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SECTION 1

INTRODUCTION

The objective of this stud y was to provide a compar at ive anal ysis of

the radiation response of the TTL (transistor—transistor—logic) and ECL

(emitter—coup led—logic) devices l i st e d  in table 1. This table is comprised

of the five TTL families and two types of ECL gates. The five TTL families

.Ir l ’  standard , High Speed , Low Power , Low Power Schottky , and Schottky. Quad

d ual input NAN D (TTL) or NOR (ECL) gates and Dual D fli p— flops from each TTL

famil y - m d  ECL type were characterized . The three types of rad iation tests

p e r f o r m e d  on these devices wer e  gamm a dose—rate logic upset , total gamma dose

s u r v i v a b i l i ty , and neutron f lu e n c e s u r v i v a b i l i t y.

‘l’he e x p e r i m e n t al  low power Schottk y NAND gates l i sted in t ab le  1 were

produced under  an Air  Force Weapons Labora to ry  (AFWL) con t rac t  F296 O1 —73—C—

0048 , “Bi po l a r  MSI (Med i um S’ale I n t e g r a t i o n )  H a r d e n i n g  S tudy . ” These NAND

gates  ar t ’  d i e le ct r  i ca l l y i so la ted , and have sha l low j un c t i o ne d  a rsenic  doped

emi t  t e r s  and d iode  ph o t o c u r ren t  compensat  ion.

The d i  ffer 1.’nce in p e r f o r m a n c e  and c i r c u i t  o p e r a ti o n  of the f i v e  TTL

f a m i l i e s  and the  ECL g at e s  is p resen ted  in appendix  A.

1
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Table 1

LIST OF DEVICES TESTED

Function Device

TTh NAN D SNS400J TI Standard
TTL NAND SN54HOOJ TI High Speed
TTh NAN D SN54LOOJ TI Low Power
TU NAND SN54SOOJ TI Schottky
TU NAND SN54LSOOT TI Low Power Schottky
TTL NAND SN74LSOOJ TI Low Power Schottkv
TTL NAND Experimental* TI Low Power Schottky
ECL NOR 950459 Fairchild
ECL NOR MC1O1O2L Motorola
TTL D Flip—Flop SN5474J TI Standard
TU D Flip—Flop SN54H74J TI High Speed
TU D Flip—Flop SN54L74J TI Low Power
TTh D Flip—Flop SN54S74J TI Schottky
TU D Flip—Flop SN54LS74J TI Low Power Schottky
ECL D Flip—Flop 952859 FairchIld
ECL D Flip—Flop MC1O131L Motorola

* The devices labeled “Experimental” were produced by Texas Instruments
(TI) for experimental purposes. The devices contain arsenic doped
emitters and are not commercially available.

2
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SECTION II

ELECTRICAL CHARACTERIZATION TESTS

The test devices were electrically characterized before they were

subjected to the radiation environments. The electrical tests were

performed on a Fairchild 5000 integrated circuit tester. All the NAND

and NOR gates listed in table 1 were subjected to approximately the same

electrical tests. Likewise, all the D flip—flops were subjected to similar

electrical tests. The electrical tests performed on the devices were output

voltage, power supply current, input current , propagation delay times, and

short circuit output current (not performed on ECL devices). The output

high and output low voltages were measured on the TTL devices with the

following source and sink currents applied :

Device Type Source Current Sink Current

Standard 400 l~iA 16 m~

High Speed 1 mA 20 mA

Schottky 1 mA 20 mA

Low Power 100 hA 2 mA

Low Power Schottky 400 pA 4 mA

These sink and source currents represent a fanout of ten. The electrical

tests were performed on the ECL devices with each output loaded with a 50—

ohm resistor connected to a minus—two—volt power supply.

S 
Appendix B contains a detailed description of the electrical characteri-

zation tests performed on the TTL and ECL devices.
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SECTION III

TRANSIENT RADiATION TESTS

1. TEST PROCEDURES

Figure 1 shows the schematic of the genL Lest setup used for the

transient radiation logic upset tests. The TTL load is used to simulate

an approximate fanout of ten. The values of RL for the different TTL

families are:

Standard , High Speed , and Schottky — R
L 

= 2O0~d

Low Power and Low Power Schottky — R..
L 

800l~

A 0.1 pF capacitor is applied in parallel with the power supplies to hold

them constant during the radiation pulse. Fifty—ohm terminators were used

• at the oscilloscopes to reduce reflections down the coaxial cables.

The LHOO33C unity gain line drivers were used with a divide—b y—two

resistive divider to prov id e the necessary drive for the 50—ohm terminated

coaxial cables. The NAND and NOR gates were irradiated with both inputs DC

biased either at their input high voltage or their input low voltage to get

the necessary output low and high voltages , respectively. The D fli p—flops

were biased dynamicall y during the radiation pulse as illustrated in figure

2.

The transient radiation tests were performed at the AFWL Flash X—ray

facility. The pulse width produced by this FXR is approximately 20 nano—

seconds. The output voltage of the devices was monitored during the

radiation pulse. Logic upset threshold for the ‘
~FL NAND gates is defined

as 0.8 volt for the output low voltage and 2.0 volts for the output 
h ig h4
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v i t age. For the ECL NOR gate s  the  l o g i c  upset  t h r e s h o l d  is d e f i n e d  as

— 1.100 v o l t s  and — 1.500 volts for ou t p u t  h igh  and o u tp u t  low v o l t a ge s ,

respect i v e  I 
~ 
. The 1) f l i p — f l o p s  l o g i c  upse t  t h r e s h o l d  occurs  when the

r a d i a t  ion p u l s e  causes the f l i p — f l o p  to change s t a t e .  Three dev ices  of

each d ev i c e  t y p e  were t es ted . The dev ices  were  t e s t e d  at  the  f o l l o w i n g

t r a n s i e n t  dose r a t e s :

NAND and NOR Gate s  D F l i p—Flops

1. 8 X 10 8 r a d ( S i ) / s  2 X 10 8 r a d ( S i )/ s

~.6 X 10 8 r a d ( S i ) / s  4 .4 X 10 8 r a d ( S i ) / s

7 .2 -\ 10 8 r a d ( Si ) / s  7 x 10 8 r a d ( S i ) / s

1. 4 x ~~~ r a d ( S i ) / s

3 .2  x ~~~ r a d ( S i ) / s

6 X i0~

2 . TEST RESULTS

A l l  t h ree  devices of each p a r t i c u l a r  type  exh ib i ted  a p p r o x i m a t e ly  the

same t r a n s i e n t  rad iat ion resp onse .  the la rges t  tes ted  t r a n s i e n t  dose—ra tes

it which ~i I  1 the  t es ted  dcv icc’s opera ted  w i t h ou t  l og ic  upset  a re  shown below :

D e v i c e  Type Dose—Rate

SN~ 40OJ 7 . 2  X 10 8 r a d ( S i) / s

SN 54H OOJ 7 .2 X 10 8 r a d ( S i ’) / s

SN S4SOO J 7 . 2  X 10 8 r a d ( S i) / s

SNS4L OOJ 3 .6 X 10 8 r a d ( S i ’) / s

SN 54LS OOT 3.6 X lO~ rad(Si)/s

E x p er i m e n t a l  3 . 2  X iO~ r a d ( S i ) / s

7
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Device Type Dose—Rate

950459 3 .6 X 108 rad(S l)/ s

MC1O1O2L 3.6 X 108 rad(S i)/ s

SN5474J - 4 .4 X 108 rad(Si)/ s

SN54H74J 4 .4 X 108 rad(Si)/s

SN54S?4J 4.4 X 108 rad(Si)/ s

SN54L74 3 2 X 108 rad(S i )/s

$ SN54LS74J 2 X 108 rad(Si)/s

952859 4 .4 X 108 rad(S i)/s

MC1O13IL 4.4 X 108 rad(Sl)/s

Graphs illustrating the complete photoresponse of the TTL NAND and ECL

NOR ga tes are shown in figures 3 through 10.

Appendix C contains oscilloscope photographs show ing the rad iat ion

response of some of the devices tested .

The Standard , High Speed , and Schottky TTL dev ices are more res istant

to the t~~ nsient ionizing radia ’. ion than the Low Power and Low Poser

Schottky TTL devices. The higher current densities of the Standard , High

Speed , and Scho ttky TTL devices will sweep out the hole—electron pairs

genera ted dur ing the transient radia t ion pu lse more ef f ic iently than the

lower curren t densities of the Low Power TTh devices. Similarly , s ince

ECL opera tes at high current densities , the ECL D flip—flops exhib it the

same failure threshold as the Standard , High Speed , and Schottkv TTL D

flip—flops. However , the ECL NOR gates exhibited a lower failure threshold

than the Standard , High Speed , and Scho tt ky TFL NAND gates. This discrepancy

— L__ r -
- ~~~~~~~~~~~~~~~ 
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may be due to the Ia I I nr c  t Itrosho Id s b e i n g  d e l i  ned too con serva  t I v et  v

The expe r Imen ta I arsenic doped em ! t t er ‘I’ll. NANI ) ga t ‘s p roduc ed  by Te x i s

Instruments were an order  of magn It tide h a r d e r  t 0 t lit ’ t ra us tent Ion! lu g

rad iat ion than the equ I v a t  en t  Low Power Scliot t kv devi ces (SN 54LS00’I’)

These experiment a 1 ga t ‘s are d tel cc t r lea 1 1 y I so Ia ted antI have cx rome I v

snia I i geomet r tes and d lode phot ocu r rent t’ompelisa t I o n .  These f t c  t ors res im i t

In the Increased dose—rate hardness.

The NAN I) ga t ‘s arc harder than the 1) f t  I p—f lops ci tim e sanie i ’ l l .

t t ’& ’iiim o I ogv . 11w I) f I t  p — f l o p  Is so I t ci t o t he i-ad fat I on j MI I sc bt’t’ati ~ t ’

after the clock pui sc , the 1) ft p—F i op is a memor v dcv ice (set’ I I gim r c

Therefore , the I) fI ip—f lop wi I I be more suscept lb I ~‘ to a pertu rhat ion

cati st’d by the t raims lent rad I at ion Pu 1st’ t h a n  I l ie NAN !) g:l t e , whose out  pu

is direct I y depe~ dt ’nt on the Inpu t dur Ing the pu 1st’ .

I) 
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SECTION IV

TOTAL GAMMA DOSE RADIATION TESTS

Thr ee dev ices f rom each dev ice typ e listed in tab le 1 wer e irr adiated

with the Cs—137 gamma ray source at Sandia Laboratories. The devices were

exposed to a total gamma dose o f app roximate ly 1.5 X 10~ rads(Si) .  The TTL

devices were DC biased with + 5 volts on VCC and all inputs open during the

radiat ion.  The ECL devices were irradiated with no bias app lied . The ECL

devices were not biased due to th e lar ge power consumption of the devices

and the heat produced by the Cs—137 source. The devices were electrically

tested before  and a f t e r  the total  gamma dose irrad iat.ion . Ther e was no

appr eciable dif f er ence in the  prei rr adi ated tests and the post ir radiated

tests. Th is is reasonable since t h e displacem ent ef f ect in bul k silicon

caused by gamma rays is minimal.

18

~~~~~~~~~~ --—- ~~~-



_ _ _ _ _  
‘-T

~~~’~ ~~~~~~~~~~~~~~~ 
_ 5’

~~~~~~~~~~~~~~~~~~~~~
,5’-

~~~
-

~~

SECTION V

NEUTRON FLUENCE RADIATION TESTS

1. TEST PROCEDURES

Three or four devices from each device type listed in table 1 were

irradiated with the fast burst reactor at Sandia Laboratories in incre-

mental -neutron fluence levels. After each Incremental radiation dose was

reached , the devices were electrically tested . The cumulative neutron

fluence levels at which the devices were electricall y tested were approx-

imately 2.8 X 1012 n/cm 2
, 6.9 X l0’~ n/cm 2 , 1.4 X 10” n/cm 2 , 7.3 X l01’4

n/cm 2
, 1.2 X l0’~ n/cm2

, and 2 X 1015 n/cm 2 . These fluence levels are 1

MeV equivalent. Approxima tely 80 devices were irradiated simultaneously

with no electrical bias app lied to them. Output voltage failure thresholds

for these tests are the same as defined for the transient rad iation tests.

2. TEST RESULTS

Appendix D contains the neutron fluence test data that were gathered

on the devices listed in table 1. These data are presented in the form of

tables. Upon examination of these data , it Is apparent that the neutron

fluence survivability threshold for a particular device type is approximatel y

the same for the NAND or NOR gates as for the D flip—flops of the same type.

The largest tested neutron fluences at which all the tested devices will

operate before the output voltage failure threshold occurs are shown below :

Standard TTL
(SN5400J and SN5474J) 1.4 X 10”' n/cm 2

High Speed TTL — 4.6 X lO h I n/cm2

(SN54HOOJ and SN54H74J)

19
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Scho ttky TTL 1 .2 X l0’~
’ n / cm 2

(SN54SOOJ and SN54S74J)

Low Power TTL l .!~ X 10
1k n/cm 2

(SN 54LOOJ and SN54L74 , I )

Low Power S ch o t t k y  TTL = 1.4 X 10 1~ n / c m 2

(SN54LSOOT and SN54L5743)

Experimen tal TTL 7.3 X 10 ’” n/cm 2

Fairchild ECL 4.6 X 10 ’” n/cm 2

(950459 and 952859)

Motorola ECL = 4 .6 X is’” n/t’m
(MC1O1O2L and MC1O13IL)

All the TTL devices failed when the output low volt age became larger

than the failure threshold. Figure 11 provides graphs of the averaged

Output voltage of the different IlL families versus neutron fluen~’e. The

Fairchild 5000 was not allowed to measure grea ter than 1.638 volts for the

output low voltage for the TTL devices. As can he seen from this figure ,

the degradation of the output voltage is very gradual until the devIce

fails. At the point of failure , the output low voltages rise suddenly .

These output low voltage failures In the ITI, devices are a result of the

neutron—caused bet a degradation of Qi shown in figure 12. When be ta is

decreased sufficientl y by the neutron radiation , the sink curren t be ing

forced at the output will cause transistor Ql to come out of saturation

and enter the linear region of operation. As a result of the transistor

entering the linear region , the collector—emitter voltage (V cF
)
~ 

which

equals the output low voltage , increases to failure. S in c e  the sink curren t

simula tes a fanout of ten , the outpu t low voltage failure thresholds are

correc t for this worst ease condition. However , If the NAND gates were

20
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Figure 12. Schematic of a Typica 1 5400 Series Nand Gate.

22



-- 5’

~~~~

5 ’ 5 ’  ‘
~~~~~~~~~~~~~~~ ::~~ 

:_
~
-
~~

1_ _ 
~~~~~

- -  ~~~~~~~~~~~ 
‘

~~~~~~~~~ 

-

tested with a smaller sink current , which Is equivalent to a smaller

fanout , the output low voltage would not have failed until a higher neutron

fluence level. This conclusion cannot directly apply to the TTL flip—flops

bec~a..C. one of the internal gates, which does not have the same circuit

design as the 5400 series NAND gates, may fail before the output NAND gates

of the flip— flop. In ECL gates, the transistors operate primarily in the

linear region; therefore , the circuit operation is more sensitive to

degradations in beta , and the neutron—caused beta degradation ultimatel y

causes the voltage failures.

The other electrical parameters tested on the devices (power supp ly

current , input current , and propagation delay times) did not deviate

appreciably from their maximum or minimum specifications before the

output voitage changes caused failure. The input and power supply

currents generally decreased due to the beta degradation .

A8 shown above, the High Speed TTL, Scho ttky TTL, and ECL gates

operated at larger neutron fluences than the lower power TTL devices.

The neutron—caused displacement damage in these devices results in

decreased recombination lifetime in the base. If the emitter areas and

the base transit times of the transistors of the different TTL families

are assumed approximately equal , then the recombination rate/carrier is

less for devices which operate at higher currents (ref. 1). This exp lains

why the higher—power devices are more resistant to neutron radiation.

1. Larin, Frank , Radiation Effects En Semiconductor Devices, New York, NY,
John Wiley and Sons, Inc., 1968, pp 159—169.
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The Texas lnstruments Experimental arsenic doped emitter TTL gates were

much harder to the neutron radiation than the equivalent Low Power Sehottk y

devices (SN54LSOOT) . The very sharp arsenic doped emitter profile in these

devices is primarily responsible for the increased neutron hardness. The

resulting abrupt emitter—base reg ion width decreases the amount of emitter—

base depletion region recombination , resulting in increased neutron hardne ss

(ref. 2).

2. (‘.wyn , C.W., and Gregory, B.L., “Designing Ultraha’id Bipo lar l’rinststor~~ ,
Sand i~’ Laboratories Technical  Repor t , September 1971.

24



-- -~~~~~ - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~ --~ --

SECTION Vi

CONCLUSIONS

This report shows that , ~f the commercially available TTL devices,

the High Speed and Schottky devices are the hardest to all the radiation

environments. However, as shown by the Experimental NAND gate data , the

Low Power Schottky devices can be made very hard with dielectric isolation,

small geometries, and arsenic doped emitters. The ECL devices were not

harder than the higher—power TTL devices, even though their power consump-

tion is much higher. This is probably due to the linear operation and

small noise margin of ECL. As expected , the NAND gates were more resistant

to the transient radiation pulse than the D flip—flops , since the flip—flops

¶ are memory devices. A variation in the electrical testing of the output

voltage would have been beneficial. The output voltage of the devices could

have been tested for various fanout sink currents instead of just for a

fanout of ten. This would have provided more information to the designer

on neutron survivability of the gates for less than worst case conditions.

25
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APPENDIX A

Ill, AND ECL C I R C U I T  PERFOR MANCE AND OPERATION

fh t ~ F ive  IlL f a m i l i e s  and ECL gates can be class If Led as either sat urat ing

or n on sa tu r a t  ing l og i c .  The S tandard , Low Power and High Speed TI!-. c i r c u i t

f a m i l i e s  he I t _ in g  In the s a t u r a t i n g  logic  c a t e g o ry .  The IlL S ch o t t k y  , TTL Low
Power Schot t k y  and ECL circuit fain t l i e s  be l ong  in t h e  n on s at u r at  1mg log ic

c a teg o r y .  N on sat ur a t  1mg log Ic  d i f f e r s  f rom s a t u r a t e d  logic In that the  gates  In

the  Lu L et  c at e g o r y  conta in t ran s  i stors w h i c h  s a t u r a t e  d u r i n g  c i r c u i t  operat  ion .

As .i rosti li , ~xc~~~s charge  Es s t o re d  In t he b:ise of the sat nra ted rans l~~t or
re’s,, I t  i ng In s lower  response and pr op agat  Ion dcl av t irne

Tl,&. Low—Powe r Tl’L gate  uses loss powe r t ban the Standard ’!’!’ L gate . wh I h I s

shown in f i g u r e  12 of the t e x t  . This  lower power resu It  s in slower p r op a g . i t  ion

de l ay  t Imes as compa red to the  s t anda rd  TTL t ee-hno logy . S im I I ar  1 y , the H I gli

Speed IlL devices use more power than the Standard TTL dev ice s  to g a i n  the

increased speed . The power consumpt ion and speed are p r i m a r i l y c o n t r o l  led by

the  r e s i s t o r s  In these g at e s .

The Sc h o t t k v  (S) and Low Power Schot tky (LS) T’i’I, t echnologle’s are s i m I l a r

to the Low Power and 111 gb Speed TIL techno log it ’s , respect  Eve !  v .  However , t he

S ~~d LS ITt. techno l ogv g a t e s  cent a in Scho t I ky c lamped t r an s  1st ors to p r ev e n t

them from cut  or lug  the  sa Lu r a t  ion region of operation. Tlif s result s in dec reased

propaga t ion  dc l  av t Inc for a given current due to the absence of base excess

charge  caused by sat u r a t  ion .  The Sehot I ky c Limped t r ans  1st  ors ope ra t e  at  the

cc of sat  u ra t  ion when they ’ re i n a g iven st a t  t

The ~Cl. ~iov [ct’s art’ capable of much fast or speeds than  t h e  IlL technolog ies.

The ECL gates  are designed fo r  a small out put v o l t  age swing ,  h I g h  power e’onsumpt Ion ,

and l i n e a r  t r a n s i s t o r  opera t ion i t _ i  at  t a l i i  i n c  roased speed s over ot her t echut ’ log it ’s .

T ab le  A — I  o t this appendix I l l  ust  r at e s  the power speed re I a t  lens!, i ps 0! t h ose

TTL and ECL families .
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Table  1. TTL AND ECL POWER SPEED RE LA TI ONS HII’ S

Technology T y p i c a l  P
~ 

Gate  Typ ical  t Gate

Standard TTL 10 mW 10 ns
Low Power TTL I mW 33 ns

High Speed TTL 22 mW 6 ns

Low Power Sehottky TTL 2 mW 9.5 ns

Schottky TTL 19 mW 3 us

ECL (Fairchild 95K series) 25 mW 2 ns

4

4

2 7
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A P P E N D I X  B

ELECTRICAL C h ARACTER I ZAT I ON TESTS

Tb Is appendix con t  a ins  a dot a I led dose r i Pt ion of t h e  e lect  r i t - a l  ch arac  I or I za—

t ion tes ts  per formed I) fl t he TTL and ECL d e v i c e s  l i s t e d  In table I of the t e x t

These t e s t s  we’re per formed at the A i r  l-’o r e -c Weapons Laboratory on the Fa I r i - h i  I d

50t)0/5800 ! nt c g r a t cd  C i r c u i t  ‘!‘e st er .  F i g u r e s  II I  through H I  2 contain the  t e ’st s

p e r f o r m e d  on t h e  Ill. NAN !) gates and I) f l i p — f  lo i e~ . Figures HI 3 th rough  B !9 coi,ta iii

the tests performed on the ECL NOR gat cs and D f l i p — f  h o p s .

4.

I

28

_ _ _ _  -~~~~ -~~~~~~~~~~~~~~~~~ --~ -— --- -~~~~~~~~ - - - - - -5’~~~~~~- - ~~~~-. -~~~~~~~~~~~~~ --



-55’
~~

_5’--5•

~
_ 5 ’  

~~~~~~~~~~
— - - -

~~~~~~~~~~~~~~
- --- • 

~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~

- Ycc
‘SINK TTL TYPE
16 mA STANDARD

L ‘ 20 mA HIGH SPEED —

20 mA SC HOT IKY
-
~~ I H 

+ 2 mA LOW POW ER

V ol ‘SINK 
V CC _ . 5V 

LOW POWER SCH O TTK Y

F i  ;uro ! I . TI! Output Low V olt age

2 C)



-_- _. 
~~~~~ ~~~~~~~~~~~ :r~~~

-
~~~~~ 

-

4.5 V ~CC ‘ SOURCE TTL TYPE

V II 

~SOURCE 
SCHOTIKY

F ig u r e  B2 . IlL Out put  H i g h  Vo l t  age (V t~H
)
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A P P E N D I X  (I

PH O I’OR ES PONS E PhlO’l’OCRAPIIS

Ft  gur es  C — i  through C—S of t h I s  append ix  i l l  ust  r a te  the  e’ut put  p un t oresponse

ot  the I i  VO IlL fcun i ly NAND gates. These photographs i l L  cist r a t e  character 1st Ic

cli ’so r a t e ’ response of each TTL technology . As can be seen by tlie ’sc’ pit -lures ,

the Low Power and Low Power Schot tky TTL technologies have a longe r recovery

I ime t han t he  h i g h er  power Standard , H i g h  Speed and Schot t ky TTL t echno l og It ’s .

I’he Ii [gh cur r ent dens it Ii’s of the  S tandard , High  Speed , and Schot t kv t echno b c  los

me’ re rao I dlv sweeeout t he hole—el e’c t ron pat r s generated during t ho t rat e s l en t

r a d i a t  ion p u l se .
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Al ’PE N J )  I X  1)

NI-:U I RON Fl ,  I T N C E  1 1-1ST DATA

Th is appe n d i x con t  a in s he t ~- s t  d a t a  got  lee r ed on each dc-v ~ce exposed to t he

n oei t  ron I luence- i r r a ( h i a t  tot -i .  The data r es eu l ted f r o m  t h e  e l e c t r i c a l  t e s t s  p e r f o r m e d

on th e  Fa I rcli i Id  5000 i n t e g r a t e d  ~- i  ru - n i t  t e s t e r fob lowing c i l e h i  i n c r e men t a l  neu t  ron

I r r ad  lot  ion. The da t a  a re’ p resen t  ed in  t ab  I u-S i l l  ecst r a t i n g  the  s p e c i f i c ’  e l e c t  r i c a !

pa r a me te r measu r ome -fl t s f o r  c ’a c h  c u m u l a t i v e  f lout  ron f luence  level  . ‘l he units for

e , i e h  e’ umu I at ive e to u t  ron f 1 uenc’e I c ’ V e ’ I a r e n / u-rn ’ 
. I-:acle c’lest  r lea I p a r a m e t e r  l i s te d

shic ’w ~ t he wors t  case m eas cu  r e-mont  f o r  t h a t  p a r a m e t e r .  For ex amp b e , cas h SN 54 00J

NAN! ) cat c packaged c l ip  u sui t a l - i s  f o u r  N A N I )  g e t  os. Hence  t he  SN 5400J o u t p u t  low

vs I t a g u - measu r e m e n t s  (V~~ ) shown on t h e  t a b l e  are Flu e hi  ghest  or wors t  case

rne-,isurome ’ul t s of the four gates on tica t d e v i c e .  The Fa I ru-li i i  d 5000 was not all owed

to measure- a vol tOge ~ gr 5 - i t  or  t h a n  I . (i38 v o l t s  fo r  Fl e e o u t p u t  low vo l t ages  of

F l ee ’ i’lL dcv is  es . However , t l i i  s I s suf I I c  i en t ~i i c - i c e  f a i i  u re  has a I ready o c c u r  rod

a t  t h i s  point.

The cno ius t l r eme n t  s made on the ’ SN S - ’i I .OO. I dc -v i u’es do runt I n c l u d e  measu remen t s  made

at  -~ . ~ x 10~ 
- , n / c m  f i  eueu iu ’ e I eve b due to an error. However , measurements  weru-

macit ’ on t he SN ‘ - +  L7- ~ t dcv Li -es a t  the  is l e V e l . Thee measu remen t s  on the  l a t t e r

uleV i~~e ’ sIis’w~’~i t h e a t  i t  fa  l i e d  ~i t  -‘~ . ii x 10 1 1 4 
Ii f e r n  . TItus , t he -se ’ do to m i  c’Ot c

t ha t  t ice out pe l t  f , i i i  nr c  t I c  rosho 1 d t s r  t h e  low power I l L  t e c h n o l o g y  .1 i u s  bet ween

1 . -~ x 10 1 1 and i . 6 x 1 O h h i n / c m .  1\ iso no Ic F heat t he  ECL N OR got es were k - st  eel

i t  only F l i t ’ l e i  g lue - r no et  t ron 1 1 uCtice- l e v e l  s . S ince ’  da t  a had u I ready been go t i l e  red

sic I he’ ECI , I) f l i p — f !  s ’ps , t i m e  wa s  saved b y i r rad l ot  i ng f i r s t  a t  l i i  g l i e r  n e-ut  ron

f 1 te en s  es . l’lec P ~~t ’~ ) i i ~~ i I I on d C  I ~cy t i mc m e a s u rem e n t s  shown on t hee tables a Fe  no t

va L i d  f~i r t he ennu i h a t  i V u ’ n eu t  ron f I tieiices at  wle ic-li the s u i t  pe lt  vol to ~ e’S f~i l b  ed
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AFWL-TR- 78- S

MEASUREMENTS ON DEVICE NUMBER 1, DEVICE TYPE 950459

TEST PRE RAID ,57E+ l 5  b . O E + b 5

VOL (VOLTS) — 1 . 6 6 1  — 1 . 5 9 6

VOH (VOLTS) — .9197 — .9776 — 1.191

ICC (MILLLAMPS) 52.92 47.21 39.83

IlL (MILLLAMPS) 1.712 1.716 1.789

I1H (MILLLAMPS) 2.195 2.510 2.792

TPHL (NANOSEC) 4.12 2.97 1.05

TPRL (NANOSEC) 3.70 2 .42  1.97

TPLH (NAI4OSEC) 3.80 3.90 *

TPLH (NANOSEC) 3.77 3.72 *

* Measurements are not valid due to the shift in output vcl tage .
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AFWL-TR—78-S —

MEASUREMENTS ON DEVICE NUMBER 2 , DEVICE TYPE 950459

TEST PRE RAD .57E+15 1.OE+15

VOL (VOLTS) —1.688 —1.627 —1.559

VOH (VOLTS) — .9287 — .9776 —1 .552

ICC (MILLIAI4PS) 48 .07 43.80 37,82

IlL (MILLIAMPS) 1.569 1.566 1.584

I1H (MILLISMPS) 1.968 2.218 2.489

TPHL ( NANOsEC ) 3.65 2 .85 1.75

TPHL (NANOSEC) 3.40 2.57 1.57

TPLH (NANOs EC) 3 .72 3 .75 *

TPLH (NAi - - - )  3.55 3.65 *

* Measurements are not valid due to the s h i f t  in output  voltage .
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A F WL— TR — 7 8 — ~‘

M E A S U R E M E N I S  ON D E V I C E  NUMBER 3 , DEVICE 1’YPE 950459

b E S I PRE RAD .57E+ 1S 1.OE+ l5

VOL. (VOLTS) —1.696 —1.581 — l • 509

VOH (VOL i S) — .9 2 3 3  -1. 012 -1.305

ICC (MILL IAM PS ) 52 .36 45 .70  37 .49

I lL  (MILLIAMP S) 1.77 2 1.769 1.973

llH (MILLIAMPS) 2 .315 2 .i—i ]2  2 .932

TPHL (NANOSEC) 3.35 2.35 1.07

TPHL (NANOSEC ) 3.77 2 .10 1.00

TPLH ( NAN0 SEC) 4 .12 3. 82 *

FpLH ( NANOSEC) 3.67 3.77 *

* M e a s u r e m e n t s  ore  not valid due t o  the  s h if t  in o u t p u t  v o l t a g e .
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AF 1JL—T R— 7 8— 5

MEASUREMENTS ON DEVICE NUMBER 1, DEVICE TYPE MCI O 1O2L

TEST PRE RAD .57E+15 l.OE+15

VOL (VOLTS ) — 1.7 13 — 1 .690

VOH (VOLTS) — .8993 — .9516 — 1 . 1 1 7

ICC (MILL IAMPs ) 21.10 19 .32 18 .50

IlL (MICROA MPS) 35.04 31.66 2 7 .69

IIH (MILL IAMPS) .1426 .1o23 .3066

TPHL ( NANOSEC) 3.00 2 .60 2 .50

TPHL (NANOSEC) 2 .80 2.45 2.00

TPLH ( NANOSEC) 1.00 1. 25 1.60

TPLH ( NANOSEC) 1.00 1.40 1.90 
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AFWL-TR- 78- 5

MEASUREMENTS ON DEVICE NUMBER 2 , DEVICE TYPE MC 1O 1O2L

TEST PRE RAD .57E+15 1.OE+15

VOL (VOLTS) —1.702 —1.672 —1.642

VOH (VOLTS) — .9310 —1.016 —1.1520

ICC (MILL LAMPS) 20.82 19.12 18.38

IlL (MICROAMPS) 70.45 65.50 61.28

IIH (MILLIAMPS) .1400 .2371 .3924

TPHL (NA14OSEC) 3.00 2.50 1.90

TPHL (NANOSEC) 3.20 3.00 2.40

TPLH (NANOSEC) 1.20 1.42 1.60

TPLH (NANOSEC) 1.50 2.00 2.70
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MEASUREMENTS ON 1)EV I CE NUMBER I , DE V 1CE TYPE M Ci010 2 1,

TES-r PRE RAD . u l E + l 5  1 .O / i 4 1

VOL (VOLTS) — 1. 7 12 —1.70 1 — 1 .640

VON (VOLTS) — .9090 —1 .010 — 1 . . i h

ICC (MII.LIAMPS) 20.97 19 .50 1 8. 11

I l L  (MICROAI’il ’S) 38.99 35 .6 3

[IN (MILLIAMPS) .1164 •2 l 1 c  .

TPHL (NANOS E C) 2 .10 .‘.SI

TPHL (NANOSEC) 2 .10 2 .9 c  2 .90

TPLH (NANOSEC) 1. 30 1.75 1 .90

1’PLH (NANOSEC ) I .00 2.00 2 . 10

SI  
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