0 5.0 

50 

-14 -32 -11 -28 

6.1 

10 

190 250 

50 100 

SCHEMATIC DIAGRAM 

500Q 

OUT 1 

Yee 
14 

13 
TAP 

OUT 2 

Yoo 
7 

Fig. 1 

4-11 

500Q 

UNITS 

Volts 

Volts 

Volts 

Volts 

mA 

µA 

µA 

mA 

mA 

mA 

ns 

ns 

-15kQ 

GND 
1 

CONDITIONS 

Vee= 4.5 V, V00 = -28 V, VrAP = 0 V 
loH := -10 ,µA 

Vee= 5.5 V, V00 = -20 V, VrAP = 5.5 V 
Inputs at threshold voltages (V1L) 10 H = -10 µA 

Vee =4.5V, IOL = 10 mA, V00 = -11 to -28 V 
@ V1H• 0 ~Yr AP~ Vee 
Guaranteed input high 
threshold for all inputs 

Guaranteed input low 
threshold for all inputs 

Vee= 5.5 V, VF= 0.4 v 
V00 = -11 to -28 V 

Vee= 5.5 V, VR = 4.0V 
V00 = -11 to -28 V 

Vee= 5.5V, VrAP = OV 
V00 = -28V, Your= OV 

Vee= 4.5 V, VrAP = 0 V, V1N = 0 V 
V0 1!> = -11 V, Your= -11 V 

Vee= 5.5V, V00 = -15 V, VrAP = 0 V 
Inputs Open 

Vee= 10 V, V00 = -30 V, Inputs Open 
VTAP=OV 
V cc = 5.0 V, See Figure 2 

V00 = -13V, VTAP = OV 

5kQ 

IN 2 

'-------0 10 

6kQ 



FAIRCHILD INTEGRATED CIRCUIT 9624 

TABLE 11-
ELECTRICAL CHARACTERISTICS (TA= 0°C to +75°C, Vee= 5.0 V ±5%) 

SYMBOL CHARACTERISTICS 0°C 
MIN. 

VOHI Output High Voltage -1.0 

VOH2 Output High Voltage +3.25 

VoL Output Low Voltage 

VIH Input High Voltage 2.0 

VIL Input Low Voltage 

IF Input Load Current 

IR In put Leakage 
Current 

leex Output Leakage 
Current 

lse Output Short -12 
Circuit Current 

lvee Vee Supply Current 

IMAX Max. Current 

tpd+ Switching Speed 

tpd- Switching Speed 

Note 1: Max= V00 +1.0 V over Temperature Range 
Typ = V00 +0.2 V over Temperature Range 

MAX. 

1.2 

-1.32 

5.0 

-31 

LIMITS 
+25°C 

MIN. TYP. MAX. 

-1.0 -0.5 

+3.25 +3.75 

See Note 1 

1.9 

1.1 

-1.25 

5.0 

100 

-14 -32 

6.1 

10 

190 250 

50 100 

+75°C UNITS 
MIN. MAX. 

-1.0 Volts 

+3.25 Volts 

Volts 

1.8 Volts 

0.95 Volts 

-1.20 mA 

10 µA 

µA 

-12 -31 mA 

mA 

mA 

ns 

ns 

ELECTRICAL CHARACTERISTICS • 9624 

THRESHOLD VOLTAGE VERSUS 
AMBIENT TEMPERATURE 

2.5 t---+--+---+-t---+--+---+---1 

0.5 t----+---+--+-t----+---+---t-----f . 
' O'---'--'--J.-'---'--'---'---' 

-55 -25 0 25 50 75 100 125 

TA· AMBIENT TEMPERATURE· 'C 

POWER DISSIPATION VERSUS 
AMBIENT TEMPERATURE 

Voo. ·ISV 
~SOt---+--+---+~MP!t.t--M~TE-0-NM~WE-R-+--< 

1---1--__ ,,,.j.---+~+---+---r--:_::t-~ 

~ <II t----+---+--+-t----+---+--+----l 
~ 

i!i 30 l':j:::::;;;/='-t-TYt"P-GA'TTE;ON;Mj::WE::R:t:=-1 
~ t- :::::::: 

~ 2D t----+---+--+-t----+---+---+--1 
"' 
~ IO ~~---~·~£?-:C?i--r-+-

TYP GATE OFF MWER 

-55 -25 0 .25 50 75 1100 125 

TA· AMBIENT TEMPERATURE· 'C 

250 

200 

il5D 

~ 
5100 
o• 

SD 

TYPICAL OUTPUT CURRENT 
VERSUS OUTPUT VOLTAGE 

(LOW STATE) 

TA :1°c 
Vee· s.ov lL Voo. -Bv 

k--: 
k--: 

L 

t 
fT 

_y 
IL 

·13 ·12 ·II ·10 -9.0 -8.0 ·7.0 ·6.0 

VOL· OUTPUT VOLTAGE· VOLTS 

TYPICAL SWITCHING TIME 
VERSUS LOAD CAPACITANCE 

~~t--+-+-+-+-+--..+-+-+-+--< 
iL 

200 400 600 800 1000. 
C1 • LOAD CAPACITANCE· pf 
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CONDITIONS 

Vee = 4.75 V, V00 = -28 V, VTAP = 0 V 
10 H = -lOµA 

Vee= 5.25 V, V00 = -20 V, VrAP = 5.25 V 
10 H = -lOµA 
Inputs at threshold voltages (V1L or V1H) 

Yee = 4.5 V, IOL ·= 10 mA, V00 = -11 to -28 V 
@ 0 ~ VrAP ~ Yee 
Guaranteed input high 
threshold for all inputs 

Guaranteed input low 
threshold for all inputs 

Vee= 5.25 v. VF= 0.45 v 
Vee= 5.25 V, VR = 4.5 V 

Vee= 5.25 V, VTAP = 0 V 
V00 =-28V, Your=OV 

Vee=4.75V, VTAP=OV, V1N=OV 
V00 = -11 V, Your= -11 V 

Vee= 5.25 V, V00 = -15 V, VTAP = 0 V 
Input Open 

Vee= lOV, V00 = -30V, VrAP = OV 
Input Open 

Vee = 5.0 V, See Figure 2 

V00 = -13 V, VTAP = 0 V 

-5.D 

1-IO 

-35 

·<II 
D 

TYPICAL OUTPUT CURRENT 
VERSUS OUTPUt VOLTAGE 

(HIGH STATE) 

"b. TA• 25'C 
Vee· s.ov 

~ Voo. -Bv 

b.. 
bJ 

I~ ,-

-4.0 -8.0 -12 

VOH ·OUTPUT VOLTAGE· VOLTS 

SWITCHING TIME VERSUS 
AMBIENT TEMPERATURE 

·16 

~/ 
400 t---+--+--+---<-+---+----< 

100 

-55-250255075100125 
TA ·AMBIENTTEMPERATURE·'C 



PULSE GENERATOR 

REP RATE= 500 kHz 
AMPLITUDE= 3 V 
PULSE WIDTH= lµs 
t,, t1 :::; 10 ns e= 15pF 

LOADING RULES: 

APPLICATION: 

1/1 

1/1 

* 

=n~ 
)l9624 

Vee:= sv 
Voo=-27V 
VTAP = OV 

FDH60R 
EQUIVALENT 

FAIRCHILD INTEGRATED CIRCUITS 9624 • 9625 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
9624 

VIN 

Your } ! J tpd+ tpd-
VIN 

TAP! !voo J 
re 

13 1 

re 
Your -= -= 

TESTS CONDITIONS 

TA Vee Yoo Tap 
tpd +, tpd - (oC) (Volts) (Volts) Voltage 

25 5.0 -13 0 

Fig. 2 

9624 

) SEE NOTE 1 ---'L-.J o---
9625 

SEENOTE2 t> 
----- ·----- 3/1 

1 
*The extender pin allows the number of inputs to be extended by adding diodes or the DTµL 933 extender. 

Note 1: Fan out into MOS is limited only by MOS leakage currents. 
Note 2: 11N = + 210 µA 

j-ecs"l LiiGie- ~ 
I 
I 

: =Do--+---' 
I I 
L------.J 

CLOCK DRIVING (using a high capacitance drive scheme) 

-I 1-........oELAYTIME \ 
1 - 11 --ts-I I-- RISE TIME 

VouT _[ tt 1C-::: -1 I-FALL TIME 

VouT 

4-13 

220 

TYPICAL SWITCHING TIMES 
VERSUS LOAD CAPACITANCE 

:t-koRA 
llil 1--1--;--;--t--t--t-+-+-+-l 

rot--t---11--1--;--;--;--t--+-+-1 
O"--'----''---''---'--'--'----J.----J.--L-1 

0 200 400 600 liXl llm 

CAPACITIVE.LOAD·~ 

1.5¥ 



FAIRCHILD INTEGRATED CIRCUIT 9625 

TABLE 111-
ELECTRICAL CHARACTERISTICS (TA= -55°C to +125°C, Vee= 5.0 v ±10%) 

SYMBOL CHARACTERISTICS -55°C 
MIN. MAX. 

VoH Output High Voltage 2.5 

Vol Output Low Voltage 0.5 

VIH Input High Voltage -3.0 

VIL Input Low Voltage -9.0 

IF Input Load Current 210 

leEx Output Leakage Current 

lveeL Supply Current 

lveeH Supply Current 

lvoo V00 Supply Current 

IMAX Max. V00 Supply Current 

tpd+ Switching Speed 

tpd- Switching Speed 

IN 1 5 

22kQ 

LIMITS 
+25°c +125°c 

MIN. TYP; MAX. MIN. MAX. 

2.6 2.5 

. 
0.5 0.5 

-3.0 -3.0 

-9.0 -9.0 

210 210 

50 

4.8 

2.1 

-9.0 

-25 

55 100 
90 150 

SCHEMATIC DIAGRAM 

Vee 
14 

GNO 

7 
Yoo 

Fig. 3 
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UNITS CONDITIONS 

Volts Vee= 4.5 V, 10 H = -60 µA 
V00 = -11 V 
Inputs at threshold voltages (V1H) 

Volts Vee = 5.5 V, IOL = 1.5 mA 
Vee= 4.5 V, IOL = 1.2 mA 
V00 = -11 V 
Inputs at threshold voltages (V1L) 

Volts Guaranteed input high 
threshold for all inputs 

Volts Guaranteed input low 
threshold for all inputs 

µA Vee= 5.0 V, VF= -3.0 V, V00 = -13 V 
µA Vee= VeEx = 4.5 V, V00 = -13 V 
mA Vee= 5.5 V, Y00 = -15 V, V1N = -10 V 

Vee= 5.5 V, V00 = -15 V, V1N = 0 V 
mA Vee= 5.5 V, V00 = -15 V 

Input open or gnd 

mA Vee= 8.0V, Yoo= -20V, v,N = ov 

ns Vee= 5.0 V, V00 = -13 V 
ns See Figure 4 

~-. 

lO IN 2 

22kQ 



FAIRCHILD INTEGRATED CIRCUIT 9625 

TABLE IV-
. ELECTRICAL CHARACTERISTICS (TA = 0°C to +75°C, Yee= 5.0 V ±5%) 

SYMBOL 

VoH 

Vol 

VIH 

VIL 

IF 

leex 

lveeL 

lveeH 
lvoo 

IMAX 

tpd+ 
tpd-

-IO 

-11.0 

!!l 
g 

-iii-u 
··~ 

~ 
9 
-~-u 
;!: 

-2.0 

CHARACTERISTICS 

Output High Voltage 

Output Low Voltage 

Input High Voltage 

Input Low Voltage 

Input Load Current 

Output Leakage Current 

Supply Current 

Supply Current 

V 00 Supply Current 

Max. V00 Supply Current · 

Switching Speed 

Switching Speed 

THRESHOLD VOLTAGE VERSUS 
AMBIENT TEMPERATURE 

1-- -
MAX v1 THRESHOID 

l 
] 

TYP VIL IHR£SHOID 

TYP v1 H THRESHOID 

] 
1-- -- -~..,.----------

M'1 V1H IH~ID 

1 
] 

-55-250255075!00125 

IA - AMBIENT TEMPERATURE- 'C 

REP RATE = 500 kHz 
AMPLITUDE= -10 V 
PULSE WIDTH = 1.0 µ.s 
t,, t1 = 20 ns 

PULSE Yz 
GENERATOR 9625 

0°C 
MIN. MAX. 

2.5 

0.5 

"""'.3.0 

-9.0 

210 

LIMITS 
+25°C +75°C 

MIN. TYP. ·MAX. MIN. 

2.6 2.5 

0.5 

-3.0 

-9.0 -9.0 

210 

100 

4.8 

2.1 

-9.0 
' 

-25 

55 100 

90 150 

POWER DISSIPATION VERSUS 
AMBIENT TEMPERATURE 

MAX. 

0.5 

-3.0 

210 

10 l---+--+--+---l-+--+--+-----1 

-55 -25 0 25 50 75 IOOl25 
TA -AMBIENT TEMPERATURE· 'C 

UNITS CONDITIONS 

Volts 

Volts 

Volts 

Volts 

µA 

µA 

mA 

mA 

mA 

mA 

ns 

ns 

Yee = 4.75 V, 10 H = -60 µA 
V00 = -11 V 
Inputs at threshold voltages (V1H) 

Yee= 5.25 V, IOL = 1.52 mA 
Vee= 4.75 V, lc)L = 1.33 mA 
Inputs at threshold voltages (V1L) 

Guaranteed input high 
threshold for all inputs 

Guaranteed input low · 
threshold for all inputs 

Yee= 5.0 V, VF= -3.0 V, V00 = ·-13 V 

Yee= Yeex = 4.75 V, V00 = -13 V 
Yee= 5.25 V; V00 = -15 V, V1N = -10 V 

Yee= 5.25 V, V00 = -15 V, V1N = 0 V 

Yee= 5.5 V, V00 = -15 V 
Input open or gnd 

Yee= 8.0V, V00 = -20V, V1N = OV 

Yee= 5.0 V, V00 = -13 V 
See Figure 4 

SWITCHING TIME VERSUS 
AMBIENT TEMPERATURE 

J ;? 

160 ~l(!!~ ~+-__ -1-_-_-+---·F----+--

120 l---+-.+-----+--+---!--l---t----1 

t--==1~+-- If!!·~- --~ 
80 I- ~ lY~. d::::: 

t!'l+lYP. .I--

~l---+-.+-----+--+---!--l---t----1 

-55 -25 0 25 50 75 JOO 125 

TA - AMBIENT TEMPERATURE - 'C 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

V1N -\ f--6.0V 
Vee 

R tpd--11 ~ i--tpd + 

VouT 
VouT -\ 

f--1.5V 
I 15pF 

-

TESTS CONDITIONS · 

TA Yee Yoo R 
tpd +, tpd - (°C) (Volts) (Volts) (kn) 

25 5.0 -13 3.75 

Fig. 4 
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RTµL COMPOSITE DATA SHEET 
INDUSTRIAL MICROLOGIC® INTEGRATED CIRCUITS 

OPERATING TEMPERATURE RANGE: 0°C to +70°C (METAL PACKAGE) 

l 5°C to 55°C (EPOXY) 

GENERAL DESCRIPTION -The Fairchild Industrial Resistor-Transistor Micrologic® (RT µL) integrated circuit family consists of a number 

of medium and low power compatible integrated circuits made up by resistor-transistor logic and capable of performing logic functions 

for use in digital electronic equipment. 

The elements of this family are manufactured using the familiar Fairchild Planar"' epitaxial process by which all the individual transistors 

and resistors are diffused into a single silicon wafer, thus assuring a high degree of reliability. 

'''Planar is a patented Fairchild process. 

Some of the important features of the RTµL integrated circuit family are the following: 

• Guaranteed operation over the specified temperature range. 

• System operates with one power supply (3.6V±10%). 

• Trade-off between fan-out and temperature (permitted). 

• RTL uses positive NOR or negative NANO logic. 

• High noise immunity-300 mV. 

• Very low propagation delays - typical 12 nanoseconds for 
medium power gate and 40 nanoseconds for low power gate. 

• Power dissipation of typically 2mW per gate for the low power 
elements. 

• Low cost. 

• Medium power buffer 9900, dual two-input gate 9914 and JK 
flip-flop9923 available in epoxy for additional cost advantages. 

• Mixing medium and low power elements optimizes fan-out and 
power dissipation. 

• Application briefs, notes and thorough individual data sheets 
available. 

PHYSICAL DIMENSIONS (T0-5 TYPES) PURCHASING INFORMATION 

NOTES: All d1mens1ons in inches 
Oimension7. as per latest J-10 committee 
Leads are gold-plated kovar 
Weight 1s 1 12 grams 

T0-100 
(10 pin pac1<age) 

.~ F;;:=l; l~~ 
*=CJ1 __ 
~~500 

10 LEAD5 ,rn~~~~oo .o5o MIN . 
. 019 I MAX. I 
.016 DIA. ! 

. 230 TP 

NOTES: All dimensions in inches 
Leads are gold·plated kovar 
Lead No. 1 internally connected 

to case 
Package weight is 1.32 grams 

EPOXY PACKAGE 
(similar lo T0-5) 

r330 ~~xi 

~ ~ M~~ 
.!lO~~Ta 

Ceramic/ Jo 
3 LEADS nn n nn . MIN. 

-022 01A uu u uu __ L 
.016 . 

.200 
!=:1--.lOD 

NOTES: .All d1mens1ons in ;nches 
Leads are gold·plated nickel 

Purchasing Agent please note: 

To order part, the following 
numbering system should be 
used to expedite handling. The 
complete number will be a nine
digit number with the designa
tions as follows: 

ABCDEFGHI 

A= U for all elements 

BC= 58 for 8-pin (T0-99) pkg. 

= 5F for 10-pin (T0-100) 
pkg. 

=SA for 8-pin epoxy 

DEFG =The four-digit number 
denoting the specific 
element desired 

H = 2 for all elements 

I"'° 9 tor 0°c to 10°c for 
metal packages 

= 8 for l5°C to 55°C 
epoxy pkg. 

Note: All elements are available in a metal T0-5 type package, but not necessarily in epoxy. Consult your sales representative for details. 

FAIRCHILC 

SEMICONDUCTOR 
313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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LOADING RULES 

Industrial Resistor-Transistor Micrologic~ (RT µL} integrated cir
cuits consist of low and medium power devices. The primary 
difference between a low and a medium power element lies in 
the values of the base and collector resistors associated with 
each element. The medium power elements have base and collec
tor resistors of 450 fl and 640 fl typical, whereas the ·low power 
elements have typical base and collector resistors of 1.5 kf! and 
3.6 kf! respectively. 

As a result of these differences in resistance values, the input 
load and output drive factors (maximum input current and mini
mum output available current) are higher for the medium, and 
lower for the low power elements. 

For purposes of simplification, all input load and output drive 
factors have been normalized using as a basis the current re
quired to turn on a low-power gate transistor. As a result of this 
normalization, the input load factor of the 9 914 P.lement is 3 and 
the input load factor of the 9910 element is 1, thus, the 9914 
requires three times as much input current. For the output drive 
factors, the 9910 has an output drive factor four times less than 
that of the 9914. 

The number of elements (bases) that may be driven by an output 
terminal may consist of any combination of low and medtum 
power elements as long as the sum of all the input load factors 
does not exceed the output drive factor of the driving element. 

LOADING CHART 

LOW POWER ELEMENTS: 

l~l 8 

7 4 
1 2 3 

6 
1 3 5 

1 4 

9908 

,_.6 -,, 
2~ 

4 

9909 

l~· 1 8 7 -0.5 

1 6 -0.5 

1 3 5 

1 4 

9921 

MEDIUM POWER ELEMENTS: 

8 8 

~ 'j& 3 2 6 16 

3 3 6 80 

4 4 

9900 9903 

8 10 

~" 'ft" 3 2 16 
3 2 3 

8 
6 30-3 3 

3 3 5 16 4 7 3 
6 

3 4 5 

9914 9915 

8 

1~7 4 1 2 4 
6 

1 3 5 

1 . 4 

9910 

8 

':€F" 3 6 13 

3 3 

30 4 15 

9904 

8 

':@E'° 2 
5 6 3 

3 3 10 
5 

4 

9923 

4-17 

1~8 7 4 1 2 3 
6 

1 3 5 

1 4 

9911 

8 

'~" 9 2 16 
6 

3 3 13 
5 

4 

9905 

10 

'~" 3 2 8 3 

5 3 7 16 

3 4 6 
5 

9926 

1~8 7 3 1 2 4 
6 

1 3 5 

1 4 

9912 

8 

3~ 3 2 6 16 

3 5 

3 4 

9907 

10 

'~" 3 2 8 16 

3 3 7 16 

3 4 16 
5 6 

9927 



PARALLELING AND OTHER RULES: . 
1. All unused input pins should be grounded. 

2. On all 8-pin lead devices, Vee is connected to pin 8 and pin 4 
is grounded. On 10-pin lead devices, pins 10 and 5 are Vee 
and Ground pins respectively. 

3. For each medium power gate output terminal tied tO another 
medium power gate output terminal (and Vee open on all gates 
but one) the output drive factor should be reduced by 2 loads. 

3.75~ ..r 

3.75 

3.75 u--..... ~-~ 

3.75 n------' 

3.75 

3.75 
3 .75 n---n ~--a 

3.750-----

PARALLELING MEDIUM 
POWER ELEMENTS 

26 

4. For each low-power gate output terminal tied to another low 
power gate output terminal (and Vee open on all gates but 
one) the output drive factor should be reduced by one load. 

5. By increasing the input load requirement by 0.75 load for me
dium power and 0.33 for low power to cover any reduction in 
base-emitter impedance, any number of gates may be placed 
in parallel as shown below: 

1.33 

1.33 

1.33 v--....... --,,.. 

1.33 u---,--~ 

1.33 

1.33 

1.33 v----...:--=--~ 

1.33 0-----1 

PARALLELING LOW 
POWER ELEMENTS 

5 

• = NO Vee CONNECTED 
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9900 MEDIUM POWER BUFFER* 
The Buffer element is a low-impedance 
inverting driver circuit. Because of its 
very low source impedance the element 
can supply substantially more output 
current than the basic circuit. As a con
sequence, the Buffer element is valuable 
in driving heavily loaded circuits or mini
mizing rise-time deterioration due to ca
pacitive loading. A resistor is internally 
connected to the Buffer element input 
which may be returned to the supply 
voltage if capacitive coupling is desired. 
Typical applications of this type connec
tion are astable and monostable multivi
brators, and for the differentiation of 
pulses. 

TYPICAL APPLICATIONS 

~~DAWE 
FACTOR 80 

ONE SHOT MULTIVIBRATOR 

3.6V 

300 

6 

HIGH FAN·OUT EXTENSION 

•This element also available in the epoxy package. 

GND 

FUNCTIONS 

POSITIVE LOGIC: 
B=A 

NEGATIVE LOGIC: 
B=A 

SCHEMATIC DIAGRAM 

4 

TYPICAL RESISTOR VALUES 
R, = 450n 
R, = lOOOn 
R, = lOOn 
R. = lOOOn 

LOADING RULES 

INPUT PIN LOAD FACTOR OUTPUT PIN DRIVE FACTOR 

3 6 5 80 

Note: For more information on loading rules and for parallel combination of elements, see page 2. 

9914 

ASTABLE MULTIVIBRATOR 

MONOSTABLE CIRCUIT 
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9903 MEDIUM POWER THREE INPUT GATE 

The Gate element is a three-input re
sistor-transistor-logic circuit, one of four 
si.milar-basic NANO/NOR gates pro
duced by Fairchild. The versatility of the 
NANO/NOR function permits the gener
ation of any logic function through the 
exclusive use of gate elements. Individ
ual gate elements may be paralleled to 
increase the number of inputs to a single 
output node (subject to loading rules), 
or combined with other Micrologic® inte
grated circuits to augment their logic 
functions. 

H =HIGH 
L= LOW 

POSITIVE LOGIC: H = 1 =TRUE 
L = 0 =FALSE 

NEGATIVE LOGIC: L = 1 =TRUE 
H = 0 =FALSE 

TRUTH TABLE 

A B c D 

H H H L 
H H L L 
H L H L 
H L L L 
L H H L 
L H L L 
L L H L 
L L L H 

TYPICAL APPLICATIONS 

Vee 

x A~---a 

eo----Q--;;c>---9----..----0 
Cn---c. 

on---<r 

E 0---4---i=L,._,,rQ--.J 

GND 

FUNCTIONS 

POSITIVE D = A + B + C 
LOGIC: =ABC 

NEGATIVE D = A B C 
LOGIC: =A + B +c: 

Note: Pins 5 and 7 omitted. 

SCHEMATIC DIAGRAM 

8 

4 

TYPICAL RESISTOR VALUES 
R, = 450n 
R, = 650n 

LOADING RULES 

INPUT PIN 

1 
2 
3 

LOAD FACTORS 

3 
3 
3 

OUTPUT PIN DRIVE FACTORS 

6 16 

Note: For more information on loading rules and for parallel combination of elements, see page 2. 

Vee 
TRIGGER INPUT 

9900· 

OUTPUT 

Fo---~ V CC NOT CONNECTED 

SIX INPUT GATE 

POSITIVE LOGIC: 
A+B+C+D+E+F=A-B·C·D·E·F 
NEGATIVE LOGIC;_,_ _ 
A·B·C·D·E·F=A+B+C+D+E+F 

MONOSTABLE CIRCUIT 
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9904 MEDIUl',1 POWER HALF ADDER 
The Half-Adder element is a multipur
pose combination of three basic circuits. 
The configuration is well-suited as a 
complete half-adder, an exclusive OR 
gate, or any other similar logic construc
tion. Output No. 7 is a noninverting func
tion of the four inputs, whereas output 
No. 6 may be considered as either a 
NANO or a NOR gate. 

H =HIGH 
L= LOW 

POSITIVE LOGIC: H = 1 =TRUE 
L = 0 =FALSE 

NEGATIVE LOGIC: L = 1 =TRUE 
H = 0 =FALSE 

TRUTH TABLE 

INPUTS OUTPUTS 

1 2 3 5 7 6 
H H H H H L 
L H H H H L 
H L H H H L 
H H L H H L 
H H H L H L 
L L H H L L 
L H L H H L 
L H H L H L 
H L L H H L 
H L H L H L 
H H L L L H 
L L L H L L 
L H L L L H 
L L H L L L 
H L L L L H 
L L L L L H 

TYPICAL APPLICATIONS 

GNO 

FUNCTIONS 

POSITIVE E = C + D 
LOGIC F = (A+ B) (C + D) 

NEGATIV~ E = CD 
LOGIC: F =AB + CD 

IF C =A and D = B 
POSITIVE E = AB 

LOGIC:1 F =AB +AB 

NEGATIVE E =A+ B 
LOGIC: F = AB + CD 

SCHEMATIC DIAGRAM 
8 

2 4 

TYPICAL RESISTOR VALUES 
R, = 45012 
R, = 640n 
R, =soon 

LOADING RULES 

INPUT PIN 

1 
2 
3 
5 

LOAD FACTOR 

3 
3 
3 
3 

OUTPUT PIN 

6 
7 

DRIVE FACTORS 

16 
13 

Note: For more information on loading rules and for parallel combination of elements, see page 2. 

X1 o----<:r 
Y1n---8 

A,,__-.r 

B 

'n----n F = (A+B)·E 

J>--+--o E = C+F 

X1 o--~1...'--~ 
Yin------' 

......---..L...-/l 

c 0----1),!::-::-:::;;0---' 

GATED FLIP - FLOP 
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X20----i'r 

Y20---<r 

X2 o---..:i~'-'.~ 
y2n------' 

z 

Z IS HIGH WHEN X1 = Y1 
ANDX2=Y2 

PARALLEL COMPARISON 



9905 MEDIUM POWER HALF SHIFT REGISTER 
The Half Shift Register element is a 
gated input storage element composed 
of five basic gate circuits. Internal cross
connection of the two output gate cir
cuits provides memory. The input gating 
signal is applied to the remaining three 
gate circuits. Two of these control the 
logic inputs, while the third provides the 
complement of the gating signal at an 
output pin. Because of the two cascaded 
internal logic levels, the unit changes 
state in response to near-ground input 
signals. Consequently, from a terminal 
standpoint, the unit should be regarded 
as requiring NAND input logic levels. 
Concurrent near-ground signals at all 
three inputs will cause near-ground sig
nals at both outputs. 

H =HIGH 
L= LOW 

POSITIVE LOGIC: H = 1 =TRUE 
L = 0 =FALSE 

NEGATIVE LOGIC: L = 1 =TRUE 
H = 0 =FALSE 

TRUTH TABLE 

INPUT OUTPUT 

Ao p Bo A, B, 
H H H H L 
H H L H L 
H L H H L 
H L L H L 
L H H L H 
L H L L H 
L L H L H 

L L L L L 

• TYPICAL APPLICATIONS 

COMPLEMENTARY FLIP-FLOP 

GND 

FUNCTIONS 

POSITIVE A, = B, (Ao + P) 
LOGIC: B, =A, (Bo+ P) 

NEGATIVE A, = 8, + AoP 
LOGIC: B, =Ai+ BoP 

SCHEMATIC DIAGRAM 

TYPICAL RESISTOR VALUES 
R, = 450Q 
R, = 640Q 
R, = 800Q 

LOADING RULES 

INPUT PIN 

I 
2 
3 

LOAD FACTOR 

3 
9 
3 

OUTPUT PIN 

5 
6 
7 

DRIVE FACTOR 

13 
16 
13 

Note: For more information on loading rules and for parallel combination of elements, see page 2. 

COUNTING DECADE 

,__~~~~-+-~T--------

TRANSFER 

COUNTING DECADE WITH MEMORY 
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9907 MEDIUM POWER FOUR INPUT GATE 

The Four-Input Gate element is. a four· 
input resistor-transistor-logic circuit, one 
of four similar NANO/NOR gates pro· 
duced by Fairchild. The versatility of the 
NANO/NOR function permits the genera· 
tion of any logic-function through the ex
clusive use of four-input gate elements. 
Individual four-input gate elements may 
be paralleled to increase the number of 
inputs to a single output node (subject 
to loading rules), or combined with other 
Micrologic® integrated circuits to aug
ment their logic functions. This element 
performs the AND and exclusive OR 
function. It is also used to select one of 
two data streams under control of a sin· 
gle gate signal. 

H =HIGH 
L= LOW 

POSITIVE LOGIC: H = 1 =TRUE 
L = 0 =FALSE 

NEGATIVE LOGIC: L = 1 =TRUE 
H = 0 =FALSE 

GND 

FUNCTIONS 
------

POSITIVE E = A + B + C + D 
LOGIC: =A 8 CD 

NEGATIVE E = A B C D 
LOGIC: = A + B + C + i5 

SCHEMATIC DIAGRAM 

4 

TYPICAL RESISTOR VALUES 
R, = 450~ 
R, = 6400 

TRUTH TABLE LOADING RULES 

INPUTS 

A B c D 
H H H H 
H H H L 
H H L H 
H H L L 
H L H H 
H L H L 
H L L H 
H L L L 
L H H H 
L H H L 
L H L H 
L H L L 
L L H H 
L L H L 
L L L H 

OUTPUT 

_L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

INPUT PIN 

1 
2 
3 
5 

LOAD FACTORS 

3 
3 
3 
3 

OUTPUT PIN DRIVE FACTORS 

6 16 

L L L L H Note: For more information on loading rules and for parallel combination of elements, see page 2. 

TYPICAL APPLICATIONS 

POSITIVE LOGIC: 

An--~ 

BO--~Do--4-~r---014 

c v----.....;:-:-:71 

Do----~ 

En--~ 

F 0---<ml>'~--' 

G cr---<>..:=:":R 
Her------' V CC NOT CONNECTED 

EIGHT INPUT GATE 

A+B+C+D+E+F+G+H=ABCDEFGH 

NEGATIVE LOGIC: 
ABCDEFGH=A+B+C+D+E+F+G+Fi 
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9908 LOW POWER ADDER 

This element performs the AND and 
·exclusive OR function. It is also used 
to select one of two data streams under 
control of a single gate signal. 

H =HIGH 
L= LOW 

POSITIVE LOGIC: H = 1 =TRUE 
L = 0 =FALSE 

NEGATIVE LOGIC: L = 1 =TRUE 
H = 0 =FALSE 

TRUTH TABLE 

I, Output "6" II, Output "7" 

3 5 6 1 2 6 
L L L L L L 
L H L L L H 
H L L L H L 
H H H L H H 

H L L 
H L H 
H H L 
H H H 

7 
L 
L 
H 
L 
H 
L 
H 
L 

8 

2 

4 

FUNCTIONS 

POSII!YUOGIC: 
6 = (3 + 5) = 3·5 
7 = (1 + 2) (3 + 5) 

NEGJITIY..E LOGIC: 
6 = (3. 5) = 3 + 5 
7= 1·2+3·5 

INPUT PIN 

1 
2 
3 
5 

SCHEMATIC DIAGRAM 

8 

---1---0& 

4 

TYPICAL RESISTOR VALUES 
R, = 1.5kn 
R, = 3.6kn 

5 

LOADING RULES 

LOAD FACTOR 

1 
1 
1 
1 

OUTPUT PIN 

6 
7 

DRIVE FACTOR 

3 
4 

• For loading rule explanations see page 10. 

Note: For more information on loading rules and. for parallel combination of elements, 
see page 2. 

TYPICAL APPLICATIONS (POSITIVE LOGIC) 

4·24 

AB (CARRY) 
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This element is a low:ootpi.Jt impedance, 
two-input inverting driver. It can supply 
substantially more output current than 
the basic circuit to provide higher fan
out or cjrive capacitive loads. A resistor 
i.s connected internally to one of the in
puts which may be returned to the sup
ply voltage if capacitive coupling is 
desired. 

TYPICAL APPLICATIONS 

PARALLEL PULSE DRIVER 

9909 Low:POWER BUFFER 

8 

4 

FUNCTIONS 

POSITIVE LOGIC: 
6=2+3 

NEGATIVE LOGIC: 
6= 2·3 

6 

SCHEMATIC DIAGRAM 

4 

TYPICAL RESISTOR VALUES 
R, = l.5kn 
R, = 3.6kn 
R• = lOOn 

LOADING RULES 

INPUT PIN LOAD FACTOR OUTPUT PIN DRIVE FACTOR 

2 
3 

2 
2 

6 30 

Note: For more information on loading rules and for parallel combination of elements, see page 2. 

Vee 

ONE SHOT MULTIVIBRATOR 

OUT 

FOUR BUFFERS CONNECTED AS FREE RUNNING MULTIVIBRATOR 
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9910 LOW POWER DUAL GATE 
·• 

This element can be used on a NOR gate, 
Double Inverter RS flip-flop or as a pair 
of Inverters. It can also be used with 
the gate expander to increase its fan-in 
capacity. 

1 
L 
L 
H 

H =HIGH 
L= LOW 

POSITIVE LOGIC: H = 1 =TRUE 
L = 0 =FALSE 

NEGATIVE LOGIC: L = 1 =TRUE 
H = 0 =FALSE 

TRUTH TABLE 

OUTPUT 7 OUTPUT 6 

2 7 3 5 _§_ 
L H L L H 
H L L H L 
L L H L L 

8 

2 6 

4 

FUNCTIONS 

POSITIVE LOGIC: 
7=1+2 
6=3+5 

NEGATIVE LOGIC: 
7 = 1·2 
6 = 3·5 

SCHEMATIC DIAGRAM 

8 

4 

TYPICAL RESISTOR VALUES 
R, = l.5kn 
R, = 3.6kn 

LOADING RULES 

INPUT PIN LOAD FACTOR OUTPUT PIN DRIVE FACTOR 

1 
2 
3 
5 

1 
1 
1 
1 

6 
7 

4 
4 

H H L H H L 
Note: For more information on loading rules and for parallel combination of elements, ,see page 2. 

TYPICAL APPLICATIONS 

A A 

SIMPLE INVERTER 

MOD - 5 BINARY COUNTER 

Function: To count to a Modulo of 5 using a 1-2-4 
code, or to divide an input frequency 
by a factor of 5. 
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Vee 

R 

OUT 
SINGLE DUAL GATE AS 

FREE-RUNNING MULTIVIBRATOR 

R2 = 3k'2 
R1 S12k 

C ~ lOOpF 
~~~~~-+-couT 

SINGLE DUAL GATE USED AS 
AONE·SHOT MULTIVIBRATOR 



9911 LOW POWER DUAL GATE WITH INVERTER 

This element is a general purpose four
input gate with inverter for NOR, OR 
functions and can also be used as an 
amplifier-inverter. 

H =HIGH 
L= LOW 

POSITIVE LOGIC: H = 1 =TRUE 
L = 0 =FALSE 

NEGATIVE LOGIC: L = 1 =TRUE 
H = 0 =FALSE 

TRUTH TABLE 

1 2 3 5 6 7 

L L L L H L 
L L L H L H 
L L H L L H 
L L H H L H 
L H L L L H 
L H L H L H. 
L H H L L H 
L H H H L H 
H L L L L H 
H L L H L H 
H L H L L H 
H L H H L H 
H H L L L H 
H H L H L H 
H H H L L H 
H H H H L H 

TYPICAL APPLICATIONS 

A~B 7 A 2 & A 
3 5 

4 

CONNECTED AS INVERTER-AMPLIFIER 

8 SCHEMATIC DIAGRAM 

4 

2 

FUNCTIONS 
3 

POSITIVE LOGIC: 
7=1+2+3+5 
6=1+2+3+5 4 

NEGATIVE LOGIC: 
7 = 1·2·3·5 TYPICAL RESISTOR VALUES 

6 = 1·2·3·5 R, = l.5kn 
R, = 3.6kn 

LOADING RULES 

INPUT PIN LOAD FACTOR OUTPUT PIN DRIVE FACTOR 

1 1 6 3 
2 1 7 4 
3 1 
5 1 

Note: For more information on loading rules and for parallel combination of elements, see page 2. 

MODULO 9 BINARY COUNTER 

Function: To count to a Modulo of 9 using 1-2-4-8 code, 
or to divide an input frequency by a factor 
of 9. 
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9912 LOW POWER HALF ADDER 
This element is a multipurpose combina
tion of three basic circuits that can be 
used as a complete half adder, an exclu
sive OR gate, gated-set flip-flop or any 
other similar logic construction. 

H =HIGH 
L= LOW 

POSITIVE LOGIC: H = 1 =TRUE 
L = 0 =FALSE 

NEGATIVE LOGIC: L = 1 =TRUE 
H = 0 =FALSE 

TRUTH TABLE 

8 

2 6 

4 

FUNCTIONS 

POSITIVE LOGIC: 
7 = (1 + 2) . (3 + 5) 
6=1·2+3·5 

NEGATIVE LOGIC: 
7=1·2+3·5 
6 = (I + 2> · (3 + 3) 

SCHEMATIC DIAGRAM 

8 

31>-'VV'v-----~ 

5·<>-'llVv---------~ 

TYPICAL RESISTOR VALUES 
R, = l.5ld:2 
R, = 3.6kU 

LOADING RULES 

6 

1 2 3 5 6 7 INPUT PIN LOAD FACTOR OUTPUT PIN DRIVE FACTOR 

L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 
H H H H 

H L 
H L 
H L 
H L 
H L 
L H 
L H 
L H 
H L 
L H 
L H 
L H 
H L 
L H 
L H 
L H 

1 
2 
3 
5 

1 
1 
1 
1 

6 
7 

4 
3 

Note: For more information on loading rules and for parallel combination of elements, see page 2. 

TYPICAL APPLICATIONS (POSITIVE LOGIC) 

· EXCLUSIVE OR GATE OR HALF ADDER 

sm: SET B 

RESET 

GATED R·S FLIP·FLOP 

CONTROL~ ~ _....,._& -DATAA~ ~ 
CONTROL C ,......._;:...._.-~ (A+C) (B+C) DATA B ,,__ __ ....,... 

DATA STREAM SWITCH 
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9913 LOW POWER TYPE D FLIP FLOP 
The 9913 is a gated flip-flop very suit
able for shift registers and control cir· 
cuitry. The state of the input at pin 2 is 
stored in the element when the input at 
pin 1 changes from logical "1" to logical 
"O'.' The element can be reset only when 
pin 1 is maintained at a logical "l" dur
ing the time that pin 7 undergoes a 
change from a logical "O" to a logi· 
cal "l'.' 

2 

FUNCTIONS 

SCHEMATIC DIAGRAM 
8 

6 

4 

DIRECT INPUTS' GATED INPUT' 
t = n t=n+l 

3 
L 
L 
H 
H 

H =HIGH 
L= LOW 

POSITIVE LOGIC: H = 1 =TRUE 
L = 0 =FALSE 

NEGATIVE LOGIC: L = 1 =TRUE 
H = 0 =FALSE 

7 6 5 2 
L NC NC' H 
H L H L 
L H L 
H L L 

(1) Pin 1 must be high. 
(2) NC = No change. 

6 
H 
L 

(3) Pins 3 and 7 must be low. 

INPUT PIN LOAD 

1 
2 
3 
7 

5 
L 
H 

TYPICAL RESISTOR VALUES 
R, = 1.5kn 
R, = 3.6kn 
R. = 180!2 
Rs= 480!2 

LOADING RULES 

FACTOR OUTPUT PIN DRIVE FACTOR 

2 5 3 
1 6 3 
1 
1 

Note: For more information on loading rules and for parallel combination of elements, see page 2. 

TYPICAL APPLICATIONS 

Vee 

CP 

DATA 

GND 

SHIFT REGISTER STAGES USING TYPE D FLIP-FLOP 

~~~--
~--

GND -- --
BINARY RIPPLE CARRY COUNTER STAGES USING TYPED FLIP·FLOP 
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PARALLEL 
DATA 

PARALLEL 
DATA 

METHOD OF PARALLEL ENTRY OF DATA INTO SHIFT REGISTER 

Vee AND GROUND CONNECTIONS ARE NOT SHOWN 



9914 MEDIUM POWER DUAL TWO INPUT GATE* 
The Dual Two-Input Gate element is a 
dual combination of two-input resistor
transistor-logic circuits, one of four simi
lar basic NANO/NOR gates produced by 
F~irchild. The versatility of the NANO/ 
NOR function permits the generation of 
any logic-function through the exclusive 
use of dual two-input gate elements. In 
addition to the applications of other 
gate-type elements, the dual two-input 
gate element circuits may be cross-con
nected to form a flip-flop, or in tandem 
to form non inverting gates. 

H =HIGH 
L= LOW 

POSITIVE LOGIC: H = 1 =TRUE 
L = 0 =FALSE 

NEGATIVE LOGIC: L = 1 =TRUE 
H = 0 =FALSE 

TRUTH TABLE 

A 

B 

c 

8 

4 
GND 

FUNCTIONS 

POSITIVE LOGIC: 
F =A+ B =AB 
E = c + D =CD 
NEGATIVE .LOGIC: 
F =AB,;,. A+ 8 
E =CD= C + 0 

SCHEMATIC DIAGRAM 

8 

4 

TYPICAL RESISTOR VALUES 
R, = 450n 
R, = 640n 

LOADING RULES 

A B F INPUT PIN LOAD FACTORS OUTPUT PIN DRIVE FACTOR 

H 
H 
L 
L 

H 
L 
H 
L 

L 
L 
L 
H 

1 
2 
3 
5 

3 
3 
3 
3 

6 
7 

16 
16 

Note: For more information on loading rules and for parallel combination of elements, see page 2. 

TYPICAL APPLICATIONS 

f'OUR INPUT GATE 

POSITIVE LOGIC: 

030 

A+B+C+D=A·B·C·D 

NEGATIVE LOGIC: 
ABCD=A+B+C+D 

TWO INPUT GATE 

POSITIVE LOGIC: 
A+B=A·B 
NEGATIVE LOGIC: 
A·B=A+B 

16 

16 

*This element also available· in the epoxy package. 

) 

INPUT 

1 

L 
L 
H 
H 

PIN NUMBERS 

OUTPUT 

3 6 7 

L NC NC 
H L H 
L H L 
H NOT ALLOWED 

NC = No change. 
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D 

Ev--....... ~--::H 

Fo-----' 

. SIX INPUT GATE 

RS FLIP·FLOP B · 

S~7 13 
2 6 13 

R 3 5 
4 



9915 MEDIUM POWER DUAL THREE INPUT GATE 

The Dual Three-Input Gate element is a 
dual combination of three-input resistor· 
transistor-logic circuits, one of four simi· 
lar basic NANO/NOR gates produced by 
Fairchild. The versatility of the NANO/ 
NOR function permits the generation of 
any logic-function through the exclusive 
use of dual three-input gate elements. In 
addition to the applications of other 
gate-type elements, tlie dual three-input 
gate elem~nt circuits may be cross-con
nected to form a flip-flop with 2 set and 
2 reset inputs, or in tandem to form non
inverting gates. 

H =HIGH 
L= LOW 

POSITIVE LOGIC: H = 1 =TRUE 
L = 0 =FALSE 

NEGATIVE LOGIC: L = 1 =TRUE 
H = 0 =FALSE 

TRUTH TABLE 

A B c D 

H H H L 
H H L L 
H L H L 
H L L L 
L H H L 
L H L L 
L L H L 
L L L H 

TYPICAL APPLICATIONS 

POSITIVE LOGIC: 
A+ B + c + D + E + F =A· B·C·D·E·F 

NEGATIVE LOGIC: 
A·B·C·D·E·F=A+B+C+D+E+F 

10 

A ,...,__JY ,...:..~n:...-<'l H 

B -./""!--0:~ G 

F 

D0---9;::::::-::~~Jl"--OE 

5 
GNO 

FUNCTIONS 

POSITIVE LOGIC: 
D=A+B+C=ABC 
H = E + F+ G =EFG 
NEGATIVE LOGIC: 
D=ABC=A+B+C 
H=EFG=EFG 

INPUT PIN LOAD 

1 
2 
3 
6 
7 
8 

SCHEMATIC DIAGRAM 

10 

5 6 

TYPICAL RESISTOR VALUES 
R, = 45011 
R, = 64011 

LOADING RULES 

FACTORS OUTPUT PIN DRIVE FACTORS 

3 4 16 
3 9 16 
3 
3 
3 
3 

Note: For more information on loading rules and for parallel combination of elements, see page 2. 

so---a~"<>------~13 

s 

R!O-------' 
Rn--------' 

RS FLIP·FLOP 

on-----' 
en------' 
Fo-------' 

SIX INPUT GATE 
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9921 LOW POWER GATE EXPANDER 
This elemi<mt is a double gate without 
the node n3sistors. Its output terminals 
may be connected in parallel to those of 
the 9910 or 9911 elements to increase 
the fan-in capability of the circuit. Pin 
8 of the element must always be con· 
nected to Vee. 

TYPICAL APPLICATIONS 

1.0 

1.33 

8 

4 

FUNCTIONS 

POSITIVE LOGIC: 
7=1+2 
6=3+5 

6 

NEGATIVE LOGIC: 
7=1-2 
6=3-5 

SCHEMATIC DIAGRAM 

6 

4 

TYPICAL RESISTOR VALUES 
R, = 1.5kn 

LOADING RULES 

INPUT PIN 

1 
2 
3 
5 

LOAD FACTOR 

1 
1 
1 
1 

OUTPUT PIN 

6 
7 

DRIVE FACTORS 

-0.5 
-0.5 

Note: For more information on loading rules.and for parallel combination of elements, see page 2. 

4 1.33 3.5 
3 1.33 3.5 

1.33 

1.33 
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9923 MEDIUM POWER JK FLIP FLOP* 

The 992l Industrial Flip~Flop is a fully 
integrated, monolithic circuit. This ele
ment is designed ·for use in industrial 
shift-register arid biMary counting appli
cations. The 9923 JK Flip-Flop is com
patible with the basic Industrial Micro
logic® integrated circuit family and is 
guaranteed to operate at a frequency of 
2.0 MHz minimum over the 0°Cto 70°C 
temperature range. 

TYPICAL APPLICATIONS 

0 1 2 3 

RESET 

MODE SUPPRESSOR 

4 

FUNCTIONS 
SET CLEAR OUTPUT 
(1) (3) (7) 

t = n t = n +1 
H H X" 
H L H 
L H L 
L L X" 

H= HIGH 
L=LOW 
X IS THE OUTPUT STATE 

AT TIME n 
A HIGH ON PIN 6 WILL PRESET 
OUTPUT PIN 7 LOW 

SCHEMATIC DIAGRAM 

6 7 

TYPICAL RESISTOR VALUES 
R, = 260!1 R. = 300!1 
R, = 450!1 Rs = 700!1 
R, = 640!1 

LOADING RULES 

INPUT PIN 

1 
2 
3 

LOAD FACTOR 

3 
5 
3 

OUTPUT PIN 

5 
6 
7 

DRIVE FACTOR 

10 
3 

JlO 

Note: For more information on loading rules and for parallel combination of elements, s'el! page 2. 

TRUTH TABLE 
CT x y z 
0 L L L 
1 H L L 
2 H H L· 
3 H H H 
4 L H H 
5 L L H 

TIME DIAGRAM: 

CP 

.J 
y I 

I 

DECODING 
_l __ _L 
x z x y 
y z 
x £ 
x y 
v ~z 

_ _r 

\~--
MOD 6 SHIFT REGISTER COUNTER WITH DECODING l_ 

Z--------' 

• This element also available in the epoxy package. 
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9926 MEDIUM POWER JK FLIP FLOP 
The Fairchild JK Flip-Flop is a complete, 
general-purpose, storage element suit
able for use in shift registers, counters 
or any type of control function. 
The JK Flip-Flop differs from ordinary 
RS Flip-Flops in that no ambiguous out
put state can result from simultaneous 
one inputs. In the JK Flip-Flop simulta
neous ones on both the set and clear 
inputs cause the output state to toggle 
(reverse). This feature enhances the op
eration of the JK Flip-Flop in binary 
counters, as no external feedback con
nections are required. The toggling ac
tion can also be used to advantage for 
minimizing the logic structure of con
trol units. 
The unique input triggering circuit per· 
mits the JK Flip-Flop to respond to nega
tive clock pulse transitions as short as 1 
nanosecoil)d or as long as 100 nanosec· 
onds. 
Asynchronous preset and preclear in
puts are included for presetting cou.n
ters, inserting parallel data in registers, 
and similar applications. 
This element is guaranteed to operate 
at a frequency of 8.0 MHz minimum 
(20.0 MHz typical) over the o·c to 
70°C temperature range. 

TYPICAL APPLICATIONS 

COUNT 

-,__ 

LO=GATE 

PARALLELl 

9914 

PARALLEL2 

LEAST SIGNIFICANT STAGE 

10 

16 

3 

6 16 

3 

5 

FUNCTIONS 
SET CLEAR OUTPUT 
(2) (4) (9) 

t = n t = n +1 
H H X" 
H L H 
L H L 
L L X" 

H =HIGH 
L=LOW 
X IS THE OUTPUT STATE 

AT TIME n 

SCHEMATIC DIAGRAM 
10 
Vee 

TYPICAL RESISTOR VALUES 
R, = 3k12 R, = 90012 R, = 64012 R, = 55012 
R, = l.Ok12 R. = 70012 R. = 60012 R, = 30012 

LOADING RULES 

INPUT PIN 

1 
2 
3 
4 

LOAD FACTORS 

3 
3 
6 
3 

OUTPUT PIN 

7 
8 
9 

DRIVE FACTOR 

16 
3 

16 

Pin configurations for T0·5, Cerpak and Flatpack are identical. ,_ 

9914 

PARALLEL 4 

9914 

PARALLELS 

BINARY COUNTER AND SAMPLING CONTROL 

9914 

1·2·4·8, MOD 10, COUNT UP COUNTER (POSITIVE LOGIC) 
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9914 

PARALLEL 16 

9914 

MOST SIGNIFICANT STAGE 

l '°"""' 
l SAMPllNG 

CONTRIOL 

l 



9927 MEDIUM POWER QUAD INVERTER 

'The Quad Inverter element is a four-
input resistor-transistor-logic inverter 
circuit. This circuit is very useful where 
a complement of several signals is de
sired simultaneously. 

SCHEMATIC DIAGRAM 

FUNCTIONS 

POSITIVE AND 
NEGATIVE LOGIC: 

H=A 
G=B 
F=C 
E=D 

TYPICAL RESISTOR VALUES 

LOADING RULES 

INPUT PIN 

Note: 

1 
2 
3 
4 

LOAD FACTORS 

3 
3 
3 
3 

OUTPUT PIN DRIVE FACTOR 

6 16 
7 16 3 

8 16 3 
9 16 

3 

3 

For more information on loading rules ·and for parallel combination ot elements, see page 2. 

TYPICAL APPLICATIONS 

DELAY INTRODUCED IN EACH STAGE IS A FUNCTION OF RC TIME CONSTANT 

PULSE DELAY /$.HAPER CIRCUIT 
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R, = 450!1 
R, = 640n 

LOADING CHART 

10 

16 

16 

16 

16 

5 



.LOW POWER ELEMENTS -- PROPAGATION DELAY GUARANTEED LIMITS 

ELEMENT 

9908 

9909 

9910 

9911 

9912 

9913 

t,_,. 
t,.,_ 

ti-7+ 
t,.,_ 

t1-s-, t,_,_ 
t1-s+, ti-•+ 

tz+1-, t1-z+ 
t,_,_, t,_,_ 

ns(max) 

80 
100 

90 
70 

40 
50 

70 
90 

100 
80 

80 
120 

60min 
30min 3.lk 

Vee 1.IV 

'cc 

Vee 

r··· 
T.P. 

-:- S.6k 

J20pF 
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FD600 

GROUNO 
UNUSED 

"":"INPUT PIN 

2200 

GROUND 
UlfUSEO 

-:- INPUT PIN 

7500 

GROUND 
--: UNUSED 

INPUT PINS 

GROUND 

-= INUP~~s:~NS 

GROUND 

-:- llV ':' ~N",~5i~1NS 

20pf 

F0600 

GROUND 
_ Ufl:USEO 
- IJllPUT~NS 

INPUT ... 

.~ --rr::-.. .. -. t_\l___j_j_i --



MEDIUM POWER ELEMENTS -- PROPAGATION DELAY GUARANTEED LIMITS 

ELEMENT 

9900 

9903 

9905 

9904 

9907 

9914 

9915 

9923 

992& 

9927 

t,.,_ 
ti-6+ 

t1+1+ 

t,_,_ 

t1+7-

t1-7+ 

t2-7+ 
t,_,_ 
t2-5+ 

t,_,_ 

t•-•+ 
t,_._ 
t,_,. 
t,_,_ 

t,.,_ 
t2-8+ 

MAX. 

32 ns 
32 ns 

20 ns 
32 ns 

30 ns 
26 ns 
42 ns 
42 ns 

20 ns 
32 ns 
38 ns 
38 ns 

20 ns 
32 ns 

20 ns 
32 ns 

20 ns 
32 ns 

80 ns 
50 ns 
80 ns 
50 ns 

60 ns 
60 ns 
60 ns 
60 ns 

20 ns 
32 ns 

A 

PROPAGATION DELAY AND TOGGLE TEST CIRCUIT FOR JK 9923 OR 9926 

510 

+Vee 

6800±5% 

+Vee 

IN 

TOP VIEW 

T0·5 

SYNC 

SCOPE 

Q 

D = FD600 at temperature of 
element under test. 

Capacitance values include jig 
and probe. 

SWITCHING TIME TEST CIRCUIT: (FOR A GATE TYPE DEVICE) 

Vee 

0.5V IL 0.5V 

~~~· 
PIN 2 

tx ±Y + 

input pin 1WlJ 
PIN 4 

0.5V 0.5V 

input slope 
output pin 
output slope 

Switching time test circuit shown above is for µL 9915, but th.e 
input and output loading circuit shown is the same for Micro
logic 9900, 9903, 9904, 9905, 9907, 9914, and 9927 ele
ments. By appropriately connecting the input and 'output pins 
of the device under test (D.U.T.) in the circuit above, switch-
ing speeds could be measured in any of the said elements. 
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LOW POWER RTµL 
PLANAR* EPITAXIAL LOW POWER RESISTOR-TRANSISTOR 

MICROLOGIC ® INTEGRATED CIRCUITS 

WHAT IS LOW POWER RT µL? 

Fairchild Low Power RT µL Integrated Circuits are a set of compatible, 
integrated logic building blocks. The elements are manufactured using 
the Fairchild Planar* epitaxial process by which all the necessary tran
·sistors and resistors are diffused into a single silicon wafer. The indi· 
vidual RTL gates within the logic blocks are interconnected by metal 
over oxide. 

SPEED AND POWER 

Low Power RT µL is characterized by very low propagation delays at low 
DC power dissipation. Typical propagation delay for the basic RTL cir
cuit is 40 nanoseconds, and its power dissipation is typically 2 mW. 

ABSOLUTE MAXIMUM RATINGS (25°C Free Air Temperature) 

av Maximum voltage applied to pin 8 (continuous) 
Maximum voltage applied to any input pin ±4.0 volts 

-.65"C. to +150°C 
250mW 

Storage Temperature 
Maximum Power Dissipation · 
Maximum Voltage applied to pin 8 (Pulsed, ~ 1 second) 12 v 

AMBIENT TEMPERATURE OPERATION 

PURCHASING INFORMATION 

Purchasing Agent please note: 

To order part, t.he following 
numbering system should be 
used to expedite handling. The 
complete number will be a 
seven digit number with the 
designations as follows. 

ABCDEFG 

A = 9 for all elements. 

B = 5 for the T0-5 package. 
1 for the flat package. 

CDE = the four digit number 
denoting the specific ele· 
ment desired (i.e. the 
buffer) would be 9909. 

F = 2 for Planar epitaxial 
material. 

G = 1 for -55"C to +125"C 
operation. 

Low Power RTµL Integrated Circuits may be used in accordance with the Loading Chart below through the full military 'temperature 
range of -55"C to +125°C. Nominal Supply voltage is 3.00 Volts. The Loading Chart below is valid for Vee = 3.00 Volts ±10%. 
Improved speed and Noise Immunity will result if Vee is increased above 3.00 Volts to a maximum of 3.66 Volts at +125°C with 
maximum Vee increasing linearly to. 4.5 Volts at -55°C. 

ELEMENTS 

The 9908 Element (ADDER) performs MOD 2 Addition, the exclusive OR function, and control of 2 data streams (pins 1 and 5) by 
· tying pins 2 and 3 together to control. · 

The 9909 Element (BUFFER) is a 2 input, high fan-out, inverting gate, with internal timing resistor. 

The 9910 Element (DUAL GATE) is a dual, 2 input gate. 

The 9911 Element (GATE) is a 4 input gate with added inverter for the output to generate OR, NOR, AND, and NANO functions. 

The 9912 Element (HALF-ADDER) is a two-level AND-OR gate with added output inverter. 

The 9913 Element (TYPE D FLIP-FLOP) is a gated D-Flip-Flop with asynchronous set and reset inputs suitable for shifting and counting. 
The 9913 was previously known as an R, Register, or Full Shift Register Eelement. 

The 9921 Element (EXPANDER) is a dual 2 input gate without node resistors, to be used when increased fan-in is required. 

LOW POWER RTµL LOADING CHART valid for system operation from -55°C to +125°C (symbols shown top view) 

1~7 
.4 2 6 

l 3 

.8 
3 5 

.8 

lg· 76 4 
l 4 

1 3 5 

1 
9908 9909 9910 

l~.7 4 1 2 ;.. 6 3 

l 3 5 

l 

1~7 
3 

2 6 
l 4 

: 3 5 • 

1§7 1.8 
2 •. • 6 

1 . : • 3 

1 3 5 3 

9911 9912 9913 

* Planar is a patented Fairchild process. 

FAIRCHILCJ 

SEMICONDUCTOR 
313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 A DIVISION OF FAIRCHILD CAMERA ANO INSTRUMENT CORPORATION 
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GENERAL RULES 

The number of elements that may be driven by an output terminal may consist of any combination of elements whose summation 
of input loading does not exceed the output terminal driving capability. · 

Unused input pins should be tied to ground~ 

See expander element (9921) for paralleling. 

FIG. 1 
TYPICAL POWER DISSIPATION. l/S. Vee 

" E 

8.0 

7-
I 6.0 

"' c 
0 
z 
0: 

"' rt 
J 

ffi 4.0 

~ 
"' "' ffi 2.0 

lZ 
l-> 

< 

0 
0 2.0 4.0 6.0 

Vee - VOLTS 

FIG. 3 
TYPICAL INPUT CHARACTERISTICS 

VIN - VOLTS 
<------.-eo-v•, ---- 25oc 

I 
l------.=97~v"". ---- -ssoc 

I 
'------.-59_V..__ ___ 125'C 

8.0 

Note: This curve will apply as Yee is increased from 
3 V to 5 V with small decrease in 11N for same V 1w 

FIG. 2a 
TYPICAL SIGNAL LEVEL VS. TEMPERATURE 

1.6 

1.2 

0.8 

0.4 

0 

1.6 

1.4 

1.2 

"' ~ 1.0 
0 
> 
I 0.8 
.... 
=> 

>o 0.6 

0.4 

0.2 

0 

Vee = 3.0V 

FAN OUT= I WORST CASE MAX. LIMITS 

.... 
'" > 
'" .... 
:c 
"' ;: 

.... 
'" "' '" .... 

" g F.O. =I 
-55 -25 0 25 50 75 100 

TEMPERATURE - 'C 

FIG. 4 
TRANSFER CHARACTERISTICS 

...... ~=I 

125 

~ Vee= 3V 

F.O. ih.. IY::I\ 

¥ 
r\ 

!~re 25' C -55'C 

I~~ ~ VoN. VouT .... VIN • VcE 

TEr POjT ,..._ ::"\ :Sl TEST POINT--1 

_l 
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

V1N-VOLTS 
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FIG. 2b 
TYPICAL SIGNAL LEVEL VS. TEMPERATURE 

Vee = 4.0V 
2.4 

FAN OUT= I WORST CASE MAX .. LIMITS 

+- Ji 
rirl- +....= !!~.!'!:_ -> --- l1 ,...~ 

-1 ---:c ..... j-5! 
:c 

TY~/~~--- --- ---

2.0 

1.6 

1.2 

- t-- ---t--
J7 -,_w 

r-~ 
FAN OUT= 4 WORST CASE MAX. LIMITS 

f-~ F.J.-J:: 

~ 
ra: -1 

0.8 

0.4 

0 
-55 -25 0 25 50 75 100 125 

TEMPERATURE - 'C 

TYPICAL VoN VS. Vee 

-55°C +25°C +i2s 0 c 
Vcc=3 V .890 .. 680 .530 

Vcc=4V .940 .710 .550 

Vcc=5 V .990 .750 .575 



FIG. 5 TEST CIRCUIT FOR NOISE THRESHOLD MEASUREMENTS 

600 

500 

> 
E 
I 400 

300' 

200 

100 

0 
2.0 

4 

FIG. 6 

CLOSE FOR 
F.O. = 3 F.O. = 4 

FIG. 7 

Vee Vaor 

3 v 1.8 v 
4 v 2.0 v 
5 v 2.4 v 
6V 2.9 v 

Note that elements with specified 

fan-out = 4 have good immunity 

to worst case ground noise in a test 

circuit when used in a fan-out= 5 

configuration. 

FIG. 8 
DC NOISE THRESHOLD VS. Yee DC NOISE THRESHOLD VS. Yee DC NOISE THRESHOLD VS. Yee 

3.0 

800 

--- --- ------ --- 700 

> 600 
E 
I 
g 500 
0 
J: 
~ 400 

J: 

:: 300 

"' ~ 200 

903 OF UNITS HAVE A 100 

GREATER NOISE THRESHOLD 
0 

4.0 5.0 ~ 6.0 2.0 

Vee- VOLTS Vee - VOLTS Vee - VOLTS 

FIG. 9 FIG. 10 

"' '::; 
0 
> 
I 

~ 
0 

~ 
"' ;: 
"' "' 0 
z 

2.0 

1.5 

1.0 

0.5 

0 
0 

TYPICAL PULSED NOISE THRESHOLD TYPICAL PULSED NOISE THRESHOLD 

10 

VERSUS PULSE WIDTH VERSUS PULSE WIDTH 

J: I I 
Vcc;3,0_ 

\ ~ 
TA; 25°C 

\~~AN OUT; 1-

FAN OUT~ 1--- -
-~ 

....... 

20 30 40 50 60 

PULSE WIDTH - ns 
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FAN OUT; 4 

1----t---'l!!;tt---r-Vcc; 3.0 to 6.0 v 
TA ; -55 to 125°C 

~ 1.5 >---+-__,,.._ _ _,_ _ _,. _ __,r--___, 
0 
> 

~ 
0 
~ 1.0 r--t----t-""'l.!1:!1t'"--t--r----; 

"' J: 

'" W· 

& o.s l--+---+--+--1'~™™~ 
z 

00'----,1~0--=20=----=3~0--4~0:----=5~0-~&o 
PULSE WIDTH - ns 



FIG. 11 TEST CIRCUIT AND TABLE FOR TYPICAL t..d MEASUREMENTS 

5 STAGES 

A 

c 

Connect pin 8 to Vee 
Connect pin 4 to ground. 
Connect all unused input pins to ground 

AVERAGE PROPAGATION DELAY 

FIG. 12 
70 

60 

~ 
50 " I 

~ 
Q. 

w 

"' < 
5 
> 
< 

Yee = 3 v 
FAN OUT= I 

20 

10 
0 10 20 30 40 50 60 

LOAD CAPACITANCE - pf 

FIG. 15 
70 

60 

~ 50 

~ 
Q. 

w 40 

"' g 
> 30 < 

20 

10· 
0 10 20 30 40 50 60 

LOA0D CAPACITANCE - pf 

L SCOPE 

1 1 
AVERAGE tp~ = f ••• x TO 

R INPUT OUTPUT OTHER 
ELEMENT PIN NO. PIN NO. INPUTS NOTE" 

9908 ADDER 00 3 7 PINS 2 & 5 2 TO 1.8 V 

9909 BUFFER 220 n 3 6 1 

9910 DUAL GATE 00 1 7 2, 3, &5 2 TOGND 

9912 HALF ADDER 00 2 6 PIN 3TO 2 1.8 v 

TEST FOR 9909 ELEMENTS 
1. All "A" switches left open in tpd test for 9909 element. 
2. For curves shown, fan-out= 1 corresponds to switch "A" open; and for 

fan-out= 4, switch "A" closed. 

VERSUS CAPICITANCE 

FIG. 13 FIG. 14 
70 

60 

~ 50 
~ 

50 c 

I 
~ ~ 
Q. Q. 

w 40 w 40 

"' "' < < 
5 5 
> 30 > 
< < 30 

Yee= 3Y Vee = 4V 
FAN OUT =4 FAN OUT= 4 

20 20 

10 10 
0 10 20 30 40 50 60 0 10 20 30 40 50 60 

LOAD CAPACITANCE - pf LOAD CAPACITANCE - pf 

FIG. 16 FIG. 17 
90 90 , , ,, , 
80 

/ 

-~~,:- ---
~ 

70 ~ c 
.,,., ...... --

~ 

__ ..,. ... 
~ 

Q. Q. 

w 60 w 
0 "' g < 

5 
> > 
< 50 < 

---· V CC = 3V 

40 ' 
-Vee =4V Vee = 3V 
OUTPUT LOAD = 2200 

RESISTOR TO GND 
FAN OUT = l THRU 4 

30 50 
0 100 200 300 400 500 600 0 10 20 30 40 50 60 

LOAD CAPACITANCE - pf LOAD CAPACITANCE - pf 
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9908 LOW POWER 
RTµL ADDER 

THE LOW POWER RT µL 
ADDER PERFORMS THE 
MOD 2 ADDITION OR EX-
CLUSIVE OR FUNCTION; 
IT ALSO IS USED TO SE-
LECT ONE OF TWO DATA 
STREAMS UNDER CON-
TROL OF A SINGLE GATE 
SIGNAL 

AVERAGE POWER 

DISSIPATION (25°C) 

10 mW 

SWITCHING TIME TEST CIRCUIT 

3.6 k 

_fl_ 

_J ~ -=-
500 ns 

Test Test Note No. 

1 I, 

2 Is 
3 1, 
4 1, 
5 1. 
6 I, 
7 1, 
8 v. 
9 v, 

10 v, 
11 v, 
12 v, 
13 1, 
14 t3-7+ 

15 t3+7-

LOGIC SYMBOL AND FUNCTIONS 

POSITIVE LOGIC 

6 = (3+5) = 3•5 

7 = (1+2) (3+5) 

NEGATIVE LOGIC 

6 = (3·5) = 3+5 

7 = 1·2+3·5 

l.BV 

8 

2 

4 

8 

2 

4 

T.P. 

750 Q 

FD 600 

GROUND 
UNUSED 

7 INPUT PIN 

T EST c 0 

Pin 1 Pin 2 Pin 3 Pin 4 

GND GND V1N GND 
GND GND GND GND 

V1N Veor GND GND 
Veor V1N GND GND 

GND GND VoN GND 
VoN GND VoFF GND 

GND VoN VoFF GND 
GND GND Veor GND 
GND GND VoFF GND 
VoFF VoFF GND GND 
Vsor Vsor Voor GND 
Vsor Voor Vsor GND 
GND GND GND GND 
GND V,or Pulse in GND 
GND Vsor Pulse in GND 
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6 

6 

N D IT 

Pin 5 

GND 
V1N 

GND 
GND 
VoN 
VoFF 
VoFF 
VoFF 
Veor 
GND 
Vsor 
Vsor 
GND 
Vsor 
Vsor 

CIRCUIT DIAGRAM 

8 

6 

Typical Resistors 

R, = l.5kn 
R,=3.6kl1 

I 0 N S TEST LIMITS 

Pin 6 Pin 7 Pin 8 MIN. MAX. 

Vee .8l1N 
Vee .8l1N 
Vee liN 
Vee l1N 

V1N Vee JAl 

V1N Vee JA4 

V1N Vee JA4 

Vee Ve, 
Vee Ve, 
Vee Ve, 

V1N Vee Ve, 
VoN Vee Vour 

Vu IL 
Pulse out Vee 80 ns 
Pulse out Vee 100 ns 



9909 LOW POWER 
RTvL BUFFER 

THE LOW POWER RTµL 
BUFFER IS A LOW IMPED
ANCE INVERTING DRIVER 
CIRCUIT. THE ELEMENT 
CAN SUPPLY SUBSTAN
TIALLY MORE OUTPUT 
CURRENTTHANTHEBAS~ 

RTL CIRCUIT. A RESISTOR 
IS INTERNALLY CONNECT
ED TO THE BUFFER ELE
MENT INPUT WHICH MAY 
BE RETURNED TO THE 
SUPPLY VOLTAGE IF CA
PACITIVE COUPLING IS DE
SIRED. TYPICAL APPLICA
TIONS OF THIS TYPE CON
NECTION ARE ASTABLE 
AND MONOSTABLE MUL Tl
VIBRATORS, AND FOR THE 
DIFFERENTIATION OF 
PULSES. 

AVERAGE POWER 
DISSIPATION (25°C) 
10 mW at 50% Duty Cycle 

SWITCHING TIME TEST CIRCUIT 

Vee 

3.6 k 

2N709 

LOGIC SYMBOL AND FUNCTIONS 

POSITIVE LOGIC 8 

2 

4 

NEGATIVE LOGIC 
8 

4 

T.P. 

CIRCUIT DIAGRAM 

R2 

6 
2 

3 

R1 

Typical Resistors 

R, = 3.6kn 
R, = l.5kn 

6 R, = 10on 

2200 

f" 
240 pf 

_JL_ 

--I~ 
GROUND 
UNUSED 

-=- -=- -=- -=- INPUT PIN 
500 ns 

Test T EST c 0 NDITIONS 

No. Test Note 
Pin 1 Pin 3 Pin 4 Pin 6 Pin 2 Pin 5 Pin 7 Pin 8 

1 1, V1N Vaor GND Vee 
2 1, Vaor V1N GND Vee 
3 v. VoFF • VoFF GND V1N Vee 
4 v. VoN GND GND VoH Vee 
5 v. GND VON GND VoH Vee 
6 v. V1N GND GND VoH Vee 
7 v. GND V1N GND VoH Vee 
8 1, GND GND GND Vee 
9 t,.,_ GND Pulse in GND Pulse out Vee 
10 t,_,. GND Pulse in GND Pulse out Vee 

., 
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4 

TEST LIMITS 

MIN. MAX. 

211N 
21tN 

IAa 
VolJT 
Vour 
Vee 
Vee 

1, 
90 ns 
70 ns 



9910 LOW POWER 
RT µ.L DUAL GATE 
THE LOW POWER RTµL 
DUAL GATE MAY BE USED 
AS A PAIR OF NOR GATES, 
AS AN R-S FLIP-FLOP, AS A 
PAIR OF INVERTERS, OR AS 
A DOUBLE INVERTER. IT 
MAY ALSO BE USED WITH 
THE LOW POWER RTµL 
GATE EXPANDER TO IN-
CREASE ITS FAN-IN CA-
PACITY. 

AVERAGE POWER 
DISSIPATION (25°C) 

4mW 

SWITCHING TIME TEST CIRCUIT 

_fl_ 

~ ~-=-
500 ns 

Test 
No. Test Note 

1 1, 
2 1, 
3 I, 

4 Is 
5 1, 
6 1, 
7 v, 
8 v, 
9 v, 
10 v, 
11 v, 
12 v, 
13 v, 
14 v, 
15 ,, 
16 ti-7+ 

17 t1+1-

LOGIC SYMBOL AND FUNCTIONS 

POSITIVE LOGIC 8 

2 

7 = "i+2 
6=3+5 

4 

NEGATIVE LOGIC 8 

7 = 1•2 

6=3·5 

T.P. 

Pin 1 Pin 2 

V1N Vsor 
Vsor V1N 
GND GND 
GND GND 
VoFF VOFF 
GND Vsor 
VoN GND 

GND VoN 
GND GND 
GND GND 
GND GND 
GND GND 

V1N GND 
GND VtN 
GND GND 

Pulse in GND 
Pulse in GND 

2 

T.P. 

FD600 

GROUND 
- UNUSED 

4 

- INPUT PINS 

T EST c 0 

Pin 3 Pin 4 

GND GND 
GND GND 

V1N GND 
Vsor GND 
Vsor GND 
VoFF GND 

GND GND 
GND GND 
VoN GND 

GND GND 
VtN GND 

GND GND 
GND GND 
GND GND 
GND GND 
GND GND 
GND. GND 
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CIRCUIT DIAGRAM 

8 

6 
--06 7 

R1 R1 
~/\r--05 

1!1 R1 
2 -'\Mr---03 

Typical Resistors 

R, = 1.5 k 

6 R, = 3.6k 

N.D IT I 0 NS TEST LIMITS 

Pin 5 Pin 6 Pin 7 Pin 8 Miiii. MAX. 

GND Vee l1N 
GND Vee liN 
Vsor Vee 1,., 
V1N Vee liN 

GND V1N Vee 1,\4 IAM 

Vo,, V1N Vee 1,\4 (AM 

GND Vee Vour. 
GND Vee Vour 
GND Vee Vour 
VoN Vee Vour 

GND Vee Vee 
V1N Vee Vee 

GND Vee Ve, 
GND Vee Vee 
GND Vee ,, 
GND Pulse out Vee 40 nsec 
GND Pulse out Vee 50 nsec 



9911JL LOW POWER LOGIC SYMBOL AND FUNCTIONS CIRCUIT DIAGRAM 

HTµ.L GATE 8 7 

THE LOW POWER RTµL POSITIVE LOGIC 8 

GATE MAY BE USED AS AN 
OR GiATE BY APPLYING 
TRUE INPUTS; THE PIN 7 6 

2 6 
OUT PUT IS TH EN THE 

7 = 1+2+3+5 
TRUE: OR FUNCTION OF 
THE INPUTS, AND THE PIN 6= 1+2+3+5 

2 
R1 

6 OUTPUT IS THE INVERSE, 4 3 
OR NOIR. R1 

5 

AVERAGE'. POWER 
DISSIPi\1flON (25°C) NEGATIVE LOGIC 8 

4 

4mW Typical Resistors 

R, = l.5kn 
2 6 

R, = 3.6kl1 
7 = 1•2•3•5 

6 = 1•2•3•5 
4 

SWITCHING TIME TEST CIRCUIT 

Vee 

T.P. T.P. 

3.6k 

750!l 

FD600 FD600 

.JL 
_J ~-::-

500 ns 

GROUND 
-::- UNUSED 

INPUT PINS 

Test 
T EST c 0 ND IT I 0 NS TEST LIMITS 

Test Note No. Pin 1 Pin 2 Pin 3 Pin 4 Pin 5 Pin 6 Pin 7 Pin 8 MIN. MAX. 

1 I, V1N Vaor Veor GND Vaor Vee l1N 
2 I, Vaor V1N Veor GND Vaor Vee f1N 
3 I, Vaor Vaor V1N GND Vaor Vee f,N 
4 I, Vaor Vaor Veor GND V1N Vee f1N 
5 1·. Vo,. VoFF Vo,. GND Vo,. V1N Vee 1 .. , 
6 1, GND GND GND GND GND Vo,. V1N Vee 1 ... IAM 

7 v. VoN GND GND GND GND Vee Your 
8 "· GND VoN GND GND GND Vee Your 
9 "· GND GND VoN GND GND Vee Your 
10 "· GND GND GND GND VoN Vee Vour 
11 "'· V1N GND GND GND GND Vee Vee 
12 v. GND V1N GND GND GND Vee Vee 
13 v. GND GND V1N GND GND Vee Vee 
14 "'· GND GND GND GND V1N Vee Vee 
15 v, GND GND GND GND GND VoN Vee Vour 
16 V', GND GND GND GND GND V1N Vee Vee 
17 I, GND GND GND GND GND v,, 1, 
18 t,_,_ Pulse in GND GND GND GND Pulse out Vee 70 ns 
19 t1+1+ Pulse in GND GND GND GND Pulse out Vee 90 ns 
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9912 LOW POWER LOGIC SYMBOL AND FUNCTIONS 

RT µ.L HALF ADDER 
THE LOW POWER RTµL POSITIVE LOGIC 8 

HALF-ADDER IS A MULTI-
PURPOSE COMBINATION 
OF Tlf-4JREE BASIC RTL CIR-
CUITS. THE CONFIGURA· 7 = (1+2) (3+5) 
TION, IS WELL SUITED AS A 

6=1·2+3·5 COMPLETE HALF-ADDER, 
AN E:XCLUSIVE OR GATE, 4 

OR 1,1,NY OTHER SIMILAR 
LOGIC CONSTRUCTION. 

NEGATIVE LOGIC 8 

AVEFtAGE POWER 
DISSllPATION (25°C) 

BmW 2 

7 = 1•2+3·5 

6 = c1+2> c3+5> 
4 

SWITC:HING TIME TEST CIRCUIT 

T.P. 
3.6 k 

__fl_ 

~~ 
500 ns 

Test Test Notes No.: Pin 1 
-

1 1, V1N 
2 1, Veor 
3 1, GND 
4 Is GND 
5 I, VoN 
6 I, GND 
7 1. GND 
8 v. Veor 
9 v. Veor 

I 
10 v, VoFF 
11 v, Veor 
12 1, GND 
13 T, •• _ Pulse in 
14 Ti-•+ Pulse in 

.____ 

Pin 2 

Veor 
V1N 

GND 
GND 
GND 
VoN 

GND 
Veor 
Veor 
Vo,, 
Veor 
GND 
GND 
GND 

T.P. 

FD600 

GROUND 
UNUSED -= INPUT PINS 

T E S T c 0 

Pin 3 Pin 4 

GND GND 
GND GND 

V1N GND 
Veor GND 
VON GND 

GND GND 
GND GND 
Veor GND 
Veor GND 
Veor GND 
VoFF GND 

GND GND 
GND GND 
GND GND 

4-46 

N 

CIRCUIT DIAGRAM 

8 

6 7 

6 

2 

4 
3 
5 

R1 

Typical Resistors 
6 R, = l.5k!1 

R, = 3.6k!1 

DI T I 0 NS TEST LIMITS 

Pin 5 Pin 6 Pin 7 Pin 8 Min. MAX. 

GND Vee l1N 
GND Vee l1N 
Veor Vee l,N 
V1N Vee 1,;. 

GND V1N Vee 'IAJ 
VoN V1N Vee IAJ 

GND V1N Vee IA4 
Veor VoN Vee Vour 
Veor V1N Vee Ve, 
Veor Vee Ve, 
VoFF Vee Ve, 
GND v,, 1, 
Veor Pulse out Vee 100 ns 
Veor Pulse out Vee 80 ns 



9913 LOW POWER LOGIC SYMBOL AND FUNCTIONS 

RTµL TYPE ·o 
FLIP-FLOP 8 DIRECT INPUTSl1l 

THE LOW POWER RTµL 3 7 6 5 

TYPE D FLIP-FLOP IS A L L NC NC''' 
COMPLETE, GENERAL PUR- 2 6 L H L H 
POSE STORAGE ELEMENT. 

H L H L THE STATE OF INPUT 2 IS 
STORED WHEN .INPUT ~ H H L L 

CHANGES FROM HIGH TO 4 

LOW. A SUBSEQUENT 
CHANGE OF INPUT 2 WHILE 
INPUT 1 IS LOW HAS NO 
EFFECT. THE 9913 FLIP- CIRCUIT DIAGRAM 

FLOP HAS APPLICATION IN 
SHIFT REGISTERS, COUNT- Rz 

ERS, AND CONTROL CIR· •1 Rs 

CUITRY. 

AVERAGE POWER 

DISSIPATION (25°C) 
R1 •1 Rs 

12mW 

Typical Resistors R, = l.5kn R, = 180n 
R, = 3.6kr! R, = 480!1 

Test T EST c 0 N D I T I 0 NS 
Test Note No. Pin 1 Pin 2 Pin~ Pin 4 Pin 5 Pin 6 

1 v, Veor GND VoN GND 
2 v. Veor GND Vaor GND 
3 v, Vsor GND GND GND VoN 
4 v, Veor GND GND GND VoN 
5 v, Veor GND V1N GND 
6 v. Veor GND Vaor GND 
7 v, Veor GND GND GND V1N 
8 v. Veor GND GND GND VIN 
9 1, VtN GND GND GND 
10 1, V1N Vsor GND GND 
11 I, VoN Vaor Vo., GND V1N 
12 1, VON GND Vsor GND V1N 
13 Is 1 VoFF GND VoFF GND V1N 
14 1, 1 VoFF VoN Vaor GND V1N 
15 1, 1 Vo., V1N GND GND 
16 1, 1 Vo" Vaor VtN GND 
17 1, 1 Vo., GND GND GND 
18 v, 1 VoFF VoN GND GND 
19 v. 1 Vo" Vo., Vaor GND 
20 I, GND GND GND GND 
21 t,_,_ Pulse Tie to GND GND Pulse 

In Pin 5 Out 
22 t1c6+ Pulse Tie to GND GND Pulse 

In Pin 5 Out 
23 t1.5c Pulse Tie to GND GND Pulse 

In Pin 5 Out 
24 t1-s+ Pulse Tie to GND GND Pulse 

In Pin 5 Out 
25 tz+I- Pulse 1 Pulse 2 GND GND Pulse 

In In Out 
26 t,_,_ Pulse 1 Pulse 2 GND GND Pulse 

In In Out 
27 t,_,_ Pulse 1 Pulse 2 GND GND Pulse 

In In Out 
28 t1-2+ Pulse 1 Pulse 2 GND GND Pulse 

In In Out 

Note 1: Voltage applied to Pin 1 changes from v,, to specified value prior to making measurements. 
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GATED INPUT"' 

t=n t=n+l 

2 6 5 

H H L 

L L H 

1. Pin 1 must be high 
2. NC= no change 
3. Pins 3 and 7 must be low 

R1 

TEST 

Pin 7 Pin 8 MIN. 

Vaor Vee 
VoN Vee 

GND Vee 
GND Vee 
Vaor Vee 
V1N Vee 

GND Vee 
GND Vee 
GND Vee 
GND Vee 
Vaor Vee IA1 
VoFF Vee IA1 
Vaor Vee IA1 
Vo., Vee IA1 
GND Vee 
GND Vee 

V1N Vee 
Vaor Vee 
GND Vee 
GND v,, 
GND Vee 

GND Vee 

GND Vee 

GND Vee 

GND Vee 60 ns 

GND Vee 30 ns 

GND Vee 60 ns 

GND Vee 30 ns 

l 
LIMI TS 

MAX. 

l 
1 

Your 
Your 
Your 
Your 
Vee 
Vee 
Vee 
Vee 
.8 l1N 
.8 l1N 

80 

121! ) ns 

80 ns 

12il ) ns 



CIRCUIT FOR MEASURING T,_ • ., Ti-•-• Ti-•+• T,_,_ 

Vee 

T.P. T.P. 
3.6k 

lJ r· FD600 

~ l- GROUND 

-=- -=- -=- -=- UNUSED 
500 ns T.P. INPUT PINS 

CIRCUIT FOR MEASURING MINIMUM INPUT PULSE WIDTH 

3.6k T.P. T.P. 

51 Q 

I 20pF 

51 Q 

20pF 

VARIABLE DELAY BETWEEN PULSE 1 AND PULSE 2 

CONNECTED AS BINARY COUNTER 

Vee 

J1.n 
PULSE IN T.P. 

UNUSED 
INPUT 
PINS 
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PROPAGATION DELAY 

PIN 5 
..-~--tl-5-

.5V 

MINIMUM PULSE WIDTH 

TYPICAL OPERATING CLOCK PULSE 
FREQUENCY VERSUS Vee 

~ 

~ 4.0 >----<f---+--+--+---+---i 
u 
0 

u 2.0 >----<--+----+--+---+---< 

OUTPUT PIN 6 

CP INPUT PIN I 

o~~-~-~-~-~-~ 
0 1.0 2.0 3.0 4.0 5.0 6.0 

> 
"' -..._ 
> 

"' 

Vee - VOLTS 

JOO ns/div. 



9921 LOW POWER 
RTi;L GATE 
EXPANDER 

THE LOW POWER RTµL 
GATE EXPANDER IS A DOU
BLE GATE WITHOUT THE 
NODE RESISTORS. ITS OUT
PUT TERMINALS MAY BE 
CONNECTED IN PARALLEL 
TO THOSE OF A DUAL GATE 
OR A GATE TO INCREASE 
THE FAN-IN CAPABILITY OF 
THE CIRCUITS. 
WHEN A DUAL GATE OR A 
GATE IS USED WITH THE 
EXPANDER, THE FOLLOW
ING RULES APPLY. 

1) Pin 8 of the Expand
er must be connected 
to Vee 
2) The input load fac
tor of the expanded 
gate is 1.33 
3) The output drive 
factor of the expanded 
gate is decreased by 
.5 load for every node 
added. 

AVERAGE POWER 
DISSIPATION (25°C) 

No Power Flowing 

Test Test Notes No. 

1 1, 
2 1, 
3 1, 
4 Is 
5 v, 
6 v, 
7 v, 
8 v, 
9 v, 

10 v, 
11 v, 
12 v, 
13 I, 
14 1, 
15 1,, 7, 8 

CIRCUIT DIAGRAM 

7 

20--1\N~-----' 

4 

6 

R1 
'-----~M--03 

DIAGRAM FOR USE OF GATE EXPANDER 

'cc 

Example of loading rules and logic symbols 

T .EST c 0 N D IT I 0 NS 

Pin 1 Pin 2 Pin 3 Pin 4 Pin 5 Pin 6 Pin 7 

V1N Vsor GND GND GND VRH 
Vsor V1N GND GND GND VRH 

GND GND V1N GND Vaor VRH 
GND GND Vsor GND V1N VRH 
VoN GND GND GND GND VRL 

GND VoN GND GND GND v., 
GND GND VoN GND GND v., 
GND GND GND GND VoN v., 
GND GND V1N GND GND VRL 
GND GND GND GND V1N v., 
'V1N GND GND GND GND v., 
GND V1N GND GND GND v., 
VoFF VOFF GND GND GND V1N 

GND GND VoFF GND VoFF V1N 
GND GND GND GND GND Vee Vee 
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Typical Resistor 
I 

R, = 1.5kn 

TEST LIMITS 

Pin 8 MIN. MAX. 

Vee l1N 
Vee liN 
Vee l1N 
Vee l1N 
Vee Your 
Vee Your 
Vee Your 
Vee Your 
Vee Vee 
Vee Vee 
Vee Vee 
Vee Vee 
Vee leex 
Vee leex 
Vee " 



9926 JK FLIP-FLOP ELEMENT 
TEMPERATURE RANGES-55°C TO +125°C (FULL RANGE) 

0°c TO +100°C (MID RANGE) 

FAIRCHILD PLANAR* EPITAXIAL MICROLOGIC®INTEGRATED CIRCUITS 

JK FLIP-FLOP DESCRIPTION 

The Fairchild JK Flip-Flop is a complete, general purpose, storage element suitable for use in 

shift registers, counters or any type of control function. 

The JK Flip-Flop differs from ordinary RS Flip-Flops in that no ambiguous output state can result 

from simultaneous one inputs. In this JK Flip-Flop simultaneous lows on both the set and clear 

inputs cause the output state to toggle (reverse). This feature enhances the operation of the 

JK Flip-Flop in binary counters, as no externalfeedbackconnections are required. The toggling 

action can also be used to advantage for minimizing the logic structure of control units. 

The unique input triggering circuit permits the JK Flip-Flop to respond to negative clock pulse 

transition as short as 1 nanosecond or as long as 100 nanoseconds. 

Asynchronous preset and preclear inputs are included for presetting counters, inserting parallel 

data in registers, and similar applications. 

POWER DISSIPATION {25°C) TYPICAL 56 mW 

ABSOLUTE MAXIMUM RATINGS (25°C Ambient Temperature) 

Maximum Voltage applied to pin 8 +12.0 Volts 

Maximum Voltage applied to any input pin 

Storage Temperature 

Power Dissipation 

OPERATING VOLTAGE RANGE 

Collector Supply Voltage (V CC) 

LOGIC SYMBOL AND LOAD FACTORS 

PRECLEAR PRESET 
5 
1 

2 5 
1 

TOP VIEW 

SET(J) 
(2) 

H 

H 

L 

L 

±4.0 Volts 

-65°C to +150°C 

500 mW 

3.0 Volts ±10% 

CLEAR(K) 
(4) 

t=n 

H 

L 

H 

L 

H is more positive than L. 

X is the output state at ti me n. 

OUTPUT 
(9) 

t=n+l 

X" 

H 

L 

X" 

313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 

4-56 

PHYSICAL DIMENSIONS 
(In accordance with JEDEC T0-100) 

NOTES: All dimensions in_ inches 
Leads are gold-p,lated Kovar 
Package weight is 1.32 grams 

CERPAK - FLAT PACKAGE 
TOP VIEW 

-~-
oJ35 I 
0060 g~g -

NOTE: I. Alternate marking of dot m upper left 
hand corner 1s also acceptable. 

" Planar is a patented Fairchild process. 

FAIRCHILCJ 

SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 



FAIRCHILD MICROLOGIC® l.C. 9926 JK FLIP-FLOP 

JK Fll P-FLOP SCHEMATIC DIAGRAM 

TYPICAL RESISTOR 
VALUES 

R1 =3KQ R5 = 6400 

R2 =lKO R6 = 6000 

R, = 9000 R7 = 5500 

R4 = 7000 R, = 3000 

Pin configuration for T0-100, 

cerpak and flatpack are identical . 

SWITCHING CHARACTERISTICS (-55°C to +125°C, Vee= 3V) 

Symbol Characteristic 

TOGGLING MODE (See Fig. A) 

SWITCHING MODE (See Fig. B) 

t3-

Clock Frequency 

Clock Pulse Duty Cycle at 8 MHz 

Capacitive Load Per Output 

t3_9_ or t3 _7_ Lightly Loaded 

Heavily Loaded 

Heavily Loaded (25°C) 

t2+3- or t4+3-

t2-3- or t4-3-

t3-2- or t3-4-

t3-2+ or t3-4+ 

tl or 8 +, output -

tl or 8 +, output+ 

Lightly Loaded 

Heavily Loaded 

Heavily Loaded (25°C) 

(Setup Time) 

(Setup Time 

(Release Time) 

(Release Time) 

Heavily Loaded 

Heavily Loaded 

5 GND~ 

(Note 4) 

(Note 1) 

(Note 2) 

(Note 2) 

(Note 5) 

(Note 5) 

(Note 3) 

10 
Vee 

Minimum 

8MHz 

25% 

1 ns 

25 ns 

25 ns 

ep 3 

Typical 

20 

40 ns 

45 ns 

35 ns 

60 ns 

20 ns 

5 ns 

-5 ns 

-15 ns 

40 ns 

30 ns 

NOTES: FIG. A TOGGLE MODE TEST CIRCUIT 

(1) Subscripts Denote Respectively: Input Pin, Input Slope, Output Pin, output 
Slope. 

(2) This test is made on all acceptance lots to 4% combined AQL. 

(3) IT preset or preclear input is high and steering is opposite to preset or 
preclear, on negative going CP Trigger, the low output will be pulsed high 
for up to 80 nsec. 

(4) Large capacitive loading may limit time of response of output to which capa
citance is applied, however, the Flip-Flop will regenerate with any loading. 

(5) Release time is defined as the time that the J and K inputs must be main
tained after the negative CP-transition. Negative release time means the in
puts can change momentarily ~the CP transition. 

SMHz 

.Jl_fl_ 
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Maximum 

75% 

Unlimited 

200 ns 

50 ns 

90 ns 

60 ns 

50 ns 

90 ns 

60 ns 

50 ns 

30 ns 

+5 ns 

0 ns 

90 ns 

70 ns 

SENSE 
4MHz 



FAIRCHILD MICROLOGIC® l.C. 9926 JK FLIP-FLOP 

FIG. B SWITCHING MODE TEST CIRCUIT 

Y;n CP 

f = lMHz 
@ 50% DUTY CYCLE 

YJK INPUT 

YJKINPUT 

VouTPUT 

YouTPUT 

PULSED, HIGH OR LOW 

AS APPROPRIATE 

!rt RELEASE 
VPRESET 

OR 
PRE CLEAR 

t pd-

.f=tpd+ 

DC ACCEPTANCE TEST LIMITS FOR FULL-RANGE AND MID-RANGE ELEMENTS 

FULL RANGE 
Symbol Test Tolerance -55°C ± 2°c 25°C±2°C +125°C±2°C 

Vee ± .010 v 3.00 v 3.00 v 3.00 v 

VIN ± .002 v 1.014 v .844 v .674 v 

VON ± .002 v 1.014 v . 815 v .674 v 

VOD = VBOT ± .010 v 1.50 v 1.50 v 1.50 v 

VOFF ± .002 v .710 v .565 v .320 v 

VOUT .710 v .300 v .320 v 

VSAT .200 v .210 v .280 v 

IIN .495 mA .435 mA .470 mA 

2IIN .990 mA .870 mA .940 mA 

IA 2.47 mA 2.54 mA 2.35 mA 
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LIGHTLY LOADED, 
EACH OUTPUT. 

15pF 

HEAVILY LOADED, 
EACH OUTPUT. 

t:rl90Q 

r13' 
D = FD600 at temperature of ele

ment under test. 
Capacitance values include jig and 
probe. 

tpd- 1 
tpd+ 

ON ASYNCHRONOUS 
INPUTS 

MIDRANGE 
0°C ±2°C 25°C±2°C ioo 0 c ±2°C 

3.00 v 3.00 v 3.00 v 
.909 v .844 v .710 v 
.909 v . .844 v .710V 

1.50 v 1.50 v 1.50 v 
.574 v .554 v .370 v 
.574 v .400 v .370 v 
.290 v .260 v .340 v 
.504 mA .450 mA .450 mA 

1.01 mA .900 mA .900 mA 

2.52 mA 2.38 mA 2.25 mA 



FAIRCHILD MICROLOGIC®l.C.' 9926 JK FLIP-FLOP 

DC ACCEPTANCE TEST CONDITIONS FOR FULL-RANGE AND MID-RANGE ELEMENTS 

Test Test Test Limits 
No. Title Units Pin 1 Pin 2 Pin 3 Pin 4 Pin 5 Pin 6 Pin 7 Pin 8 Pin 9 Pin 10 Min. Typ. Max. 

* 1 Il mA VIN GND vee IIN 
2 I2 mA VIN GND VBOT vee IIN 

"3 I3 mA VBOT VIN VBOT GND vee 2IIN 
4 I4 mA VBOT VIN GND vee IIN 
5 Ia mA GND VIN vee IIN 

* 6 Ig mA VON GND VBOT VON vee IA 
7 I7 mA VBOT GND VON VON vee IA 

*s V7 v VON GND VOFF vee VSAT 
9 V9 v VOFF GND VON vee VSAT 

10 V7 v VON L_ VOFF GND HI vee VSAT 
11 V9 v HI VOFF L_ VON GND vee VSAT 
12 V9 v VON L_ VON GND HI Vee VSAT 
13 V7 v VOFF L_ VOFF GND HI vee VSAT 
14 V9 v HI VOFF ~ VOFF GND vee VSAT 
15 V7 v HI VON """'L. VON GND vee VSAT 

__'_ 

HI = A momentary application of V BOT before the arrival of the negative going clock pulse. 

NOTES: 

(A) Purchasing information and Fairchild Assured Customer Test Programs are identical to latest issue Epitaxial µLogic Tentative Specifications. 

(B) JK926 is available in a T0-100 header with preclear removed and pin connections same as µL916; designated 974. 

*FACT program end-point measurement parameter. 

FAIR.CHILD ASSURED COMPONENT TEST PROGRAM 

Test No. 25°C 

1 2a 

2 2a 

3 2a 

4 2a 

5 2a 

6 2b 

7 2b 

8 2c 

9 2c 

10 4 

11 

12 

13 

14 

15 

4 

4 

4 

4 

4 

-55 - +125°C o - +ioo 0 c 

3a 3a 

3a 3a 

3a 3a 

3a 3a 

3a 3a 

3b 3b 

3b 3b 

3c 3c 

3c 3c 

For definitions refer to 

the latest FACT brochure. 

OPERATING LIFE CIRCUIT 

µL9900 µL9926 µL9926 µL9926 

eP 

2 11 
Vee = 3.ov 
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FAIRCHILD MICROLOGIC®l.C. 9926 JK FLIP-FLOP 

APPLICATIONS 

BINARY COUNTER AND SAMPLING CONTROL 

COUNT 

L_ 
} COUNTER 

PARALLEL 2 PARALLEL 4 PARALLEL 8 PARALLEL 16 

LEAST SIGNIFICANT STAGE MOST SIGNIFICANT STAGE 

MODULO 4 COUNTER 

(3) 

µL9926 µL9926 µL9914 µL9914 

~~~ 
A ~B 

:~: 
A ~B 

(1) 

() INDICATES REMAINING FAN OUT NEGATIVE LOGIC DECODE 

1 - 2 - 4 - 8 MODULO 10, COUNT UP COUNTER (POSITIVE LOGIC) 

11L9926 11L9926 11L9926 

CLOCK 

RESET 

jlL9914 

MODULO 6 RIPPLE CARRY 

CODE 
µL9926 µL9926 JlL9927 I 4 A B c 

0 0 1 0 
CLOCK 1 1 1 0 

2 0 0 1 

3 1 0 1 

4 0 1 1 

5 1 1 1 
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FAIRCHILD MICROLOGIC®l.C. 9926 JK FLIP-FLOP 

APPLICATIONS 
MODULO lO·MINIMUM HARDWARE OUTPUT WAVEFORMS 

0123456789 

ALfl..JLJLilJl 
CLOCK 

PRESET 

B~ 

c~ 

DI I 
MODULO 15 COUNTER (3x5) 

MODULO 3 

E 

BINARY COUNTER, DIRECT READOUT 

CODE 

A B 

0 0 0 CLOCK 

µL9926 

1 1 0 "'"D---o:.~.JJ 
2 0 1 

MODULO 5 

µL9926 

11L9926 µL9926 µL9926 

INPUT 

2N2368 I NC AND RR COIL, HV :5 30VDC 
2Nl990 NEON AND NIXIE®, HV :51 lOVDC 

NIXIE® - REGISTERED TRADE MARK BURROUGHS CORPORATION. 

PURCHASING INFORMATION 

µL9926 

To order the 926, the following part numbers should be used to expedite handling. 

UA99262BX 

A is package designator 

A =3Ffor 1Ji x 1,4 Cerpak 

A =5ffor Low Profile T0-5 

FAIRCHILCJ 

SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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B is operating temperature range designator 

B=l 

8=2 

-55°c to +12s 0 c 

o·c to +ioo·c 
s = g o·c to +10°c 

CODE 

c D 

0 1 0 

1 1 1 

2 1 1 

3 0 1 

4 0 0 

E 

0 

0 

1 

1 

1 



1-1L927 QUAD INVERTER 
INDUSTRIAL RTL MICROLOGIC® INTEGRATED CIRCUITS 

GENERAL DESCRIPTION - The Industrial RTL Microcircuit line, is a family of 

medium power and low power integrated building blocks. These elements are designed 

for a wide variety of commercial industrial equipment operating over a temperature 

range of +15°C to +55°C. By combining medium power and low power Micrologic® 

integrated circuits, high fan-out (>16), low power dissipation (<mW/Node ), high 

speed (10 ns), and high noise immunity are possible. The loading chart shown below is 

guaranteed over the temperature range by a worst case specification. 

OPERATING VOLTAGE RANGE 

V CC - Collector Supply Voltage = 3.6 V ± 10% 

PHYSICAL DIMENSIONS 

.370 .335Al--i .335 

'iio~' 185 
MAX. :165 

Seating L _LJ_ 
~--r ----. r 

10 LEADS~ n41 I 
:~~:DIA. m~~~~[ID M~Q~ MIN. 

NOISE IMMUNITY Typical 

300 mV 

Worst Case 

100 mV NOTES: Al! dimensions in inches 

POWER DISSIPATION at 25°C, VCC == 3.6V = 20 mW/Node. 

QUAD INVERTER 

Vee 

~ 
D © E 

Gnd 
(TOP VIEW) 

POSITIVE 
AND 

NEGATIVE 
LOGIC 

H A 
G B 
F C 
E D 

TYPICAL TRANSFER CHARACTERISTICS 

2.0 

' M£hlUMI PCl'lllR 

~ 
DEVICES 

·1 
1 

t:l 1.2 

~ 
~ g 0.8 

0.4 0.8 1.2 1,6 2.0 

VIN INPUT VOLTAGE - VOLTS 

~ote: 

LOADING CHART 
[Note 1] 

O---jJ.~:0...,:~---016 

·9----11>o---Q--U 16 

3r...~J-...~-t:>o-~....._~J"'l16 

3 16 

LO 

~ 0.8 

~ 0.6 

~ 

~ 0.4 

0.2 

1 
lW.OIUM PCWER 

DEVICES 

[ 

t 
T 

1-
0.4 0.8 1.2 1.6 

VIN - INPUT VOLTAGE - VOLTS 

2.0 

Leads are gold-plated Ko~ar 
Package weight is 1.02 grBms 

JtL927 SCHEMATIC 

Typical Resistors 

R, = 450!1 
R, = 650!1 

~ 4.01---t--P..+"l--J-+-,+-1-1--,-t--+---l 
b,_ MflllUM PCl'llER 

I---+--+--+----"- . DEVICES ·-t-+-
5; ~ 
~ 3,0 """"""1 

B ~ 
~ ~ 
~ 2.0 

i-7---+--+--+---t-r--+---t------t"---t--i 

_< 1.0 >---+--+--+--i-+--+--+--+--i---t 

o~~~~~-~~~~~~ 
0 0.4 0.8 1.2 1.6 2.0 

VIN INPUT VOUAG£ - VOLTS 

'1) Valid for system operation over a temperature range of +15'C to +55'C, and VCC = 3.6 V ±10%. This chart gives loading rules for intermixing of medium power and 
low power Micrologic® integrated circuits in a system. 

EAIRCHILCJ 

SEMICONDUCTOR 
313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910·379-6435 A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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INDUSTRIAL RTL M'CROLOGIC~INTE(;RATED CIRCUITS• ~L927 QUAD INVERTER 

DESIGN INFORMATION 

T _PERIOD 
pd-2XS 11L927 = 10 nsec 

AVERAGE PROPAGATION DELAY 

(Operating ring with 5 elements, at 25° C) 

TYPICAL APP'LICATIONS - NEGATIVE TRUE LOGIC 

Vee CONNECTED 

!IL927 FO = 14 

en---r 
co-~~ 

D o--~·~-.p---o E 

l'L907 

J'L907 

SUGGESTED INPUT 

PARALLELING CONFIGURATION 

·1NPUT _fl__ 

OUTPUT 1 =::fiCI:=:.. 
OUTPUT 2 --i_J 

Z·Y·X~.W. ®· Z·Y·X•W l . 0 

ow . . 
. . 

J'L927 

Vee 

c 

!11-927 

INPUT 

OUTPUT~ 

SINGLE SHOT 
(Input longer than T C) 

R TC= RC 

R 

TC= RC 

OUTPUT 2 

JlL914 

SINGLE SHOT 
(Input narrower than TC) 

J'L927 
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11L927 

fJL907 

L+M+N+P 
(NEGATIVE 

TRUE LOGIC) 

L•M•N•P 
(POSITIVE 

TRUE LOGIC) 



CTµL9952 
DUAL 2-INPUT NOR GATE 

COMPLEMENTARY TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 
+15°C TO +55°C TEMPERATURE RANGE 

GENERAL DESCRIPTION-The CTµL 9952 Dual 2-lnput Inverter Gate provides logic gating at its input 
and output terminals_ Compatible with all other CT µL elements, the output can be tied to any other 
element to perform the wired OR function. 

The 9952 may be used to set and restore the system logic levels; having a high noise immunity, it 
can drive and be driven by a number of cascaded CT µL AND-OR gates. The following data, stressing 
worst case conditions, plus 100% testing by Fairchild Semiconductor, will assur.e the designer of 
proper worst case performance in his own system. 

The CTµL 9952 is designed for general purpose industrial and commercial usage where high speed 
logic is required. It is packaged in the versatile Dual-In-Line" package, which is a hermetically sealed 
ceramic package intended for low-cost insertion techniques. 

FEATURES 

• POWER SUPPLIES ARE +4.5 V ±10% AND -2.0 V ± 10% 

• HIGH FAN-OUT CAPABILITY - 12 

• TEMPERATURE RANGE - + l5°C TO +ss·c 

• OPTIONAL PULLDOWN 1.0 k RESISTOR FOR OPTIMUM SPEED 

• LOW POWER DISSIPATION 

• LOW PROPAGATION DELAY - 7.0 ns TYPICAL 

• LOGIC SWING OF 3.0 V 

• HIGH NOISE IMMUNITY > 1.0 V AT FAN-OUT= 12 

PURCHASING INFORMATION 

Use the ten-letter code U6A995279X for ordering purposes. 

All units are marked CT µL-995279 and date code unless otherwise specified. 

*Fairchild Patent Pending 

313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 
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* TYPICAL DUAL IN-LINE PACKAGE 
in accord with J.EDEC (T0-116) outline 

l.Le11:dsare1ntended for insertion inholerowsnn .JOO" centers. They are 
purposelysht_ppedw<lh''pos1tive"!.350)m;sallgnmenttofac1litateinsertion 

2.Board·dr1!hngdimensionsshouldequa1yourpract1ceforaconventional.020 
inchd;ameterle&d 

CONNECTION DIAGRAM 

GND 5 

TOP VIEW 

14 PULL DOWN 
RESISTOR 

=-~cLJ"'""'-!--t::ll3 

12 Vee 

POSITIVE LOGIC F ~ A+B 
G~c+o 

NOTE, X ~NOT CONNECTED 

lO 

FAIRCHILCJ 

SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 



CT&JL-9952 COMPLEMENTARY TRANS.1$JOR MICROLOGIC® IC 

SCHEMATIC DIAGRAM 
12 Vee = 4.sv ±10% 

INPUT 

11 
VEE =-2.0V :!:10% .. 

NOTE: Only one 2-input inverter gate shown. 

ABSOLUTE MAXIMUM RATINGS 

(above which the useful life may be impaired) 

Maximum Current in or out of a pin 

Maximum Chip Temperature 

Maximum Power Dissipation 

Maximum Voltage Applied to any Input Pin 

Maximum Negative Voltage Applied to any Input Pin 

Maximum Voltage Applied to Output Pin 

DC TESTS 

lOOmA 

+150°C 

1.0 Watt 

10 Volts 

-4.0Volts 

6.0 Volts 

LIMITS CONDITIONS 
TEST (atTA = 25°C) LOAD TO 

MIN. TYP. MAX.!ll UNITS Vee Vee Vee COMMENTS 

Output ONE Level 2.35 2.50 Volts 4.05V -2.20V F.0.1' 1 =12 Inputs to +0.8 V sequentially. Guarantees 
input low threshold >0.80 V; and output 
ONE level >2.35 V. 

Output ZERO Level -0.50 -0.36 Volt 4.95V -l.80V F.O. = 1 Inputs to 1.25 V sequentially. Guarantees 
input high threshold <l.25 V; output 
ZERO level < -0.36 V. 

Output ONE Level 2.75 2.90 Volts 4.95V -l.80V F.O. = 1 Inputs to -0.70 V simultaneously. Guaran· 
tees output never more positive than 2.90 V. 

Input Current 4.20 5.30 6.86 mA 4.05V -l.80V No load Inputs to 3.5 V simultaneously. Guarantees 
input loading <1.5 AND gate loads. 

Output Resistor 1.6 k 2.0 k 2.4 k Ohms 4.05V -2.20V No load Inputs to -0.7 V simultaneously. (Outputs 
to 3.5 V sequentially.) Guarantees output 
OR tie <l.O AND-OR gate loads. 

Input Pulldown Resistor 0.8k 1.0 k l.2k Ohms 4.05V -2.20V No load Resistor to 3.50 V sequentially. Guarantees 
1 k resistor available for input pulldown is 
within 20% of nominal value. 

Output Falling Delay, td1 6 12 ns 4.50V -2.00V F.O. = 12 See t PD Test Circuit 

Output Rising Delay, td, 8 14 ns 4.SOV -2.00V F.O. = 12 See t PD Test Circuit 

Positive Supply Current 18.5 30 36.2 mA 4.95V -2.20V No load Inputs to +3.50 V simultaneously. Tests in· 
tern al resistors to be no more than ± 20% 
from nominal. 

Negative Supply Current 6.75 8 14.8 mA 4.95V -2.20V No load Inputs to -0.70 V simultaneously. Test in· 
ternal resistors to be no more than ± 20% 
from nomiRal. 

NOTES: (1) "Maximum" means "no more positive than" 
(2) F.O. = Fan-Out: F.O. = 12 equivalent to 133 0 to -2.20 V under worst case conditions. 

F.O. = 1 equivalent to 2.4 kO to -1.80 V under worst case conditions. 

TOLERANCE VARIATION 
OF PARAMETERS 

llN • INPUTCURRENT • mA 

INPUT CHARACTERISTICS 
AS A FUNCTION OF 

COLI.ECTOR SUPPLY VOLTAGE 
VEE• ·2.0V 

F.O, • 6 +---+--+'-'----t-----+---1 
TA • 25°C 

~ 3.0 t---t--+--+--c--'.#--r-"=-r----t 

!: l.b ....... "+--+---+--<;---+---+--+---1 
> 

o~~~~_,~.,__-+--+-~ 

0 2.0 4.0 6.0 8.0 
llN • INPUT CURRENT • mA 
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AS A FUNCTION OF 
TEMPERATURE 

vcc • 4.iv 
VEE • ·2.ov+--+-:-+=::--t----Z!ll"'--1 

V'I F.O. •6 5 3.0 l---+--1---+---il--~>-
> 

!i 
~ 2.0 t---t--r-,,r<t---t---+---t---t 

~ 
;!: 

>~ 1.0 

o.__.__...__.__...__.__..._~ 

0 1.0 2.0 ),0 4.0 5.0 6.0 7.0 
llN - INPUT CURRENT - mA 



CTa.iL-9952 COMPLEMENTARY TRANSISTOR MICROLOGIC® IC 

TOLERANCE VARIATION 
OF PARAMETERS 

J.J ..---.----r-....--.--..,......,..-vc~c -. 4-.s,...v--.. 

1---t--+-+---+--+-VEE • -2.ov--1 
I!? J TA' ·2S"C 
g 2.9 r1'""'1=~A1AX~l~MIJ~Md:::: 

r--t--t-1 

1.1.._.....__...._...__....._~-+--~~ 

0 10 20 JO <II 

'our • OUTPUT CURRENT - mA 

OUTPUT CHARACTERISTICS 
AS A FUNCTION OF 

COLLECTOR SUPPLY VOLTAGE 

2•3 '-o __. _ _..10_.___.20_...____J0.___,__,<11 

'our • OUTPUT CURRENT • mA 

AS A FUNCTION OF 
NEGATIVE SUPPLY VOLTAGE 

AS A FUNCTION OF 
TEMPERATURE 

~ 
> 2.11---t--+-+---+--+-+--l----l 
~ 
8 

'our . OUTPUT CURRENT • "" 

SCHEMATIC DIAGRAM 

l.O 

!9 !i! 2.0 

·1.0 
0 

~ > 2.5 

~ 
8 
8 2.41--+--+-+-+--+-+--.P.~ 

> 

a.._.....__...._+-_.__...._...__~~ 

0 10 20 JO <II 

'our . OUTPUT CURRENT - mA 

'ouT 

%-9952 

VIN=-0.7V 

TRANSFER CHARACTERISTICS 

TOLERANCE VARIATION 
OF PARAMETERS 

I T. 
Vee. 4.SV 

VEE • ·2.0V 

TA· 2S"C 

F.O. ·6 

r~t--: !---MAXIMUM 

MilM!--;.. 

0.4 0.8 1.2 1.6 
VIN· INPUTVllUAGE • VOLTS 

2.0 

l.O 

~ 2.0 

c>~ 1.0 

s 0 
~ 

·1.0 
0 

AS A FUNCTION OF 
TEMPERATURE 

TA·G"C Vee. 4.SV 

TA•2S C 
VEE • ·2.0V 

F.O. • 6 
IA·loG"C 

l 
\ 

0.4 0.8 1.2 1.6 
VIN • INPUTVOLTAGE ·VOLTS 

2.0 

+ 
VouT 

AS A FUNCTION OF 
FAN-OUT 

J.O ..--......--.--....---r--r--r---,-~~--.. 
F.6 •• Lo Vee. 4.s'c 

~EE$11=:~+-t-v,E --2.ov 
~ F.O. •jl2 -, TA • 25'C. g .2.0 >--+-+---+L-1-+---tt-->--+-+--+--< 

r.d.-S 
:l!' 
"' §;! 1.0 l--+---1-+-rl--ltl--¥--t--+-+--l 

5 0>--+-+--+--+--+-11>-+--t--+-+---t 
~ 

-1.0 '"-+-+---+--+-........ ~-+-~~~ 
0 0.4 0.8 1.2 1.6 2.0 

VIN - INPUT VOLTAGE - VOLTS 

NOTE: Variation of VEE does not alter transfer characteristics. ---------.,------------------------

l.O 

I!? g 2.0 

·1.0 
0 

AS A FUNCTION OF 
POSITIVE SUPPLY VOLTAGE 

V~·l95V vEE • -2.ov 

F.O.• 6 

Vcc"',j_15V ] T •2S"C 

VccT..4.so-:/ 

0.4 0.8 1.2 1.6 
VIN - INPUTVOLTAGE - VOLTS 

2.0 

POWER DISSIPATION VERSUS 
POSITIVE SUPPLY VOLTAGE 

JOO VEE. ·2.2V I I I 
I I l 

4.0 4.2 4.4 4.6 4.8 s.o 
Vee • POSITIVE SUPPLY VOLTAGE - VOLTS 
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WORST CASE JUNCTION 
TEMPERATURE VERSUS 

POWER DISSIPATION 

§ 80 1---1--+--+-+-+-

~ 
~ 
~ 60 >--+-+---+--+ 

IH .. 
~ 40 ,--,--,-""' 

~ 
~ 201--t-'7'7'7.~+- ~F-+-+-+-~ 
~ OIE:L-..1..-...L--'--'--'--'--'-_....__. 

0 0.2 0.4 0.6 0.8 1.0 

POWER DISSIPATION • WATTS 



CT&JL-9952 COMPLEMENTARY TRANSISTOR MICROLOGIC® IC 

Vu 

WORST CASE PROPAGATION 
DELAY VERSUS AMBIENT 

TEMPERATURE 

8.0 .__..___,___.__,___.___,__.___.____.__, 

0 20 «I ID 80 100 
TA - AMBIENT TEMPERATURE • •c 

tpo TEST CIRCUIT 
OUTPUT 

l 130 
30pF 

i&pf 
'":' '":' 

Vcc•4.50V 
YEE =-2.00V 

TA= zs·c 

APPLICATION INFORMATION 

~ 
~ 

16 

WORST CASE PROPAGATION 
DELAY VERSUS LOAD 
CAPACITANCE AS A 

FUNCTION OF LOAD RESISTANCE 

~ 141--+--+4-4-7'+-

~ 

~ 12 f-ll:~'S!--9-+-t-t-t--+-i I 
w.__..___._.....__.__.__,__,_~_,___, 

0 

Vee 

20 «I ID 80 WO 
CL - LOAD CAPACITANCE - pf 

t.o TEST CIRCUIT FOR ABOVE 

Vu 

Vee: 4.SV 

Vu•-2.0V 

TA:25•e 

+2.sv·~--~ 

INPUT ~lv 

t,=tt= 10ns. 

.0.5V 

The electrical specification tests performed under the conditions set, emphasize the worst case results and should be considered as conservative limits. 
Throughout this data sheet, WORST CASE should be interpreted as using power supplies, internal resistors, transistor parameters and external loads 
having extreme loads chosen in a manner to guarantee proper operation under worst case conditions. 

LOADING RULES: Each input to the CTµL 9952 represents 1.5 unit loads. 
(One unit load is defined as an input to the CT µL AND-OR gate.) 

a) Connecting the 1.0 kn pulldown resistor to the input adds two unit loads to the fan-in. 

b) Connecting the 1.0 kn pulldown resistor to the output reduces the fan-out by two unit loads. 
c) Each wired-OR connection reduces the fan-out by one. 

PULLDOWN RESISTOR: Two pulldown 1.0 kn resistors are built into the package with one end tied to the negative power supply (VEE). Connecting the 
1.0 kn resistor to the CT µL 9952 input will improve the turn-off characteristics and speed up the output rising propagation delay. When the input of the 
CTµL 9952 is driven by four or more AND-OR gates, there is no advantage in connecting the 1.0 kn resistor to the same input. The pulldown resistor 
may also be connected to the CT µL 9952 output. This will improve the output falling propagation delay when low fan-out is used. 

WIRED OR: A powerful feature of the CTµL 9952 inverter is that the output may be tied together with the output of any other element in the CTµL 
family to form the positive OR function at the tie point, thus achieving two logic functions without additional propagation delay. 

INTERFACING: The CTµL 9952 inverter gate serves as an excellent interfacing link between external signals coming from other logic forms or peripheral 
equipment and the CTµL family. 

NOISE IMMUNITY: The CTµL 9952, having excellent noise immunity under maximum loading and worst case conditions, is used primarily to restore logic 
levels degraded after passing through several CTµL AND-OR gates. 

HIGH SPEED CONSIDERATIONS: The high-speed logic operation available using CT/LL requires that care be exercised in packaging and interconnection 
techniques. Normally logic circuits using emitter followers as drivers have a tendency to oscillate when driven by high-speed pulse signals. Each CT µL 
9952 includes a clamping network so designed that it reduces ringing at high-speed operation. These features eliminate the necessity for the use of strip 
lines or coaxial cables for all but the longest lines. However, care must still be exercised in the layout of printed circuit boards. Any one line over 12" in 
length tied to a gate output should be terminated in a 200 n resistor to ground. Such a 200 n resistor approximates the characteristic impedance of 
the back panel wiring and is considered equivalent to a fan-out of 4. 

SHORT CIRCUIT PROTECTION: The CTµL 9952 inverter gate output is protected by a limiting resistor at the output and may sustain prolonged short 
circuit to ground with Vee not greater than 5.0 V. Excessive destructive heat may develop when more than one output in a single package is short cir
cuited to ground. In general, short circuiting the output should be avoided. 

FAIRCHILCJ 

SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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CTµL 9953-9955 • 9964•9966 • 9971-9972 AND-OR GATES 
COMPLEMENTARY TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 

+15°C TO +55°C TEMPERATURE RANGE 

GENERAL DESCRIPTION - The Fairchild CTµL AND-OR gate is a PNP-NPN complementary logic circuit which 

provides the system designer with the basic tools for designing extremely fast, proven, low cost synchronous 

systems. 

The following data, stressing worst case conditions, plus 100% testing by Fairchild for a minimum fanout of 

11 and a maximum propagation delay of 4.5 nseconds at full fanout at 25°C, will assure the designer of 

proper worst case performance in his own system. 

The AND-OR gate is basically a cascade connected PNP-NPN complementary non-saturating transistor pair. 

The output transistor is an emitter follower having virtually no threshold level. Therefore, there is no delay 

in output response due to input charging to threshold voltage, no stored charge to remove, negligible emitter

base transition charge and no collector-base transition capacity multiplication. Thus, typically 3 nseconds 

delays are obtainable at full fanout without the necessity of fast rise and fall time. This means conventional 

back panel wiring may be used with substantial reduction in inductive and capacitive noise usually generated 

by threshold circuits. The emitter follower low output impedance coupled with the high input impedance con

tributes to the large fanout and exceptional performance in the presence of stray capacitance. 

PHYSICAL DIMENSIONS 

TYPICAL DUAL IN-LINE PACKAGE 
lri Accordance With 

JEDEC (T0-116) Outhn~.290--j 

IF 310==tl 

IEE\ 
NOTE 1-j- .350 MAX.--1 

CTµL circuits are packaged in the versatile JEDEC T0-116 DUAL-IN-LINE packages which are hermetically 

sealed ceramic units intended for low cost insertion techniques. l Leadsar11ntendedlor1nsert1on1nholerOW11onlDO"unters.Theyare 
purpose1y,h1ppedw1ttt'pos1t1ve"t.350Jm1ub1nmenttotac1htate1nurt1on 

FEATURES: 

• Power supplies are 4.5 V ± 10% and -2.0. V ± 10%. 

• High fanout capability 

• Temperature range +15°C to +ss•c 

• Low power dissipation 

• Low propagation delay - 3.0 ns typical 

• Logic swing of 3.0 V 

PURCHASING INFORMATION: 

Description 

CTµL9953 - 2-2-3 Input AND-OR Gate (three gates in one package) 

CTµL9954 - Dual 4-lnput AND-OR Gate (two gates in one package) 

CTµL9955 - Dual Output 8-lnput AND·OR Gate 

CTµL9964- 3-3-1 Input AND-OR Gate (three gates in one package) 

CTµL9965- Quad 1-lnput AND-OR Gate 

CTµL9966- Quad 2-lnput AND-OR Gate (with three outputs) 

CTµL9971- Quad 2-lnput AND-OR Gate (with two outputs) 

CTµL9972 - Quad 2-lnput AND-OR Gate (with three outputs, all pull down resistors omitted) 

Use the ten letter code for ordering purposes. 

· All units are marked as above unless otherwise specified. 

313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 
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2.Soard-drilhngd1mens1onsshouldequa1yourpract1ceforaconvent1on11 020 
1nchd11meterle1d. 

Code Marking 

U6A995379X CTµL95379 

U6A995479X CTµL95479 

U6A995579X CTµL95579 

U6A996479X CTµL96479 

U6A996579X CTµL96579 

U6A996679X CTµL96679 

U6A997179X CTµL97179 

U6A997279X CTµL97279 

*Planar is a patented Fairchild process. 

F.AI RCl-t I LCJ 
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FAIRCHILD COMPLEMENTARY. TRANSISTOR MICROLOGIC® IC 

PIN CONFIGURATION AND LOGIC DIAGRAM 
(TOP VIEW) 

CTµL9953 

14 

13 

12 

11 

10 

6 

CTµL9964 

14 

13 

12 

11 

10 

CTµL9955 

CTµL9966/99721'1 

NOTES: 
(1) R1 deleted for CTiu.19972 

X = Not connected. 

CTµL9954 

CTµL9965 

14 

13 

12 

11 

10 

CTµL9971 

CLAMP Rs 

5 

CIRCUIT DIAGRAM 

14 

13 

12 

11 

10 

INPUT l 
R2 

INPUT 
2 

Rl 

14 

13 

12 
11 VEE 

11 

10 NOTE: Only one representative 
AND-OR gate shown. 

R2 

Rl 

Pin 12: Vee = 4.5 V ± 10% 
Pin 11: VEE= -2.0 V ± 10% 
Pin 5: Ground 
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R3 

12 vee 

R3 CLAMP 

R2 

Rl 

5~ND 

Vee 

R3 

CLAMP 

10 

R1 

11 VEE 5* 

R4 

14 
OUTPUT 

Rl 

R2 

R1 



FAIRCHILD COMPLEMENTARY TRANSISTOR MICROLOGIC® IC 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

31: e 
I 

z 
0 
~ 
if 
i3 
0 

a:: .... 
~ a.. 
::::& 
:::> 
::::& 
;;c 
c:i: 
::::& 

Maximum current in or out of a pin 

Maximum chip temperature 

Maximum power dissipation 

Maximum voltage applied to any input pin 

LIMITS 
TESTS (at TA= 25°C) MIN. TYP. MAX.!11 

ONE level offset 200 270 

ZERO level offset -120 -195 

Clamp level 2.10 2.30 

Clamp level 2.60 2.90 

Input resistors 1.6 k 2.0 k 2.4 k 

Output resistors 1.6 k 2.0 k 2.4 k 

Positive supply current, lps lps lps max 

Negative supply current, INs -INS -INS max 

Rising Propagation Delay, tdr 3.5 4.5 
Falling Propagation Delay, tdf 3.0 4.0 

NOTES: (1) "Maximum" means "no more positive than" 

lOOmA 

150°C 

1.0 Watt 

lOVolts 

D.C. TESTS 

UNITS Vee 

mV 4.05 

mV 4.95 

Volts 4.05 

Volts 4.95 

n 4.05 

n 4.05 

mA 4.95 
mA 4.95 
ns 4.50 
ns 4.50 

(2) F.O. =Fan-Out: F.0. = 11 equivalent to 145 ll to -2.20 V under worst case conditions 
F.O. = 1 equivalent to 2.4 k to -1.80 V under worst case conditions 

MAXIMUM POWER DISSIPATION. VS. POSITIVE SUPPLY VOLTAGE 

500 T :r 
VIN =3.5 V 

t- VEE= -2.2 V 

400 

I--r- I 
F.0.=12 

300 

200 

100 
F.0.=0 

~== == f'= 

0 
4.0 

9953.9~4 

<!954 
9955 

l 

~_9953,_2~~ ...... ~~ -~ --b..-- --;:;.;-........,. .,. 9954 '9955 
i l 

4.5 5.0 4.5 

Maximum negative voltage applied to any 

input pin (output open) -8.0Volts 

Maximum voltage applied to output pin 

(input grounded) 5.0Volts 

VEE 

-2.20 

-1.80 

-2.20 

-1.80 

-1.80 

-1.80 

-2.20 
-1.80 
-2.00 
-2.00 

CONDITIONS 
LOAD TO VEE 

F.O. = 111'1 

F.O. = 1 

F.O. = 11 

No load 

No load 

No load 

No load 
No load 

F.O. = 12 
F.O. = 12 

COMMENTS 

Inputs sequentially to +2.25 V, other inputs 
to 3.5 V, pin 5 open. Worst case offset 
assuming ± 10% supplies and W.C. para-
meters. Gates with lower input voltage will 
have. smaller offsets; see fig. 12. 
Worst case offset as$uming ± 10% supplies 
and min. fanout. Inputs sequentially to 
-0.36 V, other inputs to 3.50 V; pin 5 to 
GND. 
Inputs simultaneously at 3.5 V, pin 5 to 
GND. Tests minimum clamp level. 
Inputs simultaneously to 3.5 V, pin 5 to 
GND. Tests max. possible clamp level .. to 
check existence of clamp. 
Inputs to 3.5 V sequentially, other inputs 
to -0.7 V, sense input current. Tests min. 
R for max. loading, max. R for adequate 
turn-off and line termination. 
Outputs to 3.5 V sequentially, inputs to 
-0.7 V, sense output current. Tests min. 
R for max. wired OR loading, max. R for 
adequate turn off. 
Inputs to -0.7 V simultaneously. 
Inputs to +3.5 V simultaneously. 
See tpd test circuit, page 6. 
See tpd test circuit, page 6. 

POSITIVE AND" NEGATIVE 
CURRENT DRAIN 

CTµL 
Element lps typ lps max INS typ INS max UNITS 

9953 22.0 27.7 33.0 41.4 mA 

9954 16.5 20.5 33.0 39.6 mA 

9955 11.5 14.3 30.0 37.1 mA 

9964 22.0 27.7 33.0 41.4 mA 

9965 28.0 34.9 29.0 36.0 mA 

9966 27.0 33.9 38.0 47.5 mA 

9971 26.0 32.9 36.0 44.6 mA 

9972 12.0 20.0 5.0 io.o mA 

5.0 

Vee-POSITIVE SUPPLY VOLTAGE-VOLTS Vee-POSITIVE SUPPLY VOLTAGE-VOLTS 
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FAIRCHILD COMPLEMENTARY TRANSISTOR MICROLOGIC® IC 

TOLERANCE VARIATION 

Vee •4.5V 
VEE • -2.0 V-+--+-_,__+-J'-+-.,__, 
F.0.•6 

!j 3.0 TA=2~C+-·-+--tl---T--H'-+---l 
g 
I 
Ill 
~ g 2.0 

i 
'z 1.0 >---+--!+--+--+-+---+--+---+---I 
> 

01---+--+---+--+---+--+---+-~ 

4.0 

!3 3.0 
g 
I ... 
~ 
~ 2.0 g 

0 1.0 2.0 3.0 4.0 

I1N-INPUT CURRENT-ml 

AS A FUNCTION OF v •• 
Vee •4.5 v i F.0.•6 
TA• 25'C 

Jj 
Vee -1.8 v~ w 

VEE •-2.0 V Iii 
[ 

VEE•-22V-t----; ~ z 
1z 1.0 
> 

0 
0 

(!-
1.0 2.0 3.0 4.0 

I1N-INPUT CURRENT-mA 

TOLERANCE VARIATION 
4.0 ...--.--,....--.,.--....--.---....--.----, 

Vee •4.5V 
>---+--+---+--+---+-Vee· -2.0 v 

~ ~=2~C 

~ 3.0 t==f====t:::::j:.!!11~AX~·liiui;-Wij t-V1N • 2.5 V -j 

~ TYP~ 
~ t=:::t=:t::::tM=l~Nl:MU~M'.±:::db::~r--:::J ~ 2.o 

~ 
~ 1.0 1---1--1---1----1--1----11---1----1 
~ 

lour-OUTPUT CURRENT-mA 

AS A FUNCTION OF TEMPERATURE 

Iour- OUTPUT CURRENT-mA 

INPUT CHARACTERISTICS 

AS A FUNCTION OF Yee 

I1N-INPUT CURRENT-mA 

AS A FUNCTION OF TEMPERATURE 

OUTPUT CHARACTERISTICS 
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4.0 

., 
!::; 
~ 3.0 
I 

~ 
!::; 

g 2.0 

~ g 
I 
~ 1.0 
~ 

~ 
I .... z ... 

iii .. .. 
!l! 
0 

"' .. 
Ill 
ii: ... 
" 
~ 
" ~ 
z 

i 

0 
0 

100 

80 

60 

40 

20 

l1N-INPUT CURRENT-ml 

AS A FUNCTION OF Yee 

vec-2.ov 

V1N•2.5V -1 
TA"25'C 

Pccj_4.95l 

vcc•4.50 v 
vcc4.05v/ 

10 20 30 

lour-OUTPUT CURRENT- mA 

WORST CASE JUNCTION 
TEMPERATURE VERSUS 

POWER DISSIPATION 

0.2 0.4 0.6 0.8 

POWER DISSIPATION - WATTS 

'"""' 

40 

1.0 



FAIRCHILD COMPLEMENTARY TRANSISTOR MICROLOGIC® IC 

TRANSFER CHARACTERISTICS 

TOLERANCE VARIATION 
3.0 

TA•25•c 
F.0.•6 

~ 2.0 

/.I 
'ff 

MAXIMU~ I 
l!l 
~ 

~ 1.0 
~YPICAL 

~MINIMUM 
~ 
§ 
'.... 0 
$ 

~ 
~ 

-1.0 
-0.5 0 1.0 2.0 3.0 

V1N-INPUT VOLTAGE-VOLTS 

AS A FUNCTION OF FAN OUT 
3.0 

Vce•4.5 v 
\l:E•-2.0V 
TA•25°e ~ 

F.O.·~~ 
5 :;: 2.0 
I 

~0.•6 
~ F.0.•12 ~ 1.0 

! 
I ~ 

? ~ 0 

-1.0 
1.0 2.0 3.0 

VIN-INPUT VOLTAGE-VOLTS 

AS A FUNCTION OF FAN-OUT 

vee•4.5V 
120 VEE"-2.0V --+-+--+-+-.-C---1 

TA=25•c 

VIN-INPUT VOLTAGE-VOLTS 

AS A FUNCTION OF FAN-OUT 

Vee· 4.5 v 
60 t---+---+-+---+--+- VEE• -2.0 V 

TA•25'e 
40t---+--+-+--+-l---+-----l----l 

20 f.0.•12._ ~ 
0 -+-+-tJ 
~ -20 i----.-1---=;=-+--+-t--+-l---l 

-40[Jli§::EE1 f.0.•1 

-60 

V1N-INPUT VOLTAGE-VOLTS 

3.0 

"' !::; 
~ 2.0 
I 
l!l 
~ 

~ 1.0 
5 

~ 
I 
5 0 
~ 

-1.0 

AS A FUNCTION OF Vee 

vEc-2.ov 
F.O.• 6 

/] TA•25°C 
16?" 

t--r--Y~c·4.9~ ~ 
~ vcc•4.50v 

~ llcc•4.05V 

~ 
I? 

-0.5 0 1.0 2.0 3.0 

V1N-INPUT VOLTAGE-VOLTS 

AS A FUNCTION OF TEMPERATURE 
3.0 

~ 2.0 
I 
Ill 
~ 

~ 1.0 

I 
I 
5 0 
~ 

-1.0 

Vcc•4.5 V 
IL:: t--VEE•-2.0V 

f.0.•6 /L_ 

TA •O'e [2 
IL TA•25°e 

ltl 
TA•lOO'e 

~ , 
-o.5 0 1.0 2.0 3.0 

V1N-INPUT VOLTAGE-VOLTS 

"ONE" LEVEL OFFSET 

AS A FUNCTION OF Vee 

VEE •-2.0V 
70 F.0.•6 +--+-+-A-.;<--1---+-...--! 

Tll•25•c 

~ 60 
I 

t;; 501-----+---+-.....,,, 

~ 40 1---1---il"r-+-- '"''---t-+---+---i 

~ - 301--44<-+-.;,<---+-+---+-----ll--~ 

! 
20,.....-+-----+---+--+---+---11--~ 

101--<+----t--+---+--+---+---11--~ 

o.___,____..._..__.__.__...___..___. 
1.0 1.5 2.0 2.5 3.0 

VIN-INPUT VOLTAGE-VOLTS 

"ZERO" LEVEL OFFSET 
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AS A FUNCTION OF VEE 

Vcc•4.5V 
10 F.O.• 6 +---+-+--+-+----+---! 

-0.2 

TA •25•C 

0.4 

V1N-INPUT VOLTAGE-'IOLTS 

0.6 



FAIRCHILD COMPLEMENTARY TRANSISTOR MICROLOGIC® IC 

f 

WORST CASE PROPAGATION 
DELAY VERSUS 

AMBIENT TEMPERATURE 

?c 7.0 1--+--+--+-+--+--+---+---+--+--t 

!!l 
~ 6.01--t--t--+-+--+--+--+--+--+--t 

i 
iil '"' -t-'""" ... 5.01---+-+-+-+-+:~~=+--+:::;I 
~ _.i..-i- '!li_+--+-
3 ~s1 ~11;;i...-i-
&j 4.0 t-- 1::.:.."1""=t--+-+-+--+--t---I 
~ ~ 

5112 

3.0~+--+-+-+-~~~~~~ 
0 20 40 60 80 100 

AMBIENT TEMPERATURE • °C 

tpo TEST CIRCUIT 

t-..--..-....-ou--oTP\IT -0.5 V 

13312 

"EE 

!OpF 1312 

36pF 

Vee= 4.5 V 
VEE= -2.0V 
TA= 25°C 

APPLICATION INFORMATION: 

Vee 

WORST CASE PROPAGATION 
DELAY VERSUS 

CL AS A FUNCTION OF RL 

'1. -ui.D CAPM:ITANCE-pf 

tpo TEST CIRCUIT FOR ABOVE 

+2fiV 1.0V 1.0V INPUT 
t-..-....... .:;.;ou'"°TP\IT _ 0_5 v ,,. 11•10 •• 

Rlr ... ·'1. pt 
OUTP\IT 

VEE .OV 
Vee= 4.5 V 
VEE= -2.0 V 
TA= 25°C 

Greatest system speed will be realized by performing most of the logic with the use of the ultra-fast AND-OR gates. Consideration, however, must be given to 
level shifting, loading effects, impedance matching and ringing, which are inherent in fast switching systems. The AND-OR gates have built-in capability to 
overcome these problems. A few rules are outlined below to assist in solving these problems. 

The electrical specification tests are performed under conditions chosen to emphasize the worst case results, and could be considered as conservative limits. 
For initial steps in designing new systems, typical values and data from graphs· may be consulted for a realistic design. The different diagrams for each 
parameter are correlated through the nominal curve. To arrive at the worst case performance under a given set of conditions, deviation from nominal curve 
must be added or subtracted as the case may be. 

INTERFACING -The AND-OR Gate should always be driven from another CTµL element. When interfacing from another logic form, or from a test signal gen
erator, the signal should be introduced via a CTµL inverter, buffer, or flip-flop and then into the AND-OR Gate. 

WI RED-OR - A powerful feature of the AND-OR Gates is that two or more outputs may be wired together to form the positive OR function at the output tie 
point, thus achieving two logic decisions in a maximum of 4.5 ns. Subtract 1 unit fanout for each OR added gate. 

OFFSET LEVEL - NOISE IMMUNITY - The ANU-OR Gate may be looked upon as a non-inverting amplifier having a gain of less than one. Thus, the output 
levels are offset from the input. The amount of offset is a function of loading, positive and negative power supplies, temperature, and input voltage and could 
be determined from the One and Zero level offset curves. When cascading AND-OR Gates, it should be noted that the offset of the first element has the largest 
offset and is decreasing sequentially on the following elements, due to smaller inp11t level. It is recommended that noise-immunity levels be re-established 
by inserting such CTµL elements as the 952 Inverter, 956 Buffer, or 967 Flip-Flop after several offsets. 

HIGH FREQUENCY RINGING - Each AND-OR Gate is internally equipped with a clamp circuit designed to reduce output ringing at high speed operation, at 
low fanout and moderate speed, the clamp may be released by leaving pin 5 open. · 

Any one length over 12" long connected to the output should be terminated with a 200 n resistor to ground at the output. The 200 n approximates the 
characteristic impedance of back panel wiring. The 200 n termination is considered as a fanout of 4. 

Regular equal spacing of AND-OR along a single path should be avoided as they tend to appear to the driving gate as a set of similarly tuned tank circuits 
and may induce ringing. When unavoidable, 200 n resistor to ground along the path will eliminate the ringing. 

l:arge capacitive loads may cause ringing at the AND-OR Gate output and should be driven from a CTµL inverter or buffer. 

UNUSED INPUTS- Unused inputs to the AND-OR Gate will effectively inhibit the gate output, and therefore, must be tied to the most positive voltage level. 
The unused input may be tied directly to +Vee or through a resistor not greater than 600 n. Unused inputs may be tied to active inputs at a cost of reduced 
fanout. 
SHORT CIRCUIT PROTECTION - The AND-OR Gate output is protected by a limiting resistor at the output and may sustain prolonged short circuit to ground 
at Vee not greater than 5 volts. Excessive destructive heat may develop when more than one output in a single package is short circuited to ground. Short 
c~rcuiting the output to the -2 volts supply should be avoided. 

F.A.IRCHIL.CJ 

SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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CTuL9956 
DUAL 2-INPUT BUFFER 

COMPLEMENTARY TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 
+15°C TO +55°C TEMPERATURE RANGE 

GENERAL DESCRIPTION - The CTµL 9956 dual 2-input power AND gate is a low impedance non-inverting 

level setting circuit intended to drive high fanout, and may be used as a son line driver. The input threshold 

and output levels are compatible with any other CTµL elements. The output of the CTµL 9956 may be tied 

with any other CTµL element to perform the wired OR function. 

CTµL 9956 is packaged in the versatile Jedec T0-116 Dual In-Line Package* which is a hermetically sealed 
ceramic package intended for low cost insertion techniques. 

CTµL 9956 is designed to operate over a commercial ambient temperature range of +15 to +55°C. Power 

supplies are 4.5 volts ± 10% and -2 volts ± 10%. Typical power dissipation per gate is 60 mW and is 

designed to increase with fanout. Typical propagation delay 14 ns. 

*Fairchild patent pending. 

FEATURES: 

• Power Supplies are +4.50 V ± 10% and -2.00 V ± 10%. 

• High Fan-Out Capability ... 25. 

• Two Optional Pull Down 1.0 k Resistors for Optimum Speed. 

• .Low Power Dissipation. 

• low Propagation Delay. 

• logic Swing of 3.0 V. 

PURCHASING INFORMATION 

• Use the ten letter code U6A995679X for ordering purposes. 

• All units are marked CTµL 995679 and date code, unless otherwise specified. 

313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 
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PHYSICAL DIMENSIONS 
TYPICAL DUAL IN-LINE PACKAGE 

In Accord a nee With 
JEDEC (T0-116) Outline 

MAX. 
.020M !-.200~ 

.125 TYP. 

.090 
.110 

t 

~~-~ 

/BB\ 
NOTE I+- .350 MAX.--j 

l.Lffd1•relntendedlor1nsertloninholerowson.300'''~•ntus.Ther•re 
purposely shopped wttW 'po&il1n" t.3501 m1sal11nment to ftc:1ht9le insertion. 

2.8oard-drdli111d1mens1onsshouldtq1111yourpr1ctictfor1eonwint10n11.020 
inchd1amet1rlead. 

CONNECTION DIAGRAM 

TOP VIEW 

FAIRCHILCJ 

SEMICONDUCTOR 
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FAIRCHILD COMPLEMENTARY TRANSISTOR MICROLOGIC® IC 

SCHEMATIC DIAGRAM 

~----------.---~vee•+4.5v±10% 

OUTPUT 

.___....__+---+---+---..__-+----oGND 

p~~~lfi°o~N RG VEE•-20V±l0% 
o------wv----<> 

NOTE: ONLY ONE BUFFER SHOWN 

DC TESTS 
LIMITS 

TEST (atTA = 25°C) MIN. TYP. MAX. UNITS 

ONE Level Output 2.25 2.60 Volts 

ONE Level Output 2.46 Volts 
ONE Level Output 2.70 3.20 Volts 

ZERO Level Output -0.45 -0.36 Volts 

Input Current 5.30 6.40 mA 

Input Pull Down Resistor 0.8 1.0 1.2 kn 
Positive Supply Current 69.2 I mA 

Output Rising Delay, tdr 12.0 18.0 ns 

Output Falling Delay, td1 12.0 18.0 ns 

NOTES: 
(1) Value of v,, is non-critical: -2.20 V::; v,,::; -1.80 V 
(2) F.O. =Fan Out; F.O. = 25 equivalent to 64 Q to -2.20 V under worst case conditions 

F.O. = 1 equivalent to 2.4 kll to -1.80 V under worst case conditions 

Vee 

4.05 

4.95 

4.95 

4.05 

4.05 

4.05 

4.95 

4.50 

4.50 

ABSOLUTE MAXIMUM RATINGS 
(above which the useful life may be impaired) 

Maximum Current in or out of a Pin 

Maximum Chip Temperature 

Maximum Power Dissipation 

Maximum Voltage Applied 
to any Input Pin 

Maximum Negative Voltage 
Applied to any Input Pin 

Maximum Voltage Applied 
to Output Pin 

100 mA 

150°C 

1.0 Watt 

10 Volts 

-4.0Volts 

6.0 Volts 

CONDITIONS 

VEE LOAD TO VEE COMMENTS 

Note 1 121 F.O. = 25 Inputs simultaneously to 1.25 V 

Note 1 F.O. = 1 Inputs simultaneously to 1.25 V 

Note 1 Internal 1 k Inputs simultaneously to 3.5 V 

-l.8V F.O. = 1 Inputs to 0.8 V sequentially, 
unused input to 3.5 V 

Note 1 No Load Inputs to 3.5 V simultaneously, 
guarantees input loading ::;; 1.5 
AND-OR gate loads 

-2.2V No Load 3.5 V applied to pull down resistor 

-2.2V No Load One input to 3.5 V, other inputs to GND. 

Note 1 F.O. = 25 See tpd test circuit, page 4 

Note 1 F.O. = 25 See tpd test circuit, page 4 

INPUT CHARACTERISTICS 

TOLERANCE VARIATION 
OF PARAMETERS 

l1N-INPUT eURRENT-mA 

AS A FUNCTION OF 
POSITIVE SUPPLY VOLTAGE 

I1N-INPUT eURRENT-mA 
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"' 

AS A FUNCTION OF 
TEMPERATURE 

Vee, 4.5v 

3.0 VEE'-2.0V 

'J 
~ 2.5 r--+-+-+-+-+-+c.<'F--

J.. 
~ 2.0 t--t--t--l--t-7l"f-i--t--t--t---l 
'J 
~ 
~ 1.5 

~ 1.0 r--tv-l---l---f---f--4---1---1---1---1 
>' 

l1N- INPUT eURRENT-mA 



CTµ.l 9956 COMPLEMENTARY TRANS1sioR MICROLOGIC®. IC 

TOLERANCE VARIATION 
OF PARAMETERS. 

lour-OUTPUT CURRENT-mA 

OUTPUT CHARACTERISTICS 

3.2 

AS A FUNCTION OF 
POSITIVE SUPPLY VOLTAGE 

2.0.___,___._-'--'--'---'----'---' 
0 w ~ 00 ~, 

lour - OUTPUT CURRENT. mA 

AS A FUNCTION OF 
TEMPERATURE 

~o.___.___, _ _,___,__......__.___,___, 
0 20 ~ 60 ~ 

IOUT ·OUTPUT CURRENT- mA 

AS A FUNCTION OF 
NEGATIVE SUPPLY VOLTAGE 

SCHEMATIC DIAGRAM 

3.2 
Vcc•4.5V _ 

~ 3.0 
TA=2s•c 

0 

; ~'I 
~ 2.8 

·-' 
g 2.6 

~ 

r\: 
'!'-.... 

~-0~-
• 1.8~& •+-
r-;.:!-2~ 

.... ? 2.4 

~ 
~ 2.2 

20 ~ 00 ~ 

IouT • OUTPUT CURRENT· mA 

I 

"' 

· TOLERANCE VARIATION 
OF PARAMETERS 

~ 1.5 l-+--+--+--+-11,,..,MAXIMUM --j--
~ t- TYPICAL 
g 1.0 I MINIMUM-+-

~ !:; 0.5 >---+--+--I-_._ __ ,_,_.__...__~ 

t ··o I'.'~ 
~, 

-o.s15~~~·~-r--t-1t-H 

VIN ·INPUT VOLTAGE· VOLTS 

NOTE: Variation of VEE does 

"' 

not alter trarisfe~·· 
cl)ar~cteri~~ics. 

AS A FUNCTION OF 
POSITIVE SUPPLY VOLTAGE 

~ 1.5 l--+-+--+--+--+-+--1-1--+--I 
~ 
g 1.0 l--+-+--+--+--+-+--1-1--+--I 
.... 
~ § 0.5 

~ Ol--+-+--+--+--+-+--1-1--+--I 

~ 
-o.s !;;;;;;~;;;l;;;;;;;;l;;;;;;;j;;;;~--t--1-t-H 
-1.0 '--.J.._-'--'--'--'----'--'-'--..__ 

0 0.4 0.8 1.2 1.6 2.0 

VtN - INPUT VOLTAGE-VOLTS 

TRANSFER CHARACTERISTICS 
AS A FUNCTION OF 

TEMPERATURE 

• 1.0 '---'---'--'---'---'----'--''--'----...,__, 
0 0.4 . 0.8 1.2 1.6 

VJN ·INPUT VOLTAGE-VOLTS 

WORST CASE 
POWER DISSIPATION VERSUS 

POSITIVE SUPPLY VOLTAGE 
.000 T 

!.O 

V1N•3.5V -l--+--+--+--+-+--1--1 
VEE•-2.2V 

500 TA•25'C ...._.....__.__,_-+-+"'""""J--'--' 

400 i-.J-.-1-- . 

300 ......;--t-

200l-o-I--

f.0.~ 

.i 

100 l--+-+--+--+---+-+--1-1--+--I 

o'---'---'--'--'--'---'---'-'--.L.-o-J 
4.0 4.2 4.4 4.6 4.8 5.0 

Vee-POSITIVE SUPPLY VOLTAGE-VOLTS i 
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3.0 

+ 

AS A FUNCTION OF 
FAN·OUT 

VEE • -2.ov. 1_-J--rtJ~F-~0.$· 1~~~ 
u Vcc•4.5Vi 

S w25•c F.0.•1~ 
g ~o 1--+--+--+--+--w-+F.0.•25 1--t--1 
I 

"' s 1.51--+--+--+---+-1---1-,-+---+-+--I 

g.: 1.0 l--+--+--+---+-1---1-1---+-+---I 

~ !; 0.51--+--+--+---+-1---1-1---+-+---I 

1 0~1 -+---1-1---+--4--+--+---+-+--1 
=> 
~ 

-o.5 l==l==::l==l:::::::l:::d--1-1-t-+--i 
-1.0 '---'--+--'--'----'--'-..__.._...._ ..... 

0 0.4 0.8 l.2.· 1.6 2.0 

· WORST .CASE JUNCTION 
TEMPERATURE VERSUS 

POWER DISSIPATION 

POWER DISSIMTION-WATTS 



FAIRCHILD COMPLEtENTARY TRANSISTOR MICROLOGIC® IC 

INPUT 

Vee 

ANO 

51Jl 64Jl 

APPLICATION INFORMATION 

WORST CASE PROPAGATION 1 

DELAY VERSUS AMBIENT 
TEMPERATURE 

TA· AMBIENT TEMPERATURE-"c 

tpo TEST CIRCUIT 

+IT5V INPUT 
l.OV 1.0V 

-05V 

t,=t,=lOns 

tdr tdf [ 

OUTPUT 

62pF 6.4Jl 

75pF 

OUTPUT 

1.0V 

Vee 

INPUT 

51Jl 

WORST CASE PROPAGATION 
DELAY VERSUS LOAD 
CAPACITANCE AS A 

FUNCTION OF LOAD RESISTANCE 

34 l-__ :::+--+--+Jz:-#l-+--+---+--+--h~ ...... 
l ~ 

22 

CL - LOAD CAPACITANCE - pF 

tpo TEST CIRCUIT FOR ABOVE 

+2.5y---\ 

OUTPUT -0.5V1-1.ovj ~ tOV INPUT 

j . t,•ti•TOns 

I_ CL 
1
dr [ 

1
dl r OUTPUT 

v.:::::;;-\!-1.0 v 
vcc•4.5V __} \_ 'itE 
VEE•-2.0V 
Ti. •25•c 

The electrical specification tests are performed under conditions chosen to emphasize the worst case results and could be considered as conservative limits. 
The output ONE level at .worst case is guaranteed to drive a fanout of 25 AND-OR gates. The maximum input current assures that 9956 input presents a load 
of not more than 1.5 AND-OR gate input. 

INTERFACING -- The CTµL 9956 buffer could serve as an excei!ent interfacing link between external signals coming from other logic forms or peripheral equip
ments and the CTµL Family logic. 

PULL DOWN RESISTORS - Two pull down 1 kn resistors are built into the package with one end tied to the negative power supply (V.ee>· When the 9956 input 
is driven by a single AND-OR gate, the 1 kn resistors should be connected to the same input pin. This will improve the 9956 output rise and fall time. The 
pull-down resistor may be also connected to the CTµL 9956 ouiput, which will improve the output falling delay when the fanout is low. 

LINE DRIVER-The CTµL 9956 could be used as a line driver .. To drive a 50 n line, a 68n resistor should be connected from the output to ground. This will 
reduce the fanout capability by 15. 

WIRED-OR-A powerful feature of the CTµL 9956 Buffer is that the output may be tied together with the output of any other element in the CTµL family to 
form the positive OR function at the tie point. When two or more CTµL 9956 outputs are tied for the OR function, a pull-down .resistor must be used. 

UNUSED INPUTS- Unused inputs to the AND-OR Gate will effectively inhibit the gate output, and therefore, must be tied to the most positive voltage level. 
The unused input may be tied directly to +Vee or through a resistor not greater than 600 n. Tying an unused input to an active input is not recommended. 

SHORT CIRCUIT PROTECTION - The. CTµL 9956 Gate output is protected by a limiting resistor at the output and may sustain prolonged short circuit to ground 
at Yee not greater than 5 volts. Excessive destructive heat may develop when more than one output in a single package is short circuited to ground. Short 
circuiting the output to the -.2 volts supply should be avoided.: 

FAIRCHILCJ 

SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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CTuL 9957•9967 
FLIP-FLOPS 

COMPLEMENTARY TRANSISTOR MICROLOGIC® INTEGRATED CIRCUITS 
+15°C TO +55°C TEMPERATURE RANGE 

CTµL 9967 FLIP-FLOP GENERAL DESCRIPTION 

Thi! CT µL 9967 dual rank J-K Flip-Flop is a high speed directly coupled multi-purpose storage element useful 

for shift registers, counters, and other control functions. 

Operation of the CTµL 9967 is based on the "master-slave" principle whereby. information is entered into 

the "master" when the clock pulse goes high and is transferred to "slave" and outputs when the clock 

pulse goes low. DC coupling throughout makes the Flip-Flop input insensitive to rise and fall times. 

The CT µL 9967 employs the PNP-NPN complementary logic to achieve fast response with typical toggling 

rate of 35 MHz. The emitter follower outputs are compatible with all other elements in the CTµL family. 

Two phase clock outputs at half the clock input frequency is available when the CT µL 9967 is operated as a 

binary counter. Typical power dissipation is 420 mW and is designed to increase with fanout. 

CTµL 9957 GENERAL DESCRIPTION 

The CTµL 9957 is a basic dual-rank R-S Flip-Flop intended for storage and control function. Logic· and clock 

inputs are omitted for additional flexibility. J-K operation with either two-phase or single-phase clocking can 

be exercised by adding AND-OR gates to the inputs. Wired OR ties within the flip-flop reduce typical through 

propagation delays to 14 ns. 

The CTµL 9957 is DC coupled throughout. The inputs respond exclusively to voltage levels and are insensitive 

to rise and fall times. Emitter follower outputs, compatible with all other CT µL elements, provide efficient 

drive capability into long line and capacitive loads. 

The CTµL 9967 and CT µL 9957 are packaged in the versatile Dual In-Line Package which is hermetically 

sealed ceramic package intended for low cost insertion techniques. 

Both flip-flops are designed to operate over a commercial ambient temperature range of +15°C to +55°C. 

Power supplies are 4.5 volts ± 10% and -2 volts ± 10%. 

PURCHASING INFORMATION 

DESCRIPTION 

CTµL9957 

CTµL 9967 

Use the ten letter code for ordering purposes. 
All units marked as above unless otherwise specified. 

CODE 

U6A995779X 

U6A996779X 

313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 
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PHYSICAL DIMENSIONS 

TYPICAL DUAL IN-LINE PACKAGE 

NOTES: 

In Accordance Wtth 
JEDEC {T0-116) Outline 

r-.290-1 
IF.310==tl 

f9 
NOTE 1}-.350 MAX.----j 

l.Lead1ueintendeilforlnsert1on1nholerowson.30D"eenters. They are 
purposelyshippedwitlt'positive"(.350)m1$ah11nmenttofacditaternsert1on. 

2.Board-dr1Hmgchmens1onsshouldequalyourpract1ceforaconvent10na1.020 
mchd1ameterle1d. 

MARKING 

CTµL95759 

CTµL96779 

F.AIRCHILCJ 

SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA ANO INSTRUMENT CORPORATION 



CT µ,L 9967 COMPLEMENTARY TRANSISTOR MICROLOGIC® IC 

Vee 

SCHEMATIC DIAGRAM 

PIN12 
Vee 

Vee 

0 <>----+---;---------.. ,,.-------+-------<> m 
PIN 13 PIN 10 

~o--t---..~~~~~+-~~..,.,...-~~-.-~--,~~~-+~~~~~ 
PIN 1 

PIN 14 PIN 3 PIN 6 

PIN & LOGIC DIAGRAM CT,uL9967 • JK FLIP FLOP TRUTH TABLE 

SYNCHRONOUS ENTRY ASYNCHRONOUS ENTRY 

CP-CLOCK I 

s, 2 

So·OIRECT SET 3 

N.C. 4 

GROUNO 5 

Co· DIRECT CLEAR 6 

82 7 

FLIP-FLOP INPUTS 

CP 
J, K 
SD, CD, 
Pc 

OUTPUTS 

Q, Q 

Vcc•4.50V 

VEE •-2.00V 

N.C.• NOT CONNECTED 

LOADING RULES 

*l Load = 1 CT,uL AND-OR Gate Input Load 

14 J· INPUT 

13 "l"·OUTPUT 

12 Vee 

11 VEE 

10 'O'·OUTPUT 

9 

8 

LOGICAL CLEAR-Pc 

"K"-INPUT 

LOADING" 

2.0 
1.0 
1.5 
1.0 

FAN OUT 

12 

t. t. + 1 Inputs Outputs 
J K SD CD output (Q) SD CD ul" "0" 

L L L L Qn L L NC NC 
L H L L L L H L H 
H L L L H H L H L 
H H L L Qn H H H H 
L L L H H Clock Input Low 
L L H L L 
L L H H Undetermined 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

4-79 

Maximum current in or out of a pin 100 mA 

Maximum chip temperature 

Maximum power dissipation 

Maximum voltage applied to any input pin 

Maximum negative voltage applied to any input pin 

Maximum voltage applied to output pin 

150°C 

1.0 Watt 

10 Volts 

-4.0Volts 

6.0 Volts 



CTµL 9967 COMPLEMENTARY TRANSISTOR MICROLOGIC® IC 

9967 pc TESTS 

TESTS (at TA= 25°C) 
LIMITS 

MIN. TYP. MAX.IS) 

ONE Level Output 2.35 2.50 

ONE Level Output 2.56 

ONE Level Output 2.56 

ONE Level Output 3.20 

ZERO Level Output -0.50 -0.36 

ONE Level Offset 200 270 

ZERO Level Offset 120 195 

Logic Input 1.6 k 2.0 k 2.4 k 
Pull-down Resistor 

Clock Input 0.8k 1.0 k 1.2 k 
Pull-down Resistor 

Input Current 6.1 7.67 

Input Current 2.0 3.27 
Positive Supply 51.0 64.0 
Current 

Negative Supply 55.0 68.7 
Current 

Clock Pulse 25 16.0 
Width -trw 
Output Rising 10.0 15.0 
Delay· tdr 
Output Falling 16.0 25.0 
Delay· td1 

Direct Through 17.0 25.0 
Rising Delay - t,r 

Direct Through 25.0 38.0 
Falling Delay - t,1 

NOTES: 
(1) Value of v,, non-critical, -1.80 V::::; VEE < -2.20 V. 
(2) Value of Vee non-critical, 4.05 V::::; Vee::::; 4.95 V. 

ELECTRICAL CHARACTERISTICS 

UNITS Vee VEE Load to VEE 

Volts 4.05 NOTE 1 !3>F.O. = 12 

Volts 4.95 NOTEl No Load 

Volts 4.95 NOTE 1 No Load 

Volts 4.95 -1.80 F.O. = 1 

Volts NOTE2 -1.80 F.O.:::: 1 

mV 4.05 -2.20 F.0.=4 

mV 4.95 -1.80 F.O. =l 

n NOTE2 -1.80 No Load 

n NOTE2 -1.80 No Load 

mA NOTE2 -1.80 No Load 

mA 4.05 -1.80 No Load 
mA 4.95 -2.20 No Load 

mA 4.95 -2.20 No Load 

ns 4.50 -2.00 F.O. = 12 

ns 4.50 -2.00 F.O. = 12 

ns 4.50 -2.00 F.O. = 12 

ns 4.50 -2.00 F.O. = 12 

ns 4.50 -2.00 F.O. = 12 

(3) F.O. = Fan-Out: F.O. = 12 equivalent to 1330 to -2.20 V under worst case conditions. 
F.O. = 4 equivalent to 4000 to -2.20 V under worst case conditions. 
F.O. = 1 equivalent to 2.4 k to -1.80 V under worst case conditions. 

(4) Pulse is a positive pulse of non-critical amplitude and width. 
(5) "Maximum" means "no more positive than." 

WORST CASE POWER DISSIPATION 
VS. POSITIVE SUPPLY VOLTAGE 

~ 500 1,.,_ v z [.7 

~450 ~ .~Y 
I~ 
"4001 ,,. 17.L.V 
~ IL_ v 

350 Yv y 
300 .__.__,__..__..___.___.___.___.__......__. 

4.0 4.2 4.4 4.6 4.8 5.0 

POSITIVE SUPPLY VOLTAGE -VOLTS 

WORST CASE POWER DISSIPATION 
VS. CLOCK INPUT FREQUENCY 

400 t---+--+---+-+--+--+-t--1 

300 ~±=±:t=t=l=t=l--l 

200 t---+--+---+-+--+--+-t--1 

10 20 30 40 

1- FREQUENCY-MHz 
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CONDITIONS 

COMMENTS 

Untested output to 3.50 V; logic input to 1.33 V; 
clock inputs to pulse (Note 4) 

Untested output to 3.50 V; logic input to 1.33 V; 
clock inputs to pulse (Note 4) 

Untested direct input to 3.50 V; tested direct input 
to 1.25 V; clock input to -0.70 V. 

Corresponding direct input is 3.50 V. 

Direct input to 3.50 V; other direct input to 0.80 V; 
·logic inputs to 3.50 V; clock input to 0.47 V. 

Trigger and logic inputs sequentially to 2.25 V; 
untested inputs and outputs to 3.50 V. 

Clock and logic inputs sequentially to -0.36 V. 
Untested inputs and outputs to 3.50 V. 

Logic input is 3.50 V. 

Clock input to 3:50 V. 

Terminals 2 and 7 to 3.50 V. 

Direct set and clear inputs to 3.50 V. 

Clock input to -0.47 V. 

Clock, logic inputs and "l" outputs to 3.50 V 
simultaneously. 

Min. required pulse width to trigger 967. 

Seetdl•. tdr test circuit, page 4 

Seetdl' tdr test circuit, page 4 
.. 

See tsr• t,1 test circuit, page 5 

See tsr• t,1 test circuit, page 5 

WORST CASE JUNCTION 
TEMPERATURE VS. POWER 

DISSIPATION 

POWER DISSIPATION-WATTS 



CTµl 9967 COMPLEMENTARY TRANSISTOR MICROLOGIC® IC 

TRANSFER CHARACTERISTICS SWITCHING CHARACTERISTICS 

CLOCK-ONE LEVEL VERSUS 
TEMPERATURE 

2.0 >--+--+--t--lf-++-<-+--+-1---+---< 

j--TA' 0° C 

1.0 1--t--+-+--+--V~f--:rA' 25' C t-+--
1 i---':A•lOO'C 

DIRECT SET/DIRECT CLEAR 
VERSUS TEMPERATURE 

3.0 .--.,---.---~~~TA-,=o•=c~~-~ 
Vee' 4.5v 

is 1-vEE~ -2.0V --j--- H TA·25'rt 

~ 2.0 F.O. -12 L TA•lOO'C 

~ 
g 
~ 1.0 

~ 
~ 
w 

11 

I--+--+---+--+-

~ 01--+-+-+--+--ttf-+-+-1--+--1 

w 
z 
0 

-1.0 ~~+-~~~~--+-~~ -1.0 .__..._-'--'---'----'---'--J._J..._~ 
0 0.4 0.8 1.2 1.6 2.0 0 0.4 0.8 1.2 1.6 2.0 

CLOCK INPUT VOLTAGE - VOLTS DIRECT SET INPUT VOLTAGE -VOLTS 

PROPAGATION DELAY VERSUS 
AMBIENT TEMPERATURE 

vcc·4.5V 
1---+--+-+---+--l-- VEE'-2.0V 

F.0.•12 

~301---+--+-+--+--+---+--+---I 

~ 
~201---1---+-+--+-+----+---+----l 

~ 
<t. 
0 

~101---+---+--+---+--+---+---+----l 

TA- AMBIENT TEMPERATURE- 'C 

INCREASE IN PROPAGATION 
DELAY DUE TO OUTPUT 

CAPACITANCE 

o~+--+-~~--+-~----t-+--~ 
0 20 40 60 BO 100 

Cour -OUTPUT CAPACITANCE -pF 

TOLERANCE VARIATION 
OF PARAMETERS 

OUTPUT CHARACTERISTICS 
AS A FUNCTION OF 

COLLECTOR SUPPLY VOLTAGE 
AS A FUNCTION OF 

TEMPERATURE 

t------+----t----+--t---r-----t-~ t---- -+--t--t---- --+---
2.0 ~-'----+-+---+--+---+--+~ 2.0 ~-+--+-+---+--+---'----+~ 

0 10 20 30 40 0 10 20 30 40 

lour-OUTPUT CURRENT-mA lour-OUTPUT CURRENT-mA 

4.0 

"' >::; 
g 3.0 
I 

"' "' 
~ 
0 
> 2.0 ,_ 

~ 
0 

~ 1.0 
0 
> 

t---

1--

0 
0 

td1 and tdr SWITCHING TIME TEST CIRCUIT 

+1.7 vo.c. 

TO OSCILLOSCOPE----, 
TRACE A -~ 

SWITCHING NOTES: 
(1) Input Pulse 

::z 
C.P. C<>l--+----t----l 

Frequency: 10 Hz to 10 MHz 
Pulse Width (t,w) = 25 ns 
Rise Time = 10 ns 
Fall Time= 10 ns 

at 10% to 90% pts. 
(2) The load capacitance indicated in the test circuit 

includes the capacitance of the probe and jig. 
(3) Vee= 4.50 V; v,, = -2.00 V 

l.OV 

R1 =133fl± 1% 
R2 = 13 fl± 1% 
R3 =50fl ± 1% 
c, = 36 pf± 2% 
c, = 30 pf± 2% 
Z =Probe lmP.edance ~ 5k 

1dr Ir---------. 
Vour ------~ Li.ov \ PIN13 r· L_ 
Your 

I 1.0V I PIN 10 _}= I 
l-- 1df -----------' 

WAVEFORMS 

4-81 

Vee •4.5V 

J,o'c 

VEE'-2.0V-

_j_ 

TA j25'C 

TA •lOO'C 

10 20 30 40 

lour· OUTPUT CURRENT - mA 

DIRECT SET AND DIRECT CLEAR 
PROPAGATION DELAY VERSUS 

TEMPERATURE 
60 

Vcc•4.5V 

50 
VE["·2,0V 

F.0.•12 
... 

I 1.--1 oE~A~ 
lsF·DlRl 

ISIR-DIRECT SET DELAY -
40 

30 

20 

10 

0 
0 25 50 75 100 

TA -AMBIENT TEMPERATURE - 'C 

WORST CASE SETUP AND RELEASE 
TIME VERSUS TEMPERATURE 

l---+--+--+---t-~~~~~./"'.'-+-+---1 
!---+---+--- I~ ~---+--+---+ --X 1 

20r--r--

_\~ 
1-- ·--+-+--~~.~~"'" 

10 f',:.t--.__,_ ..... _-_--+-... _~::J_~~~'f.~r:+-·-_-lj-----+t-----+--t---l-
0 25 50 75 100 

TA-AMBIENT TEMPERATURE-'C 



CTµ,L 9967 COMPLEMENTARY TRANSISTOR MICROLOGIC® IC 
DIRECT SET & DIRECT CLEAR SWITCHING TIME TEST CIRCUIT 

TO OSCILLOSCOPE ---, 
· TRACE A ~ 
. ..z 

V1N<ot--+-----~ 
So 

,_---+---~" TO OSCILLOSCOPE -i-- TRACE B 

R1 =133 0 ::!: 1% 
R2 = 13 0 ::!: 1% 
R3 = 500 ::!: 1% 
c, = 36 pf::!: 2% 
c, = 30 pf::!: 2% 

SWITCHING NOTES: 
(1) Input Pulse 

Frequency: 10 Hz to 10 MHz 
Pulse Width = 25 ns 
Rise Time = 10 ns 

Z = Probe I mpedanca 2". 5k 

tsET-UP & tRELEASE SWITCHING TIME TEST CIRCUIT 
WAVEFORMS Fall Time = 10 ns 

al 10% to 90% pis. 
(2) The load capacitance indicated in the test circuit 

includes the capacitance of the probe and jig. 
(3) Vee= 4.50 V; VEE= -2.00 v 

TO OSCILLOSCOPE 
TRACE A 

L7VD.C. 

Z TO OSCILLOSCOPE 

~ 1-------"l'I',,_.- TRACE B 
R1 =133 0 ::!: 1% 
R2 = 13 0 ± 1% 
R3 = 50 0 ::!: 1% 
c, = 36 pf::!: 2% 
c, =30 pf::!: 2% 

SWITCHING NOTES: 
(1) Input Pulse 

R.ise Time = 10 ns at lO% to 90% pts. 
Fall Time = 10 ns 
Amplitude= 2.10 V 

(2) The load capacitance indicated in the lest cir
cuit includes the capacitance of the probe and 
the jig. 

(3) Vee= 4.50 V; VEE= -2.00 v. 
(4) Similar tests. may be made al ''O" output if 

logic input is the "K" input. 

OPERATION OF FLIP-FLOP 

VIN ·:Z 
PIN 1 fPJ--t------1 

(5) lsET-UP is defined as the minimum time re
quired for a "ONE" to be present al either 
iogic input prior to a clock transition from a 
high to a low in order for the flip-flop to 
respond. !RELEASE is defined as the maximum 
time required for a ONE to be present at 
either logic input prior lo clock transition from 
a high to a low in order for the flip-flop not 
to respond. 

-0.50 v 

LOGIC 
INPUT 

Z = Probe Impedance 2". 5k 

22/0V 
. \-1.ov 

-J1RELEASEp::-------------

l.OV ,v j 
---,;:TUP 

-~-UT-{-Pl_N_l3-I _ro_R_Go_o_o_oE_v_ic_E_~~------------------------· 

The CTµL 9967 is directly coupled throughout and hence, its inputs are not sensitive to rise times. It responds exclusively to input voltage levels with definite, 

separated thresholds for both high and· low voltage levels. 

As the clock input rises from ZERO level, above VTI, the transfer gates 

between the master and the slave are inhibited and the slave is isolated 

from the master. Above Vn, the logic input gates are enabled and the 

master is set. Above Vw the master is sure. to be set under the worst 

case condition and clock input is reaching the ONE level. As the clock 

input falls from the ONE level below VT4, it inhibits the logic input 

gates and assures no further change in the master flip-flop. Below Vrz• 

the transfer gates are enabled, the slave and outputs are set according 

to information stored in the master. Below Vri• the transfer gates are 

sure to be enabled under the worst case condition. The clock input 

reaches the ZERO level. 

CLOCK INPUT VOLTAGE 

Synchronous entry of information is done at the J and K inputs while the clock input is high. 

Asynchronous information is entered at the S0 and C0 Direct Set and Direct Clear. A high level ONE is applied to the appropriate asynchronous input while the 

clock input is at the ZERO (low) level. Sufficient time must be allowed for the flip-flop to change state before the clock goes high. 

Pins 2 and 7 may serve as an output for a two phase clock having the 

same pulse duration as the clock input. Each output has a repetition 

rate of half. the clock input frequency. (Fig. 1, Wired OR) 

Pin 9, designated as a Logical Clear, may be used to block information 

from entering the J input without inhibiting the internal AND gate. It 

may also serve as an additional isolated J input. 

4-82 

CLOCK INPUT _Il___fl___JLJL 
I I I I 
I I I I 

1 OUTPUT _J I I L 
I I I I 
I I I I 

TERMINAL 2Jl 1 n : 
I I 

TERMINAL 7 n fl_ 



CTµ,L 9957 COMPLEMENTARY TRANSISTOR MICROLOGIC® IC 

•1 

' BLOCKING 
INPUT 

14 . , •• 

.., ASYNCHRONOUS 
SET 6 

., 
1 

D~TA Ra 
INPUT 

LOGIC DIAGRAM 

(POSITIVE LOGIC) 

TOP VIEW 

LOADING RULES 

FLIP-FLOP UNITS 

Data 
SA, CA 
Blocking 

OUTPUTS 

Q,Q 

LOADING0 

1.0 
2.0 
3.5 

FAN OUT 

9.5 

*1 Load = 1 CTµL AND-OR Gate Input Load 

SCHEMATIC DIAGRAM 

Vee 

., 

•1 

vee 

0 

•1 
ILOCKING 

INPUT • . , •• •• ., 
11 

VE£=- 2V t 10% 

ASYNCHRONOUS Co 2 CLEAR 

., ., 
•• •• 0 

DATA 
INPUT 

TRUTH TABLE 

Sn en Qnt+ 1 

0 0 Qn 
0 1 0 
1 0 1 
1 1 Undetermined 

NOTES: 
(1) Connect pin 1 to pin 14 and pin 7 to pin 8 
(2) Flip-Flop changes state on negative transition of input waveforms . 
(3) For asynchronous entry use pins 2 and 6 · 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
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Maximum current in or out of a pin 

Maximum chip temperature 

Maximum power dissipation 
Maximum voltage applied to any input pin 

Maximum negative voltage applied to any input pin 

Maximum voltage applied to output pin 

lOOmA 

150°C 

1.0 Watt 
10 Volts 

-4.0Volts 

6.0Volts 



CTµ,L 9957 COMPLEMENTARY TRANSISTOR MICROLOGIC® IC 

DC TESTS 

LIMITS CONDITIONS 
TESTS (at TA= 25°C) 

MIN. TYP. MAX. UNITS Yee VEE Load to VEE COMMENTS 

ONE Level Output 3.20V Volts 4.50 -2.00 No Load Pulse note (1) to pin 3. 

ONE Level Output 2.20 Volts 4.05 -2.20 C•lf.0. = 9.5 0.8 V to Pins 1 and 6, 2.5 V to Pin 8; Pulse to 
Pin 2. Guarantees min. ONE level output. 

ONE Level Output 2.20 Volts 4.05 -2.20 F.O. = 9.5 2.5 V to Pins 2 and 6, 0.8 V to Pin 8. 

ZERO Level Output -0.36 Volts 4.95 -1.80 No Load Pulse to Pin 6, 1.25 V to Pin 7. 

ZERO Level Output -0.36 Volts 4.95 -1.80 No Load Pulse to Pin 2, 1.25 V to Pin 6, 2.5 V to Pin 14. 

ZERO Level Output -0.36 Volts 4.95 -1.80 No Load 1.25 V to Pin 8, 2 .. 5 V to Pins 6 and 7. 

ZERO Level Output -0.36 Volts 4.95 -1.80 No Load 2.5 V to Pins 2, 8, 14; 1.25 V to Pin 13. 

Input Current Data Input 1.5 2.25 mA 4.50 -2.0 No Load 2.5 V to Pins 1 and 7 sequentially. 

Input Current Async. Input 6.75 mA 4.5 -2.0 No Load 2.5 V to Pins 2 and 6 sequentially. 
Guarantees asynchronous input loading. 

Input Current Blocking Input 10.13 mA 4.5 -2.0 No Load 2.5 V to Pins 8 and 14 sequentially. 

Output Resistor 6.75 10.13 mA 4.5 -2.0 No Load 2.5 V to Pins 6 and 9, 
Pins 2 and 13 sequentially. 

Propagation Delay, t 0 R 10 15 ns 4.5 -2.0 F.O. = 9.5 See Fig. 

Propagation Delay, t0 F 17 30 ns 4.5 -2.0 F.O. = 9.5 See Fig. 

NOTES: 

(1) Pulse, positive pulse of non-critical amplitude and width. 
(2) F.O. =Fan-Out: F.O. = 9.5 equivalent to 1680 to -2.20 V under worst case conditions. 

ELECTRICAL CHARACTERISTICS 

WORST CASE POWER 
DISSIPATION VERSUS 

POSITIVE SUPPLY VOLTAGE 
900 .---.---.---.---.--~ 

VEE•-2.2 V 
TA =25°C 

700 t---+---+---+--+---1 

100 t---t---t---+---+-----1 

4.0 4.5 5.0 

Vee-POSITIVE SUPPLY VOLTAGE-VOLTS 
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WORST CASE JUNCTION 
TEMPERATURE VERSUS 

POWER DISSIPATION 
~ 120 r--r-r-r-r-r-r-.--.--~ .... 
i:'i 
; 100 t--+--+--+--+--+-+-+-+.<-+----< 

"' 
~ 
~ 80t--+--+--+--+--+- •.-<+--+--+-~ 

!!l 

°' ~ 60 1--i---t--+--+ 

~ 
~ 40 
~ .... 
~ 20 

~ 
~ Q...,,,]..._.J..._.J..._.J..._.l__.l__J...._J...._..L...J 

0 0.2 0.4 0.6 O.B 1.0 

POWER DISSIPATION-WATTS 



CT µ,L 9957 COMPLEMENTARY TRANSISTOR MICROLOGIC® IC 

TRANSFER CHARACTERISTICS 

DATA INPUT • ONE LEVEL 
OUTPUT VOLTAGE VERSUS 

TEMPERATURE 

1.0 l--+-+--+--+--!t---iH-+--+--+--1 

Oi--+-+-+-+--lf---ll+-+--+--+~ 

DATA INPUT VOLTAGE-VOLTS 

ASYNCHRONOUS SET /CLEAR-ONE 
LEVEL OUTPUT VOLTAGE 
VERSUS TEMPERATURE 

3.0 

"' ~ g 
~ 2.0 

"' ~ g 
~ 1.0 

~ 
0 

-' 
'" > 

1--~ 
TA•l00°C-

j 0 

'" z 
0 

-1.0 
0 0.4 O.B 

vcc4.sv 
VEE•-2.0V-
F.O.' 10 

TA•o'c 

TA= 25°C +-

1.2 1.6 2.0 

ASYNCHRONOUS CLEAR INPUT VOLTAGE-VOLTS 

3.0 

BLOCKING INPUT· ONE LEVEL 
OUTPUT VOLTAGE VERSUS 

TEMPERATURE 

1 Ve~ •4.5V 
TA' O'C VEE •-2.0V-

TA' 25 C ~ F.0.•10 

2.0 f-- TA' 101i'C 

1.0 

-1.0 
0 

I\ 

l 
t---: 

0.4 0.8 1.2 1.6 2.0 

BLOCKING INPUT VOLTAGE-VOLTS 

OUTPUT CHARACTERISTICS 

TOLERANCE VARIATION 
OF PARAMETERS 

"' 1-t-t-t-~ 2.s f--t-+-+--+=::P-t--=kd-H-+-1 

' 
~ I--< TYPICAL 
~ 2.6 
0 
> 

!; ~ 
~ 2.4 

~ 1--+-+-+--+--+--+--+--+--+-l ,_ 
~ 2.2 l--+-+-+--+--+--+--1 Vee· 4.SV -

1--+-+---+--+--+--+--1-VEE ' - 2.0V 
TA•25°C 

2·0 o'--'--5-'-.o--'--1-'-o-'---'15--''--2'-o _,__,25 

lour - OUTPUT CURRENT - mA 

AS A FUNCTION OF 
COLLECTOR SUPPLY VOLTAGE 

3.0 
vE"[,.iov 

"' !--+-+--+--+--+--+---+ TA' 25° C 

~ 2.8 1 
~ r-t--+- Vcc•4.9sv 
h: ..__ vcr'4.5~ 
~ 2"6 r--i--+-- Vee= 4.osv --1 
> ,_ 
~ 2.41--+-+--+--+--+--+--+--+--+-~ 
::> 
0 

' ,_ 
g 2.2 !--+--+-+--+--+--+---+--+--+--< 
> 

lour -OUTPUT CURRENT - mA 

"' 

AS A FUNCTION OF 
TEMPERATURE 

~ 2.e Nl--+-+--+-+--+---+--+--1--+--l 
~ +-i--+.!!l 'o' c 

~ 1- TA=2s 0 c 
~ 2.6 
0 
> ,_ 
::> 
~ 2.4 

0 l--+-+-~+--+---+--+--1--l---l 
,_ ~oo•c 
~ 2. 21--+--i--+==t=='"f--j...-d:::,.+t---+-1 

louT -OUTPUT CURRENT - mA 

SWITCHING CHARACTERISTICS 

PROPAGATION DELAY VERSUS 
AMBIENT TEMPERATURE 

vcc•4.5V 

25 1--+-+-+--+--+--+--f ~-~E:1~2.ov_ 

20 t-t--t-+--i;r.;--t--+-t~--+
r--t-+--+-1d_1 ,.j.---l--t""" 

15 l--+-+--+--+J--1---'1---+--+--~ 

1dr +--1---
10 bJU....+~=t:=l=:t=LW 

5.0 !--+-+--+-+--+--+--+--+--+~ 

TA - AMBIENT TEMPERATURE· °C 

4-85 

INCREASE IN PROPAGATION 
DELAY DUE TO OUTPUT 

CAPACITANCE 

v 2 5 1--+--l---l--+---l--+--,,,..1-4--l--

~ 

Vcc4.5 v 
5.0 1--+--+-+-+--+---+--1VEE •-2.0V _ 

F.0.•10 

D'--+--'--'----'--....___,____,_~_·_,_25_'~-'--' 
0 20 40 60 BO 100 

Cour -OUTPUT CAPACITANCE - pF 



CT µL 9957 COMPLEMENTARY TRANSISTOR MICROLOGIC® IC 

SWITCHING CHARACTERISTICS 

tdr AND tdf SWITCHING TIME TEST CIRCUIT 
TO OSCILLOSCOPE 

TRACE A 

t ::5k 

Ell<>t-----------1 

R 

R 

INPUT E2: 
PINS 7 a 8 

INPUT El: 
PINS 1 a 14 

l.OV 

GND----' 

OUTPUT Pl N 13 

2 

3 

4 

5 

6 

7 

24ns 
±0.2 

14 

13 

12 Vee 

11 VEE 1680 
17.!l 

24pF 
31pF 

10 

9 VEE 

8 

1680 24pF 170 

31pF 

VEE 

WAVEFORMS 

1drF 
-------------' 1.0V 

OUTPUT PIN 9 I 

SWITCHING NOTES: 
(1) Vee= 4.50 V ± 10% 

VEE= 2.00 V ± 10% 
Select proper capacitor to provide adequate bypassing. 

(2) Select R to provide proper termination for pulse 
generator used. 

(3) Use oscilloscope with at least 5 k input impedance. 
(4) Rise & Fall Times: 

t1 = t, = 5ns measured at 10% to 90% points. 
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*couT 
I 
I 
I 
I 

4-

I 
I 
I 
I 

*couT 
I 
I 
I 
I 

4-

, •...--- TO OSCILLOSCOPE 
!lk TRACE B 

., ... /. 
5k 

TO OSCILLOSCOPE 
TRACE B 

l.OV 

GND 



CTµL 9957 COMPLEMENTARY . .TRANStSTOR MICROLOGIC® IC 

OPERATION OF FLIP-FLOP 
The CTµL 9957 is a dual-rank directly-coupled R-S Flip-Flop. The first rank or ".master" consists of two cross-coupled NOR gates similar to the CTµL 9952. The 
seco.nd rank or "slave" employs OR ties as shown in the functional logic diagram, thereby minimizing through delay. Two NANO gates provide feedback in-
version, while the other two provide gating between "master" and "slave." · 

The primary data inputs to the Flip-Flop are through pins 1 and 7. These inputs work directly from AND gate outputs, allowing OR ties and multiple inputs 
to each Flip-Flop. 

To take advantage of the dual-rank principle, mutually exclusive active inputs should be applied to the gating to "master" and "slave;, so .that only one or the 
other can change at any particular instant. This is easily accomplished in the CTµL 9957 due to the difference in active polarity of the two gates. Thus, what 
appears as a logic 1 to CT µL gates of the Flip-Flop data inputs is a logic 0 to the "slave'.' gates, and vice versa. 

These observations lead to the connection of pin 1 to pin 14 and pin 7 to pin 8 as shown in Fig. 2. Although both "slave" gates are not necessarily inhibited 
when a change takes place, the output cannot change unless both data inputs are logic 0. Therefore, this connection is the usual one, tending to minimize 
the loading of timing circuits. 

In case phased timing signals are advantageous, pins 8 and 14 may be used independently as long as they are never active (low) while their corresponding 
data inputs are high. 

Direct inputs to both "master" and "slave;' appear on pins 2 and 6. A logic (high) on either input sets or resets the "master" and simultaneously inhibits a 
feedback NANO gate in the "slave." The net effect is that both "master" and "slave" move to the desired condition during the presence of the direct input signal. 

The response of the Flip-Flop to concurrent inputs tending to set opposite output conditions is ambiguous. That is, simultaneous logic 1 inputs must be avoided 
for well-defined operation. 

APPLICATION 

FIG. 1 DUAL RANK FLIP-FLOP CONNECTED 
FOR TWO-PHASE CLOCKING, J-K MODE 

A.SET 

l 13 

9957 

A.CLEAR 

FIG. 3 SERIAL BINARY COUNTER 

NOTES: 
1. On all CTµL 9957's, tie pins 1·14 and 7-8. 
2. All gates are CTµL 9953's. 

4-87 

FIG. 2 DUAL RANK FLIP-FLOP CONNECTED FOR 
SINGLE-PHASE CLOCKING, J-K MODE 

A.SET 

l 13 

9957 

A.CLEAR 

FIG .. 4 1·2-4-8 DECADE 

I 
I 
I I 
1/3 CT11L·9953 

CTµL-9957 



C~L 9958 
DECADE COUNTER 

COUNTER MICROLOGIC® INTEGRATED CIRCUITS 

GENERAL DESCRIPTION The C µL 9958 is a complete Decade Counter consisting of four 

cascaded binary triggered flip-flops modified by a feedback loop to count in the familiar 

8-4-2-1 code. Provision is made for clearing and presetting any one of the possible decimal 

states. The monolithic structure employs only resistors and transistors and is manufactured 

with Fairchild Planar* Epitaxial process to assure maximum performance and reliability. 

The Decade Counter is designed to operate in the 0° to +75°C temperature range with nominal 

power supply voltage of 3.3 to 5.5 volts. It is also available in the -55°C to +125°C tem

perature range with power supply voltage of 4.0 to 4.4 volts. 

The Cµ.L9985 is available in the hermetically sealed 14 pin Dual In-line ceramic package, and 

in the 8 pin modified T0-5 metal can. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Storage Temperature 

Voltage at pin 7 (0°C 14 on Dip (0°C to +75°C) · 

Count Input Pin Voltage 

-55°C to +150°C 

+6.0 v 
+4.0 v, -2.0 v 
+4.0 V, -2.0 V 

±5.0 mA 

Reset Input Pin Voltage 

Current into Each Output Terminal 

ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 

Parameter 

Supply Voltage 

Count Input-Low 

Count Input-High 

Count Input Pulse Width-High 

Count Input Slope-Positive Going 

Maximum Count Input Frequency 

Reset Input-Low 

Reset Input-High 

Output-Low 

Output-High 

Power Consumption 

Count Input Impedance 

Reset Input Impedance 

Maximum Delay from Count Input 
to z8 Output (count 7 to 8) 

Min. Typ, Max. Units Conditions 

3.3 

1.2 

150 

1.0 

1.2 

1.4 

5.5 

0.45 v 
v 
ns 

V/ µ.s 

2.0 MHz 

0.45 v 
v 

0.35 v I 
out = 0.4 mA vcc = 4.0 v 

v I out = -0.7 mA vcc = 3 .. 6 v 
140 mW vcc = 4.0 v 

2 kn in series with a transistor base-emitter diode 

300 n in series with a transistor base-emitter diode 

300 ns (Load: 2 kn parallel with 50 pF from each 

output to gr.ound) 

PHYSICAL DIMENSIONS 
(SIMILAR TO T0-5) 

NOTES: .Dimensions as per latest JS-10 committ"e 
All dimensions in inches: 
Leads are gold·plated ko~at 
Package weight ls 1.12 arams 

(PRODUCT CODE' U589958 79X) 

TYPICAL DUAL IN-LINE PACKAGE · 

l. le~dsare1ntended for insertion m hole rows on .300"centers. They are 
purpOHtysh1ppedwittl'pos•t1ve"l.35D)miuhgnmenttofacihlateinsertion 

2.Board·drillingdimensionsshouldequa1yourpract1ceforaconvent1onal.020 
Inch diameter lead 

(PRODUCT CODE, U6A995879X) 

*Planar is a patented Fairchild process. 
NOTE: 
(1) These ratings are limiting values above which serviceability of unit 1pay be impaired. 

l=AIRCHILCJ 

SEMICONDUCTOR 
313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962·5011, TWX: 910-379·6435 A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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FAIRCHILD COUNTING MICROLOGIC®INTEGRATED CIRCUITS C11L9958 

RESET/PRESET 

The circuit is reset to count 0 (all outputs high) with a high level at the reset input pin. 

To preset an arbitrary count: 

1. Reset to count 0 and then return the reset pin to a low level. 

2. Ground (below 0.45 V) the appropriate outputs. 

T0-5 CONNECTION DIAGRAM 

(Top View) 

Zs 

Z4 +vcc 

z2 RESET 

Z1 COUNT 

GND 

14 PIN DUAL IN-LINE 
CONNECTION DIAGRAM 

(TOP VIEW) 

1 14 Vee 

Zs 2 13 

Z4 3 12 RESET 

Z2 4 11 

Z1 5 10 

6 9 COUNT 

GND 7 s 

COUNT 
INPUT 

Zs 

4-89 

TABLE OF OUTPUT STATES 

COUNT (H=High, L=Low) 
0 1 2 3 4 5 6 7 8 9 

Z1 H L H L H L H L H L 

Z2 H H L L H H L L H H 

Z4 H H H H L L L L H H 

Zs H H H H H H H H L L 

OUTPUT WAVEFORMS 

COUNT 
o. 2 3 4 5 . 6 7 8 9 

lµs/div 

> 
'Ci ..... 
> 
"' 



COUNT 

FAIRCHILD COUNTING MICROLOGIC®INTEGRATED CIRCUITS Cul9958 

BLOCK DIAGRAM 

Z2 Zs 

SCHEMATIC DIAGRAM 
OF DECADE FLIP-FLOP 

Vee 

FROM Zn-1 

TYPICAL ELECTRICAL CHARACTERISTICS 

COUNT INPUT 
CHARACTERISTIC 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 l.6 1.8 2.0 

V1N-INPUTVOLTAGE-V 

OUTPUT CHARACTERISTICS 
!OUTPUT . LOW! 

'our - SINKING CURRENT - MA 

4-90 

RESET INPUT 
CHARACTERISTIC 

~ 0.8 

~ 0.6 l----+--+-1----+-1'-Hl--+----l 

! 

OL--'-_,j,,~i.&.«.....L---1._.I-.~ 

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

VIN • INPUT VOLTAGE • V 

POWER SUPPLY CURRENT 
VERSUS SUPPLY VOLTAGE 

~ 331------------; 

"' ffi 

~ 
u 
u 

22~---~----~ 
3.3 4.4 5.5 

Vee . SUPPLY VOLTAGE • VOLTS 



. FAl:RCHILD COUNTING MICROLOGIC® INTEGRATED CIRCUITS Cul9958 

LOADING RULES 

DRIVING DEVICE 

CµL995S: 

Zl' z2, z4 

Zs 

Zl' Z2;. Z4 
Zs · .... 

Zl' z2/·iZ~., · · 

z1, z2, z'l 
Zs 

zl' 
Zs 

Z1, z2, Z4 

Industrial Range 
Milliwatt RTL : 

.. .,,. 

Industrial Range RTL : 

Industrial Range DTL 
6k Family: 

Industrial Range DTL 
2k Family: 

AT Vee OF 

3.3 Min. 

3.3 Min, 

4.0 Min. 

4.0 Min. 

4.0 V Min. and one 390 n current limiting 
resistor in series with each output 

4.0 V Min. and one 330 n current limiting 
resistor in series with Zs output 

3.3 Min. 

3.3 Min. 

4.0 Min. 

4.0 Min, 

4.0 Min. and one 330 n current limiting 
resistor in series with each output 

4.0 Min. and one 270 n current limiting 
resistor in series with z8 output · 

3.6 v ±10% 

3.6V±llJ% 

4.5 Min. 

4.5 Min. 

// FANOUT 

CµL 9958 FAN-OUT VERSUS Vee 
AND SERIES LIMITING RESISTORS 

330 // 5 / IN 
/rN DUSTRIAL 

pl LOADS 

270 

390 

SERIES 
LIMITING 560 

RESISTOR 

750 

0 

/ 
/ 

// 4 / 
/ 

/ / 
/ / 

73 
/ 

/ 
" / / 
_L_ / 

72/ 
/ / 

/ / 

/ 1 / 
/ 

/ 

[3.3 3.5 ~.8 4.0 

MIN Vee 

FA.IRCHILCJ 

SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 

/ 
/ RLIM 

Z1 330 

Z2 
RLIM 

SERIES 

RLIM LIMITING 390 

Z4 RESISTOR 

Zs 
RLIM 560 

0 

~.5 
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CAN DRIVE 

1Cµ.L9959 

1 Cµ.L9959plus 1 C µ.L 9958 
Count Input 

2 C µ.L 9959 

2 C µ.L9959plus 1 C µ.L 9958 
Count Input · 

4 Cµ.L 9959 

4 C µ.L9959plus 1 C µ.L 9958 
Count Input 

1Cµ.L9960 

1 C µ.L9960plus 1 C µ.L 995S 
Count Input 

2 Cµ.L 9960 

2 C µ.L9960plus 1 C µ.L 9958 
Count Input 

5 Cµ.L9960 

5 C µ.L9960plus 1 C µ.L 995S 
Count Inputs 

1 C µ.L9958Count Input 

6 C µ.L9958Count Inputs, or 1 C µL 9958 
Reset Input 

1 Cµ.L9958Count Input 

3 C µ.L9958Count Inputs, or 1 C µ.L 9958 
Reset Input 

/ 
/ 

//: 5 

7 -/ 
/ 

//l 4 // 
/ -,.. 

/ / 

7· 3 j/ 
7 '-:-/ 
/ / 

~ 
/ 

/ 

[3.3 3.5 13.s 14.o 
MINVcc 

// FANOUT 
/IN 

/INDUSTRIAL 
pl LOADS 

//: 6 
-/ 

/ 
/ 

/ 

\4.5 



CµL9959 
BUFFER - STORAGE ELEMENT 

COUNTING MICROLOGIC®INTEGRATED CIRCUIT 

GENERAL DESCRIPTION - The C µL 9959 Buffer-Storage unit consists of four gated-latch circuits, 

and a common gate driver, diffused into a single silicon substrate. Information which is present 

at the four data inputs enters the latches throughout the interval of a load command applied to the 

gate input terminal. With gate high, information is stored until a subsequent load command 

permits a change. 

The unit has eight output terminals (both true and complement for each storage position). 

RULES FOR USE OF CµL9959 

The principal intended use of the CµL9959 is with industrial and ground support systems, with 

operating V CC from 3.3 to 5.0 volts, and from 0°C to +75°C ambient temperature. This temp

erature range may be extended to "'"55°C by raising minimum V CC to 4.0 Volts or it may be 

extended to +125°C by lowering maximum V CC to 4.4 Volts. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Storage Temperature 

Supply Voltage (0°C to +75°C) 

Gate Input and Data Input Pin Voltage 

Current into Each Output Terminal 

Voltage Applied to an Output Terminal 

-55°C to +150°C 

6.0 v 
+4.0 v, -2.0 v 

+15 mA 

+6.0 v, -0.3 v 

ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 

Characteristic Min. Typ. Max. Units 

Supply Voltage 3.3 3.8 5.0 v 
Power Consumption 115 mW vce 
Power Consumption 135 mW vce 
Gate Input High 1..1 v 
Gate Input Low 0.5 v 
Data Input High 1.0 v 
Data Input Low 0.5 v 
Output Low 0.4 v IOUT 
Output Low 0.6 v 10UT 
Load Current -0.4 mA VOUT 
Max. Sampling Rate >5.0 MHz 

Sampling Pulse Width (Gate) 100 ns 

NOTES: 
(1) These ratings are limiting values above which severiceabllity of unit may be impaired. 

Conditions 

3.8 v Gate High 

3.8 v Gate Low 

3.0 mA vcc 5.0 v 
10 mA 

1.5 v 'vcc 3.3 v 

F=A.IRCHILCJ 

SEMICONDUCTOR 
313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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FAIRCHILD COUNTING MICROLOGIC® INTEGRATED CIRCUITS · Cµt9959 

TRUTH TABLE 

GATE 

L 

L 

H 

H =HIGH 

L =LOW 

I z 

L L 

H H 

ANY Q 
I: 

z 

H 

L 

Q 

Q = THE STATE ASSUMED PRIOR 

TO "GATE HIGH" IS MAINTAINED. 

GATE 

la 

16 PIN 

DUAL IN-LINE PACKAGE 

(TOP VIEW) 

1 16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

8 9 

GATE 18 
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BLOCK DIAGRAM 

z . z c c 

TYPICAL APPLICATION 

+V 

0123 45 67 89 

C1tl9960 

Cjtl9959 

GAS FILLED 
READOUT 

I COMPLEMENTARY 
1-2-4-8 OUTPUT 

----Q CARRY 

CµU958 

INPUT 



FAIRCHILD COUNTING MICROLOGIC® INTEGRATED CIRCUITS · Cl}l.9959 

GATE 

GND 0--1 

SCHEMATIC DIAGRAM OF BUFFER STORAGE UNIT 

Za Za 

r---------------------------- ., 
I 

2.1 k 

":" FFa 
._ __ --------------- ------ - ________ J 

la 

PROPAGATION DELAY 
4.0 v 

Vee 
GATE 

eµ.L9959 

I a Za 
GND lb le Id 

-=-

1.5 k S1 

2.0 v TEST POINTS 

Delay from data Input to Output (Gate 

input low) Delay from Gate Input to Output 

50 ns/Div 
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FAIRCHILD COUNTING MICROLOGIC® INTEGRATED CIRCUITS - C1J.L9959 

DATA INPUT CHARACTERISTIC 
1.0 

Vee·4.ov 

Vcate • 2.0 v 

0.75 

1l 
~0.50 

0.25 

0 
0 0.5 1.0 1.5 2.0 

VIN -Volts 

GATE INPUT CHARACTERISTIC 
1.0 

Vce·4.0V 
Threshold 

VIN•OV i ! 
0.75 

; ! 

ui ,pj 
'kli ~i '+I I ~ 0.50 

.!:? 

0.25 

0 
0 0.5 1.0 1.5 2.0 

VG -Volts 

LOADING RULES FOR CµL9959 

Driving Device 

TYPICAL ELECTRICAL CHARACTERISTICS 

~ 

!::i 
0 
> 

J~ 

~ 

!::i 
0 
> 

'5 
,? 

0 
0 

0 
0 

TRANSFER CHARACTERISTIC 
Vee ·4.0V 

VGate•OV 

T • +25°C 

0.5 1,5 2.0 

TRANSFER CHARACTERISTIC 

Vcc·4.ov 

VGate 0 V 

T • +125°C T • -55°C 

0.5 1.0 1.5 2.0 

VIN • VOLTS 

AtVCC of Can Drive: 

2 9960 inputs ts 

OUTPUT CHARACTERISTIC 
<OUTPUT LOW} 

1.0.----.-----.--.,..-.----, 

Vee· 4.0 v 

0.75r----t----t---t----i 

oo~-~--....._ _ _._ _ ___, 

'our - mA 

OUTPUT CHARACTERISTIC 
<OUTPUT HIGH! 

1our - mA 

9959 

9959 

9959 

9959 

9958 

3.3 to 5.0 V 

3.3 to 5.0 V 

3.3 to 5.0 V 

3.3 to 5.0 V 

3.6 to 4.0 V 

4.0 V Min.* 

4 Low Power RTµL loads 

Full Range Low Power RT µL 

Industrial Range Low Power RTµL 

Full Range RTµL 

Industrial Range RTµL 

·Full Range DT µL 
6 K Family 

Full Range DT µL 
2 K Family 

at -55°C 

3.6v±10% 

3.0±10% 

3.6±10% 

4.5 V Min. 

4.5V Min. 

*See Low Power RT µL data sheet for. details. 

FAIRCHILCJ 

SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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1 RTµL load 

2 DTµL loads 

2 9959 data inputs 

3 9959 data inputs or 1 9959 gate input 

2 9959 data inputs 

10 9959 data inputs or 3 9959 gate inputs 

13 9959 data inputs or 5 9959 gate inputs 

2 9959 data inputs or 1 9959 gate input 

6 9959 data inputs or 2 9959 gate inputs 



CµL9960 
DECIMAL DECODER/DRIVER 

COUNTING MICROLOGIC® INTEGRATED CIRCUIT 

GENERAL DESCRIPTION - The CµL 9960 Decoder /Driver is a monolithic silicon circuit 

which accepts 1-2-4-8 binary coded decimal inputs at integrated circuit signal levels and pro

duces ten mutually exclusive outputs which can directly control the ionizing potentials of 

many gas filled cold cathode indicator tubes. The CµL 9960 is designed specifically for use 

with the CµL 9958 Decade Counter or CµL 9959 Buffer-Storage, but can be used with other 

integrated circuit types. Only true values are required as inputs thereby simplifying the con

nection with counters or other information sources. 

RULES FOR USE OF CµL 9960 

The principal intended use of the CµL 9960 is with industrial and ground support systems, 

from 0°C to +75°C ambient, and with operating Vee from 3.3 to 5.5 volts. The lower limit 

of the temperature range may be extended to -55°C by raising the minimum Vee to 4.0 volts. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

lot 

Storage Temperature 

Operating Temperature 

Supply Voltage (0°C to +75°C) 

Input Voltage 

Current into each Output Terminal (In the ON State) 

-55°C to +125·c 

o·c to +75°c 

6V 

loH Current into each Output Terminal (In the OFF State) (Notes 2 and 3) 

+4V, -2V 

15 mA 

0.6mA 

ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 

Symbol Characteristic Min. Typ. Max. 

Vee Power Supply (Note 4) 3.3 5.5 

Po Power Consumption 45 
V1H Input High 1.0 

V1t Input Low 0.4 

Vat ON Output Voltage (Note 2) 4.0 

VoH OFF Output Voltage 55 

lco OFF Output Leakage Current 50 

NOTES: 

(1) These ratings are limiting values above which serviceability of unit may be impaired. 

Units 

v 
mW 

v 
v 
v 
v 

µA 

PHYSICAL DIMENSIONS 
C~L PACKAGE OUTllNE 

.200 MAX. ~ 
NOTE Ill 

NOTES, 
1. Leads are intended for insertion in hole rows on 

.300" centers. They are purposely shipped with 
"positive" '(.350) misalianment to facilitate insertion. 

2. Board-drilling dimensions should equaJ your 
practice for a conventional .020 linch diameter lead. 

PRODUCT CODE: U68996079X 

Test Conditions 

Vee = 4.0 V Input 1-!igh 

V1H = 1.0 V, lot = 3 mA 

loH = 0.2 mA 

Vour = 0.2 mA 

(2) Outputs in the OFF state Must not be left floating, they should be tied to Vee through 10 kll if they are not connected to the cathodes of a readout tube. 

(3) Total current through all 9 outputs in the OFF state must not exceed 1.5 mA. 

(4) For operation using gas filled readout tubes requiring 6 to lOmA ON current, Vee Min.= 4.0 V. 

FAIRCl-tlLCJ 
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FAIRCHILD COUNTING MICROLOGIC® INTEGRATED CIRCUIT-Cµ,L9960 

INPUT CHARACTERISTICS 

0.31----+--+---+-fH-+----i 
1 
I 
z 

TYPICAL ELECTRICAL CHARACTERISTICS 

10 

... 
~ 8 
.... z 
"' a: 

~ 6 
.... 
~ 

ON OUTPUT CURRENT 
VERSUS OUTPUT VOLTAGE 

If ... 

OFF OUTPUT CURRENT 
VERSUS OUTPUT VOLTAGE 

~ 400 1-----+--+---<---+--+---I 

!;; 
~ a 300 1-----+--+---<---+--+---I 
.... 
~ 

;:: 0.21----+--+--IM--+----i g 4 t v .... 
52001-----+--t---f--f--t---I 

0o 0.4 0.8 1.2 1.6 2.0 

VJN - VOLTS 

z 
0 

' i5 2 

j_ 
0o 0.5 1.0 1.5 2.0 2.5 

VOL -OUTPUT VOLTAGE -VOLTS 

TRUTH TABLE 

' 51001----+--+---+--+--+----i 

20 40 60 80 100 

VoH - OUTPUT VOLTAGE -VOLTS 

With the coding shown in the table only one of the outputs will be low or On at any time. 

1, H L 
I, H H 

1. H H 

Is H H 

ON Zo z, Output 

L =Low 
H =High 

16 PIN DUAL IN-LINE PACKAGE 
(Top View) 

1 16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

8 9 

H 

L 

H 

H 

z, 

L H L 

L H H 

H L L 

H H H 

z, z. z, 

l4u---..... 

H L H 

L L H 

L l.: H 

H H L 

z. z, z. 

BLOCK DIAGRAM 

DECODER 
MATRIX 

L 

H 

H 

L 

z, 

L-------------------------------~ 
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FAIRCHILD COUNTING MICROLOGIC® INTEGRATED CIRCUIT-Cµ,L9960 

GATE 

+V 

0123456789 

CµL9960 

CJ1L9959 

TYPICAL APPLICATIONS 

GAS FILLED 
READOUT 

l COMPLEMENTARY 
1-2-4-8 OUTPUT 

----o CARRY 

CµL9958 

INPUT 

+V 

0123 45 67 89 

CµL9960 

GAS FILLED 
READOUT 

----o CARRY 

CµL9958 

INPUT 

*The CµL9960 is suitable for driving all commercial available numeric gas filled readout tubes in which ON 
Cathode current does not exceed lOmA and total OFF Cathode leakages do not exceed l.5mA. 
The Values of +v and R may be chosen following the readout tube manufacturers' specifications. 

Driving Device 

CµL9959 

CµL9958 

Industrial Range Milliwatt RTL 

Industrial Range RTL 

Industrial Range DTµL 
6K Family 

Industrial Range DTµL 
2K Family 

LOADING RULES FOR CµL9960 

At Vee of 

3.3 to 5.'5 V 

3.3 to 5.5 V 

3.6 v ±10% 

3.6 ±10% 

4.5 V Min. 

4.5 V Min. 

4-98 

2 CµL9960 inputs 

1 CµL9960 plus 1 CµL9958 
Count Input 

1 CµL9960 

6 CµL9960 

1 CµL9960 

3 CµL9960 



CµL9989 
4-BIT BINARY COUNTER 

.. COUNTING MICROLOGIC® INTEGRATED CIRCUITS 

GENERAL DESCRIPTION - The CµL9989 is a Ripple Counter using 8421 binary weighted count sequence 

consisting of four cascaded binary triggered flip-flops. Provision is made for clearing and pre-setting any one 

of the possible binary states. The monolithic structure employs only resistors and transistors and is manu

factured with Fairchild Planar* Epitaxial process to assure maximum performance and reliability. 

The CµL9989 counter is designed to operate in the 0°C to 75°C temperature range with nominal power 

supply voltage of 3.6 to 5.5 volts. 

The CµL9989 is available in the hermetically sealed 14 pin Dual In-Line ceramic package (T0-116), and in 

the 8 pin modified T0-5 metal can (T0-99). 

ABSOLUTE MAXIMUM RATINGS (above which useful life may be impaired) 

Storage Temperature 

Voltage at pin 7 (0°C to + 75°C) (T0-99) 

Count Input Pin Voltage 

Reset Input Pin Voltage 

Current into Each Output Terminal 

-55°C to +150°C 

+6.0V 

+4.0 V, -2.0 V 

+4.0 V, -2.0 V 

±5.0mA 

ELECTRICAL CHARACTERISTICS (0 - 75°C Free Air Temperature unless otherwise stated) 

PARAMETER MIN. TYP. MAX. UNITS CONDITIONS 

Supply Voltage-V cc 3.6 5.5 Volts See Loading Rules 
Power Dissipation 300 385 mW Vee= 5.5 Volts, 25°C 
Power Dissipation 132 mW Vee= 4.0 Volts, 25°C 
Count lnput-Low-V1Lc 0.45 Volts 75°c 
Count lnput-High-V1Hc 1.2 Volts 25°C 
Count Input Current 210 330 µA 25°C, V1Hc = 1.2 Volts 
Count Input Pulse Width-High 40 ns 25°c 
Count Input Slope-Positive Going 1.0 v/µs 25°c 
Max. Freq. of Input Count Pulses 10 15 MHz Zp Z2, Z4, One Standard Load 

Zs, Two Standard Loads 
Reset lnput-Low-V1LR 0.45 Volts 75°c 
Reset lnput-High-VIHR 1.2 Volts 25°c 
Reset Input Current 1.45 2.30 mA 25°C, VrHR = 1.2 Volts 
Reset Input Pulse Width-High 220 ns Z 1, Z2, Z4, One Standard Load 

Zs, Two Standard Loads, Vee= 5.5 Volts 
Output-Low-V 0L 0.45 Volts Vee= 5.5 Volts, Im= 0.4 mA Load 
Output-High-V 0H 1.2 Volts Vee= 3.5 Volts, 10 H = -0.7 mA 
Max. Delay From Count Input 90 120 ns V cc = 4.0 Volts, Z 1, Z2, Z4 One 
To Zs Output Standard ~oad, Zs Two Standard Loads 25°C 

313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011. TWX: 910-379-6435 
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PHYSICAL DIMENSIONS 
(T0-99) 

' 1001P 
.l 

NOTES. 01mens1ons as per latest JS·lO committee 
All dimensions in inches 
Leadsaregold-platedkovar 
Po11ckage weight 1s095 grams. 

(PRODUCT CODE U5B998979X) 

TYPICAL DUAL IN-LINE PACKAGE 
(T0-116) 

[~] 

-- L\~, . -·· n 
lJ 

I ·"·-I r-MAX. 

l Leadsare•nlendedfor1nsert1oninholerowson 300"cenlers Theyare 
purposely sh1ppedwoth''pos1t1~e"( 350)m1sahgnmenttofac1l1tate•nsert1on 

2 Board·drolhngd1mens1onssllouldequalyourpnctoceforaconvent1onal 020 
1nchd1amelerlead 

(PRODUCT CODE U6A998979X) 

•Planar is a patented Fairchild process. 

l=A.IRCHILCJ 
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FAIRCHILD COUNTING MICROLOGIC® INTEGRATED CIRCUITS CµL9989. ·. 

SCHEMATIC DIAGRAM 

Zl Z2 

COUNT RESET 

RESET 

LOGIC DIAGRAM 14 PIN DUAL IN-LINE 
CONNECTION DIAGRAM 

(Top View) 

1 14 

Zs 2 13 

Z4 3 12 

Z2 4 11 

Z1 Z2 Z4 za Z1 5 10 

6 9 

GND 7 8 

TABLE OF OUTPUT STATES 

COUNT (H = High, L = Low) 
0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Z1 H L H L 'H L H L H L H L H L H L 

Z2 H H L L H H L L H H L L H H L L 

Z4. H H H H L L L L H H H H L L L L 

Zs H H H H H H H H L L L L L L L L 

RESET/PRESET 

The circuit is reset to count 0 (all outputs high) with a high level at the reset input pin. 

To preset an arbitrary count: 

L Reset to· count 0 and then return the reset pin to a low level. 

2. Ground (below 0.45 V) the appropriate outputs. 

4-100 

Z4 ZS 

1.2k 800 800 

T0-99 CONNECTION DIAGRAM 

(Top View) 

Vee 
Z4 +Vee 

RESET Z2 RESET 

Z1 COUNT 

COUNT GND 

INPUT/OUTPUT WAVEFORM 



FAIRCHILD COUNTING MICROLOGIC® INTEGRATED CIRCUITS Cµl9989 

POWER SUPPLY CURRENT 
VERSUS SUPPLY VOLTAGE 

Vee-SUPPLY VOLTAGE-VOLTS 

OUTPUT CHARACTERISTICS 
(OUTPUT LOW) 

1411 L---'---'----"---'---'----' 
0 

lour ~ SINKING CURRENT ~ MA 

PROPAGATION DELAY-tpd 
VERSUS SUPPLY VOLTAGE 

5o1---+---+-~Z-1,~Z2_&__,_Z4---1S~T-D.~LO_A_,D 
ZB -2 STD. LOADS 

501---+----l--~-+----l--l---I--~ 

3.5 4.0 4.5 5.0 5.5 
Vee-SUPPLY VOLTAGE-VOLTS 

TYPICAL ELECTRICAL CHARACTERISTICS 

"' '::; 
0 

OUTPUT VOLTAGE-LOW 
VERSUS SUPPLY VOLTAGE 

t .35t----i----r-r----r---r-7""t----t--1 

~ 
I .., 
"' ~ .301---t-----b.C---l--~..-F-l---+----I 
0 
> 

~ 
~ .25 f--,"'17''--+--+----+---+-l---+----I 

'~ 
~ 

·203.5 4.0 4.5 5.0 

Vee-SUPPLY VOLTAGE -VOLTS 

COUNT INPUT 
CHARACTERISTIC 

5.5 

0.5 ~..--..--..--..--r--r--,---,,---,~,-.,., 

~If 
~ 0.4 1--+--+---t--+--+--+--+-+'U~___, 

~ 0.3 1,a 
~ ~<>~~ B 1--+-+-+--+--+-Y.f/... 0-+-+-
; o.21-+--f-+---+--1H /,W." 
z l/b~ 

0.1 l--t--t--t--h~'bfft--t--t--t--t----1 w 
oi...l.-'"-ll~A---1_J___L_L_L~ 

0 0.2 0.4 0.6 0.8 1.0 1.2 u 1.6 1.8 2.0 
VIN - INPUT VOLTAGE - V 

COUNT PULSE WIDTH 
VERSUS SUPPLY VOLTAGE 

19 l---+----i--1---1--~-1---I--~ 
3.5 4.0 4.5 5.0 5.5 

Vee-SUPPLY VOLTAGE -VOLTS 
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OUTPUT VOLTAGE-HIGH 
VERSUS TEMPERATURE 

1. 7 ,-------,---,-----,----,---l_---.-1----, 
"' ~t-----'""c-1---+---+ Vee• 3.5 v ~ g f'...... Iott=-0.7mA 

I 1.61------tj___:::,,.--"'k--+----t---l------t 
tii !"--
" I h 
~ ~ 
~ L 5 l-----+--+---+---+--""....._~I"-..1----1 

~ 
§ 1.41-----+--+--+---+---I--~ 
'"' >o 

uo l-----'---2-'--5---'----'-50---"--------'75 

AMBIENT TEMPERATURE -'C 

RESET INPUT 
CHARACTERISTIC 

~ 0.8 l---+-+---+-+-----l-IH----1----l 
1l 
~ 0.6 

z 0.41-----+-+--+--l+il-t--+---; 

O...__..~...__...WL.--'----'--'-----' 
0 0.2 0.4 0.6 0.8 1.0 

VIN - INPUT VOLTAGE - V 

RESET PULSE WIDTH 
VERSUS SUPPLY VOLTAGE 

220 l---+---+-l---+---+-+---171------.1 

180 l---+---+-l---+---+-->"'+-v-1----1 
% 

140 1-----1--+-+...L.""--117-+---1--1----1 

L 
ioo IL 

k:'.::: Zl, Z2 & Z4 -1 STD. LOAD 
t---t-----t-----+ ZS - 2 STD. LOADS 

60'-----'----'--'-----'----'---'-----'-----' 
3.5 4.0 4.5 5.0 5.5 

Vee-SUPPLY VOLTAGE-VOLTS 



FAIRCHILD COUNTING MICROLOGIC® INTEGRATED CIRCUITS CµL9989 

DRIVING DEVICE 

CµL9989 
Z" Z2, Z4 
Zs 

CµL9989 
Z" Z2, Z4 
Zs 

CµL9989 

Z1' Z2, Z4 
Zs 

Industrial Range 
Milliwatt RTL 

Industrial Range 
RTL 

Industrial Range 
DTL GK Family 

Industrial Range 
DTL 2K Family 

One Standard Load, worst case, is defined for testing 
purposes as shown in the figure below. 

16 pF 
FD 600 

F=AIRCl-llLC 

SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 

LOADING RULES 

CAN DRIVE 

Open 
1 Standard Load 

1 Standard Load 
2 Standard Loads 

2 Standard Loads 
4 Standard Loads 

1 CµL9989 Gou nt 

6 CµL9989 Gou nt 
1 CµL9989 Reset 

1 CµL9989 Gou nt 

3 CµL9989 Gou nt 
I CµL9989 Reset 

4-102 

AT Vee RANGE OF 

3.6 to 5.5 Volts 

4.0 to 5.5 Volts 

5.0 to 5.5 Volts 

3.6 to 3.96 Volts 

3.6 to 3.96 Volts 

4.5 to 5.5 Volts 

4.5 to 5.5 Volts 

The following are defined as One Standard Load: 

CµL9989 Count Input 
CµL9958 Count Input 
CµL9959 Data Input 
CµL9960 Data Input 
LP-RTL GATE INPUT 



9997 FOUR Bl,T SHIFT REGISTER 
INDUSTRIAL MICROLOGIC® INTEGRATED CIRCUIT 

OPERATING TEMPERATURE RANGE 0°C TO 70°C 

GENERAL DESCRIPTION - The Micrologic® Integrated Circuit Four-Bit Shift Register is a fully integrated, 

monolithic digital circuit which is manufactured using the patented Fairchild Planar* epitaxial process. 

THE 9997 FOUR-BIT SHIFT REGISTER consists of four series connected Flip-Flops and the circuitry required 

for triggering and resetting the Flip-Flops. Each Flip-Flop has a common reset input, a parallel (asynchronous) 

input, data input, and a non-inverted, buffered output which receives power from a separate voltage supply 

(Vee/) that is common to all outputs. 

The separate voltage supply (Vee/) is independent of the Vee terminal, i.e., the circuit will operate with 

Vee = 5.5V and Vee/ = 3.3V or Vee= 3.3V and Vee/ = 5.5V, etc. 

Typical applications include: Serial shifting, parallel shifting (static storage register), serial input-paraUel 

output, parallel input-serial output, and shift counters. 

FEATURES 

• SERIAL OPERATION WITH PARALLEL ENTRY TO ALL BITS 

• ASYNCHRONOUS GANGED RESET CAPABILITY 

• WIDE Yee RANGE- COMPATIBLE OPERATION WITH SEVERAL LOGIC FAMILIES 

• OUTPUTS CAN BE GATED 

• SINGLE LINE SERIAL INPUT 

• HANDLES BLOCKS OF FOUR BITS OF DATA COMMON TO MANY PARALLEL/SERIAL AND SERIAL/ 

PARALLEL OPERATIONS 

• CAN DRIVE 40 CCSL UNIT LOADS 

ELECTRICAL CHARACTERISTICS 

Operating Voltage Range 

Minimum Shifting Rate 

Typical Shifting Rate 

Maximum Power Dissipation (Vee/ = Vee> 

Maximum Power Dissipation (Vee/ =open) 

NORMAL OPERATION 

3.3 to 5.5 Volts 

D.C. to 5.0 MHz 
D.C. to 7.0 MHz 

380 mW 

260 mW 

TYPICAL DUAL IN-LINE PACKAGE 
(In accordance with JEDEC T0-116) 

tmJ 

-- LL .. -- n 
.7811 

lllOTE2 
11 

I ·"·-I I-MAX. 

I Leadsaremtendedlorinsertlonmholerowson.300"centers Theyare 
purposelysh1ppedw1tti'p0s1t1ve"(.350)m1sah1nmenttol•c1hlaleonsert1on 

2. Board-drilhngd1mens1onsshouldeciualyourpract1ceforaconvenhonal 020 
inch1hameterlnd. 

PURCHASING INFORMATION: 

To order this device specify U6A999729X. 

SERIAL SHIFTING-A high to low voltage transition at the trigger input (T) initiates the following simultaneous state transfers: D-+Q 1, Q1-+Q2, Q2-+Q3, and 

Q3-+Q4. 
RESET AND PARALLEL ENTRY -A high voltage level at the reset input (R) overrides all other inputs and causes all four Flip-Flops to be reset such that 

the Q1, Q2, Q3, and Q4 outputs assume a high voltage level and remain high after removal of the reset signal. After removal of the reset signal, a high 

voltage level at a set input (S 1 through S4) will cause each Flip-Flop to be set such that its corresponding output (Q 1 through Q4) will be at a low voltage 

level. No change of state will occur if a set input is at a low signal level. 

Note that since the buffered outputs receive power from a separate voltage supply they can be gated (or enabled) by gating the voltage applied to Pin 13. This 

feature is useful from a logical viewpoint, as well as a power conservation consideration. The gated emitter-follower circuit shown on the back of this sheet is 

recommended. 
''' Planar is a patented Fairchild process. 

FAIRCHILCJ 
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D 

9997 FOUR BIT SHIFT REGISTER 

BLOCK DIAGRAM 

F/F 1 
AND 

'--l>c>---+----l5TEERING 

GATED 

E.F. 

FOUR BIT SHIFT REGISTER I PRODUCT CODE 9997) BLOCK DIAGRAM 

TYPICAL TIMING DIAGRAM 

PIN 
NO SYMBOL 

SERIAL SHIFT REGISTER WITH GATED OUTPUTS. 

eP 
DATA 

TIMING DIAGRAM 

ENABLE--------"' 

Q1--------~ 

Q2---------~ 

Q3----------------~ 

Vee 

Q4--------~ 
GATED EMITTER FOLLOWER 

MODULO 8 SHIFT REGISTER COUNTER 
(Shifting Rate Test Circuit) 

TIMING DIAGRAM 
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M1JL9030 
8-BIT MEMORY CELL 

MEMORY MICROLOGIC®INTEGRATED CIRCUITS 

GENERAL DESCRIPTION - The Mµ.L 9030 is a Planar* epitaxial integrated 8-bit (non

destructive readout) memory cell consisting of four 2-bit words. The cell is addressable 

by word. It is permissible to write into one word while reading another. The same 

information may also be written in two words simultaneously. The "Write" time for a 

cell is 45 nanoseconds maximum and the "Read" delay is 25 nanoseconds. 

The element is fully compatible with Fairchild CT µ.L Circuits. The "Read" and "Data" · 

inputs are the equivalent of 1.5 CT µ.L gate loads, and the "Write" inputs, 3 CT µ.L gate 

loads. The outputs can drive 3 CT µ.L gate loads. 

For applications where faster "Readout" speed is essential, the users are encouraged 

to investigate the properties of the CT µ.L 968 Integrated Dual Latch. 

*Planar is a Patented Fairchild Process. 

LOGIC DIAGRAM AND PIN ARRANGEMENTS 

D1, D2: DATA INPUTS 

R1, R2, R3, R4: READ INPUTS 

W1, W2, W3, W4: WRITE INPUTS 

01, 02: OR-ABLE OUTPUTS 

Vee= PIN 12 

GND =PIN 5 

7 
D 

13 

1 

D2 

R1 

11 2 10 

W1 R2 W2 

313 FAIRCHILD DRWE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 
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3 

R3 

9 4 8 

W3 R4 W4 

01 
6 

02 
14 
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SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 



FAIRCHILD MEMORY MICROLOGIC®INTEGRATED CIRCWITS Mpl.9030 

D.C. TESTS (Vee = 4.5v, T 25°C} 

DESCRIPTION TEST CONDITIONS LIMITS EQUIV 
MIN MAX UNITS CTµLLOAD 

Read Input Current 11' 12, 13, 14 v1, v 2, v 3, v 4 = 2.5V 4.4 mA ea. 1.5 

Data Input Current 17, 113 V7, v 13 = 2.5V 4.4 mA ea. 1.5 

Write Input Current 18' 19• 110• 111 V8, V9, vlO' Vu= 2.5V 8.8 mA ea. 3 

Output Voltage v6, v'\4 16' r14 = -10 mA 2.35 v 
(High State} 

Output Voltage v6' vl4 16, r14 = -1 mA -0.36 v 
(Low State} 

Output Leakage 16' 114 v 6, v 14 =4V 5 µA 

Output Capacitance C6' C14 V6' V14=0 
Boonton Bridge 8 pF 

INPUT LEVEL: Maximum permissible "low" level 0.8 V. Maximum required "high" level: 1.25 V. 

RECOMMENDED OPERATING CONDITIONS: 

The above test specifications characterize the terminal properties of the circuit under one set of conditions. They in no way limit 

the circuit to be used under different conditions where certain advantages may be achieved. In general, excessive heat generated in the 

circuit presents the largest factor in degrading the performance of the circuit. For noise immunity greater than 0.5 V and operating 

speed within 20% of 25°C speed, junction temperature must be kept within 0-125°C. The circuit dissipates 350 mW with V CC = 4.5V±10% 

and full load. (F/O = 3 CTµL Gates.} 

Maximum thermal resistances of the package from junction to air are: 

100°c/w in still air 65°C/W with 200 feet/min air flow 50°C/W with400feet/minairflow 

For example, the circuit may be operated in still air at TA = 90°C with V CC = 4.5 V ± 1Cl%. Higher ambient temperatures are possible 

in moving air, as can be calculated from the data above. 

The outputs of the MµL 9030 may be "OR-ed" with the outputs of different words. Each output terminal represents 8 pF capacitance 

and 5 µ.A leakage current. The limit on OR-tying outputs is the degradation of switching speed that the user can tolerate due to added 

capacitance. 

Fan-out of the MµL 9030 can be increased to 15 with only a slight increase in delay by buffering with the CT µ.L 965. 

SWITCHING TIME: 

Load Resistance: 1 k to -2 V - Load Capacitance: 10 pF probe and jig capacitance - Input waveform rise and fall time: 6 ns 

These tests are for correlations only. While t 1 through t4 do not change with varied loads, t 5, t 6, and t7 may differ under different 

output loading conditions. 

SWITCHING TIME: 

NOTE: 

!1: 25 ns MIN. 

t2: 10 ns MIN. 

t 3: 10 ns MIN. 

14: 10 ns MIN. 

15: 25 ns MAX. 

t 6: 25 ns MAX. 

t 7: 25 ns MIN. 

I) DOTTED LINES REPRESENT CELL 

STORING "LOW" LEVEL. 

2) 17 REPRESENTS TIME INTERVAL 

BETWEEN READ PULSES FOR 
ERROR-FREE READOUT. 

WRITE 

DATA 

READ I 

OUT 

I.BY 

50% __,,__-,------50% 
11 

' GND. LEVEL 
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15 
--+----'---l.5V 

,__1~6 --- .5V 

l.SV 



SPECIAL CIRCUITS COMING SOON 

Type Function 

Dual NOR Gate 
Triple AND Gate 
Dual 4-lnput AND Gate 
8-lnput AND Gate 
Dual Buffer 
Dual 3 & Single Input AND Gate 
Quad Single Input AND Gate 

CTL9852 
CTL9853 
CTL9854 
CTL9855 
CTL9856 
CTL9864 
CTL9865 
CTL9866 Quad 2 Input AND Gates, One Pair W /OR Tie 

CTL II 
The first CTL II circuits to be announced will be pin-for-pin replace
ments for the present CTL gates, buffer and inverter. The gates will 
be 3 nsec max, and buffer and inverter will be 8 nsec max. The 
circuits are as follows: 

9852 Dual NOR gate 
9853 Triple AND gate 
9854 Dual four-input AND gate 
9855 Eight-input AND gate 
9856 Dual buffer 
9864 Dual three-and single-input AND gate 
9865 Quad single-input AND gate 
9866 Quad two-input AND gates, one pair with OR-tie 
9871 Quad two-input AND gates, with OR-tied pairs 
9872 Same as 9866 but without 2K load or input resistors 

"'" GNDS 

9852 9853 

14 

u 

12•~ 

nv .. 

.... 10 ,.,, 

9854 9855 

" 
u 

l2Vcc 

uv .. 

.... " .... 

9856 9864 

14 

u 

12Ycc 

nv .. 

" 

14 

u 

"'~ 
llV11 

10 

4-134 

Type 

CTL9871 
CTL9872 

CTL MSI 
CTLMSI 
CTL MSI 
CTLMSI 
CTL MSI 

GND5 

CTL MSI 

9865 

'"" 

Function 

Quad 2 Input AND Gates, W /OR Tied Pairs 
Same as 9866 but without 2K Load or Input 

Resistors 
1 Out of 8 Decoder 
4 Bit Comparator 
4 Bit Multiplexer 
4 Bit Latch 
Dual Full Adder 

9871 

9866 

Following the above CTL II will be CTL MSI. The first six CTL circuits 
will be: 

1 out of 8 Decoder 
4 Bit Comparator 
4 Bit Multiplexer 
4 Bit Latch 
Dual Full-Adder 
4 Bit Shift Register 
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