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1. GENERAL DESCRIPTION AND JUSTIFICATION OF MODIFICATIONS

A computer program tailored for EMP damage analysis of solid-state
circuitry has been developed by modifying the existing TRAC network
analysis prognamn, This report is intended to supplement the TRAC user
~manua1,1 asies !iﬁijéﬁ§€$ the reader is familiar with the TRAC circuit
analysis program. A free-form input version of TRAC is used by DAMTRAC.
(This version of TRAC was devised by HDL staff member, B. H. Audet.)

DAMTRAC is programmed for use with CDC 6000 series computers.

[

In the past, damage analysis by TRAC was performed by redrawing the
circuitry under consideration and inserting additional "ghost" branches
to handle p-n junction behavior under reverse bias conditions. A damage-
modeled diode and transistor circuit is pictured in figure 1.

2NX (a) PORTION OF ACTUAL CIRCUITRY
TO BE TRAC ANALYZED FOR
{ ] POSSIBLE COMPONENT DAMAGE
INX#

(b) SAME CIRCUIT, DAMAGE MODELED

ot B4
2NX
gne.,t‘z)
INX v

db Veb
4 IDEAL
| IDEAL _; DOOE
de - diode breakdown voltage Rab = diode breakdown bulk
Veb - emitter base breakdown surge impedance
voltage R.eb - emitter base bulk surge
impedance

V . = collector base breakdown
voltage Rcb - collector base bulk
surge impedance

Figure 1. Schematic diagram of diode and
transistor, old model.

ljohnson, E. D. et al, "Transient Radiation Analysis by Computer
Program VTRAC)," Vol I & II, AD836683, June 1968, Autonetics Division of
North American Rockwell Corp, Anaheim, CA.



For every actual p-n junction, a parallel ghost branch consisting of
series resistor, voltage source; and ideal diode was inserted. The
rationale for this model is that the ghost branch conducts only when a
junction’s breakdown voltage is exceeded, shunting current flow around
the real junction and simulating breakdown avalanche. This is a viable
model for isolated diode and transistor junctions, but problems arise
when the modeled semiconductors are incorporated into actual networks as
evidenced by the simple circuit under consideration. Notice in figure 1b
that V, may cause the transistor emitter base and collector base
junctions to be forward biased, so that the transistor may be dissipating
considerable d-c power, even in its quiescent state. The floating
voltage sources also cause errors in calculated circuit response because
damage-modeled components deviate from their intended operating points.
To model the two-component diode transistor circuit, nine additional
components must be introduced. For larger networks, insertion of ghost
branches is extremely time-consuming,

The DAMTRAC program allows the analyst to enter circuit topology
directly from the schematic diagram with no modifications. Not only is
circuit programming made easier, but DAMTRAC--by eliminating floating
voltage sources--significantly increases the fidelity of the computer
representation of actual circuit response., Elimination of ghost branches
also cuts program execution time considefably, making DAMTRAC less costly
to run. These improvements are realized by augmenting the TRAC
semiconductor models to include reverse breakdown behavior, This
behavior is. accomplished essentially by causing the slope of the junction
I-V curve to equal the reciprocal of the bulk surge impedance when the
junction bias becomes less than breakdown voltage.

For convenience in running the modified TRAC2 program, permanent
files of diode and transistor parameters have been created on MERDC CDC
6600. The files are random-access (word addressable) files using the
industry standard identification codes of the devices as name indices.
Each name index references a record (9 words 1long for diodes, 20 words
long for transistors) that contains the standard TRAC parameters plus
device breakdown parameters. The user has the capability of reading
from, or adding to, the files in course of running the modified = TRAC2
program, For major updates to the files, editing routines are available
from the office originating this report. The semiconductor library, in
addition to cutting programming time, eliminates much duplication of
effort and provides consistent data for given semiconductor devices.

The unmodified TRAC2 program allows the user two methods of
describing grounded voltage sources: either analytically as a



time-function equation inserted in subroutine TRAEQ, or numerically as a
series of time-amplitude data points. The complex waveforms associated
with EMP-induced voltages in antennas and transmission cables are not
easily described analytically, and the 15-data=-point numerical
description allowed by TRAC2 are inadequate for accurate representation
of EMP-induced pulses. The DAMTRAC program will now handle digitized
time functions described by up to 1000 ordered pairs.

An additional program time-saving capability, particularly for
analysis of multitransistor networks, is DAMTRAC's GAUSS subroutine which
calculates the peak and half-width of EMP-induced power pulses appearing
in circuit components. For multiple pulse power waveforms, the
subroutine chooses the pulse that is most damaging, based on maximum
Wunsch-Bell model damage product value (Ppeaktl/z)'

The results of a survey of Army Systems electronics semiconductor
damage data are presented as appendix A of this report.

2, PROGRAM USAGE

Data are entered in TRAC2 fashion with the following exceptions.

2.1 Semiconductor Entry

Diodes and transistors are entered using a new file access
format., To insert a transistor or diode into the network analysis and
simultaneously add the semiconductor parameters to the DAMTRAC file, the
following card format is used.

DIODES: _D(N_,N ) - id/A
__Is,MD,RDL,CDO,VDBI,TD, IPPD,BRKVOL, DAMNK
TRANSISTORS: _?(Nb,Nc,Ne)=PNP-id/A
__ﬁFEN,HFEI,TN,TI,ICS,MC,CCO,VCBI,RCL,IES,ME,
__CEO,VEBI,REL, IPPC, IPPE, BRCVOL, BREVOL, DAMNC , DAMNE
It should be noted that the first 7 diode parameters and first 16
transistor paramenters are identical in sequence and numerical value to

the device TRAC parameters. The DAMTRAC diode and transistor models
require the additional breakdown parameters summarized below.



DIODES DAMTRAC VARIABLE NAME

Breakdown Voltage BRKVOL (n)
Bulk Surge Impedance DAMNK (n)

TRANSISTORS DAMTRAC VARIABLE NAME
Breakdown voltage, collector branch BRCVOL (n)
Breakdown voltage, emitter branch BREVOL (n)
Bulk surge impedance, collector branch DAMNC (n)
Bulk surge impedance, emitter branch DAMNE (n)

These are program variables that may be used in| auxiliary equations.
For example, to refer to the bulk surge impedance of diode No. 3,
DAMNK (3) would be used.

The device id may bellflo alphanumeric characters. If a device's
id is already on file, the old record will be overwritten with the new
data.

To cause the program to read a device's parameters from the
DAMTRAC file, the following card format is used.

DIODES:  _D(N_,N ) - id/R
TRANSISTORS:  _T(N, ,N_,N_)=PNP-id/R
(Of course, the transistor may be NPN,)

The character "R" indicates that parameters are to be read from the file,
and no parameters should follow on data cards.

The DAMTRAC program does not insert default parameters as does
TRAC2, To insert default parameters, read 1NDUMMY or 2NDUMMY from file.
A printout of devices presently on file appears in appendix B,

2.2 GAUSS Subroutine

Subroutine GAUSS scans output plots for maxima, divides the plot
into time regions about each maxima, and prints out the maximum value and
time half-width of each peak. The subroutine is particularly valuable
for use with time history plots of power dissipated in semiconductors.
To call the GAUSS subroutine, the following card is entered with the
piece-part deck:s’ ‘

GAUSS = n



The character "G" must appear in column l. The subroutine searches for
the "n" most damaging peaks on any graph &?ﬁig) 1<n<5. For most
applications n=1 suffices. Imbedded blanks and extraneous characters
before the "=" are ignored.

Appendix C contains a detailed description of the numerical
techniques employed by this routine and the significance of the output.

2,3 Additional TRAEQ Variables

To predict semiconductor damage in a circuit, the power
dissipated in each p-n junction must be examined for amplitude and
duration. Because the likelihood of semiconductor damage is usually much
greater under reverse bias, a separate reverse junction power program
variable is indispensable. DAMTRAC automatically calculates the power
dissipated in all network semiconductor junctions. These powers may be
examined by plotting the following variables:

PWCRRV(n) Diode #n power dissipated under reverse bias
PWCRFD (n) Diode #n power dissipated under forward bias

PWTCRV (n) Transistor #n collector-base power dissipated under
reverse bias

PWTERV (n) Transistor #n emitter-base power dissipated under
reverse bias

PWTCFD (n) Transistor #n collector-base power dissipated under
forward bias

PWTEFD (n) Transistor #n emitter-base power dissipated under
forward bias

2.4 Expanded Time Varying Source Description Capability

2.4.1 Source-Data Handling

This laboratory has been consistently describing EMP-induced
pulses by machine-controlled digitization of oscilloscope traces.
Depending on the complexity of a particular trace and the degree of
accuracy required, as many as 800 to 900 points may be used to describe a
single trace. It was considered desirable that DAMTRAC be modified to
accept such digitization data, so that the accuracy of the program's
analysis would not be limited by user ability to describe transient
 voltages.



An interpreted form of the digitization data is normally
stored at MERDC CDC 6600 computer center on magnetic tape. The
modifications in DAMTRAC were designed with such tape files in mind, but
the file device type is not restricted to magnetic tape. Digitization
data may be input from a card-reader file, permanent disc file, or any
other type of file that may be readily copied to the appropriate logical
unit within the DAMTRAC job. It is emphasized that permanent data files
should be copied to a local file rather than assigned directly by an
ATTACH or REQUEST command. The logical file TAPE7 that contains the
digitization data performs several functions within the program, and will
be written on after digitization data have been read.

Input of source description data to the program begins when
program FREE encounters a piece-part specificiation data card indicating
that voltage source description information is to be read from file,
FREE reads two records containing file identification information from
the file on logical unit 7, then calls subroutine DGSRCE.

Subroutine DGSRCE reads the time-amplitude ordered values
from logical unit 7 and checks the ordering of time points to insure that
the described function is never double-valued. In the event of double
values occurring, points are deleted in the double-valued time region,
the first-read points in the time region being retained. If more than
500 points remain after satisfying the time-order criterion, the data are
divided into 499 time regions and points are deleted until no more than
one point remains in each time region. On completion of data editing,
DGSRCE stores the data and certain control variables in labeled common
for access later in the program.

In the event that an end-of-file is encountered prematurely
on logical unit 7, an informative diagnostic is printed and execution
continues, using either the voltage source values input after the source
specification card, or the analytic function specified in subroutine
TRAEQ,

When program FREE encounters an EXECUTE data card, logical
unit 7 is rewound and an end-of-file written so that the unit may be used
later in program execution.

In the original TRAC2 program, the current amplitude and
slope values of source voltage were defined in the main program from data
points input after a source piece-part specificiation card. If an
analytic function describing the source had been specified in subroutine
TRAEQ, a redefinition of values took place when TRAEQ was called by
subroutine ELMTS. A modification to ELMTS now causes the values to be
redefined in terms of the digitization data after the call to the time
function section of TRAEQ.

10



If the value of program time exceeds the maximum time on the
digitized trace, execution of the program continues, using the amplitude
and slope values defined in TRAEQ or the main program,

In addition to the above described capability, DAMTRAC is now
capable of reading up to 39 points describing a source from data cards
following a source specification card, as opposed to the 15 points
allowed by TRAC2.

2.4,2 Accessing the Expanded Source Description Capability

To access the expanded source description capability, a file
containing digitization data must be copied to 1local file TAPE7 before
loading of the program. Magnetic tapes and permanent disc files should
not be assigned directly to TAPE7 through ATTACH or REQUEST commands, as
TAPE7 is a multipurpose unit that is written on in the course of DAMTRAC
execution. Sample appropriate Jjob control commands are listed in
appendix D.

The file should contain information in the following format.

One record containing up to 80 alphanumeric characters
serving as a file label,

One record containing an integer constant indicating how
many ordered pairs follow, and

One record containing as many ordered pairs as were
specified (in the order-time, amplitude). Up to 1000 pairs may be read.
All records on the file should be the result of unformatted binary
writes,

The user causes DAMTRAC to access this file by a data card
reading:

_Sn=DIGITIZED DATA/F, PRINT

Column one must be blank and the character S must appear in column two; n
is an optional identifying integer, and F is a scale factor by which the
amplitude values read from file will be multiplied. The letter P
following the scale factor causes the filed data to be printed before and
after editing by DGSRCE. The key characters after the equals sign are D
and /. Thus, the card may read:

_S=D/F

11
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One or more ordered pairs of values should follow this card in standard
TRAC2 format. These values serve as dummy definitions of the source.

No more than two sources may be described using filed data.
If two sources are specified to be read from file, the program expects to
find information for the second source immediately after the 1nformat10n
for the first source on logical unlt 7.

To take full advantage of the detailed source description,
the value of end-time specified in TIME REGIONS should be no greater than
the maximum time on the digitized trace. The value of maximum delta time
should be £1/500 of the end-time. As digitized traces are usually more
complex in the early-time region, it may be advantageous to specify more
than one time region for the trace, values of delta time for the
early-time region being <<1/500 of the maximum trace time. Inspection of
the trace data should indicate appropriate time region and delta-time
values.,

3. SAMPLE RUN

The sample run included on the following pages demonstrates use of
the program., Notice particularly the simplicity of the junction power
auxiliary equations on the first page of the printout (subroutine TRAEQ).
Also note on the last page of printout /(p. 31) where the printout of
junction-power amplitude and duration appear. The damage analyst needs
only to turn to the 1last page of a circuit run output to assess possible
component damage. To determine damage, the damage product of a power
pulse may be compared with the damage constant (K.) of the device in
question, or the amplitude and half-width may be plotted as a point on
the device damage curve. The circuit investigated for damage appears
schematically in figure 2. Junction stress is predicted to be most
critical at the diode junction under reverse bias.

12
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Figure 2. Circuit to be analyzed for semiconductor damage.
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SAMPLE RUN .

74/74 OPT=1 FTN 4.14PSR367 08/01/76¢ 10.11.47.
C SUBROUTINE TRAEQ _ ) TRAEQOOO
TTTTTTTTTTTTT U SUBROUTINE TTRAEQ KRGy T T T T e e TRAEQDID
INTEGER ERR R
COMMUN/GAMMA/PWCRFD(30),PWCRRV(30) ,BRKVOL (30) ,DAMNK(30)
—§— " COMMON/DELTA/PHTEFD(30),PHTERV(30),PHTCFD(30),PHTCRV(30) =~~~ 7~ "~ """~
COMMUN/ALPHA/ZA(100),E(19,16,2),H(100,100),0,T(100),V(240),AL(50),
18V, CT(11,2), DI(30), OM, DR(30)}, DV(30), EIL20), E2(19),  TRAEQO70
T T 2TE,T1,T0,VS(20,5)4V1(240),V20240),8C1(30), '
3BCR(30),BCV(30),BEI(30),BER(30),BEVI(30),DIP(30),EP1(20),EP2(20), TRAEQD90O
10 4QCR(30,7),511,TEX,TE1,TCO(19),T0P,TO1,VER(9),AAAA(60)+BCDT, TRAEQ100
R “58C1P(30),BCURI290),BEIP(30),DTIM,GRSP, = = ‘ © o TTTTTTRAEQLI0T
! 7PPIC(320), PPID(30), PPIE(30), PWCR(30), PKTR(30), QTAN(30,16), TRAEQ120
8RMAGy TE1l, TOL1l, TOL2, TOT2, TO1ll, VAL1(200), VAL2(200), TRAEQ130
T =t gy AL3(260), BCDT1, BCUR1{290), PPIC1(30); PPID1(30), PPIELI(30), " ~TRAEQ140
15 ASYMB1,SYMB2,TITLE(9),TOLPL,TOMIN,ST(19,2),ABC, TRAEQ150
2ED4 ,COND(30,5) ,CONP1200,5) ,CONT(3045)yERRy 1AW,y JSJ9IDCyNCUT,
- ——=—"BKTOT, 18C, NAW, ITOT, KTOT1, NV, NG, JJ, N3B, NBRAN, NBLOCK, " TRAEQ170
cCIYOT1, JUJ, N2B, ISTRK, I5YM4, N2, ND, NBB, NVM, NCR, NNNN]l, I1CP, TRAEQ180
DIPRINT, NTPLP, NPP(60), NGP(4), NA, NZ1, ND1, JJJ, KE, NTR, TRAEQ190
20" " ""EIFGDTC,s JV, IPX, NAl, NT, NB, N1B, JCAT; NCOREy JVJy NPy IPLCON; " TRAEQ200 '~
: FISYM3, NP1(10s2), JG(19) ' . TRAEQ210
COMMON/BETA/VP(5000) ,XP{700),TF(350) TRAEQ220
—————— e mmme e ERRzz R T eSS MRS SESS e m SSm S e—— ".——".— - - —
60 TO (9000,9003,9002,9001), KK& TRAEQ230
25 9000 CONTINUE : TRAEQ240
=== —C " "PART 1 < MATRIX AND TIME FUNCTION EUaS. AFTER THTS CARD: —— " TRAEQ250 —
c RETURN : TRAEQ260
. 9003 CONTINUE TRAEQ270
T U 7 PART 2 7T “TRAEG280—
30 RETURN TRAEQ290
9002 CONTINUE TRAEQ300
T T T PART 3 T TRAEG310
RETURN TRAEQ320
9001 CONTINUE . : TRAEQ330
—35— T PART & = AUXILIARY EQUATIONS AFTER THTS CARDS TRAEQ340—
V(10)=PWCRFD(1) ,
V(11)=PWCRRV(1)
T STV (12)=PWTCFD(1)
V(13)=PWTCRVI(1)
40 V(14)=PWTEFD(1)
——— ————V(15)=PHTERV(])
V(16)=PWTCFD(2)
V(17)=PWTCRV(2)
E— —"V(18) =PWTEFD(2} —
45 V(19)=PNTERV(2)
~ RETURN TRAEQ350
- END TRAEQ360—



INITIAL CONDITIONSmeg SAMPLE RUN
TAUXILIARY EAUATIONS®TO — . '
TIME REGIONS :

uN, 350N .

T R{(81,3)850
R2(2,0)siK
R3(S1,1)850 ‘ .
TRO(3,1)82,7K 7 : F— R -
RS(3,4)s23 : ' K
R6(7,0)=100

T RY(6,0)8330
Ci1(1,0)s2N
ca(3,0)seN :

CC3(7.6)8470 e e . R
D1(0,5)=IN3565/4A

9,482P)1,3,2,40+11, aP;.Bso;.lU..llSQQQJEO
71(7 ﬁoS)lPNPw2N297l TTrTTmTTTmTITTE T e
10,5,,37u,1 59U'SN,.99000i01Np S,10M,3N, ,994 41Ny S, 10M,,00
10U, 60,9, 3073 . ’ . 1ol (Xl 10008,
CY2(613,7)OPNPe2NIRBAIL T e e — _—
lO;S..2'4,.15903'6N..990,.ZIZNo.S'.10306N0.9945014i'90.50.1*90
{e3, 105'50520'12“11
T8imay M
. 310y 48,40N,
IK'60N'Q510070N0300 75Nal§00080N 680,35".'790:110”0
1250o130Ng06!0'|45N0080'lGBN}O!iO{l'SN:!K.190"4'1309215".9.220""”

PRINT/S00
PLOT/Y

N1
GAUSSs3 , : , '
“EXECUTE T T : : e

TRAC2, RELEASEL HDL- NOVEWBER 1971 RUN AT WERDC(STAUDHAMMER) KAY 1972

0 NO. OF NCNSTANDARD PARAMETERS
7 NCO. OF NDDE UNKNOWNS
""" 10 " NO. OF AUX. UNKNCOWNS = 7777
0 NO. OF PARAMETER SWITCHES
=1 INITIAL CONDITIONS
T T U=2EPREV, T=18CALT, OFZERD, TEREAD V, 2¢READ VET, I#READ V=-CALCT—
1 NO. OF TIME FUNCT. AND GRD. VOLT. SOURCES
1 RATID OF CALC. PTS. TO PLOTTED PTS.
500 T RATIO OF PLOTTED PTS. TU PRTNTED PTS.VU=PRINT INITTAT E FINAU CATT,. ONLY
0 PHASE PLANE PLOTS? 1=YES
0 PROGRAM 1.C. CHECK
TS TEL OO ONEYy OSHALT FOR PL.E.y 1=COUNTINUE FOR PL.E.]
PLOTS OF ITEMS VS TIME

NAME ND.

T NGDETTTTTTT 40
. NGDE 11
NGDE 12
- NODE 13
| NODE 14
. NGDE 15
FNODE 16
NODE 17
DE . 18
"NUDE 19

15



SAMPLE RUN

I P — e e ——
Fotm AR THUR T -
" ND. DELTA TIME END TIME ¢
i1 +400000E-08 +350000€-06
H ) . TT T TTThe, T T T T

3 0. 0.
{_& 0. c. o
N B P P T
i e 0. 0.
i1 0. 0.
[ — 0%

9 0. o.

0 0.

10 .
TTEMPERATURE="~ .30000E+03

TIME FN.IGRD. VOLT. SOURCE) NO. 1 LAST VALUE HELD
Pl.Nﬂ'. VALUE TINE 7T - o - - N
1 «10000E+01 0.
2 +94000E+C3 +4000C0E-07
- 3 =.87500E+03 ~ (650000€-07 " - = —
o +«25000E+03 +650000€-07
’ S  =.37500€+03 .950C00E-07
6 “T7S000E+03 ~ "~ .120000E-06 —~ — b S
7 _=a%4000E+03 +135000E-06
8 «62000E+02 +145000E-06
9 =.50000E+03" " .165000€~06 " - ~
10 «44C00E+03 +«19000JE-06
11 -+31000E+03 +210000€-06
- . 7T +225000E-06 i
13 =.19000€+03 +«2400G0E-06
14 «38000E+03 +260000E-06
5 O, <280000€E<06
S 0
PART BRANCH BRANCH
NO. NODE F NODE T NO. CURRENT RESISTANCE
I L J § 3 T ' <SU000E+402 =
2 2 GROUND 2 0. +«10000E+04
3 s 1 1 3 0. +S0000E+02
L 3 T G L' D) <ZTO00E+0% -
H 3 T4 s 0. +22000E+02
[} 7 GROUND 6 0. +10000E+03
T & GROUND T U —+33000E+03
CAPACITORS
PART BRANCH BRANCH ) SERIES SHUNT
TTNO.  NODE F NODE' T NO7T CURRENT —  CAPRCTTANCE " RESISTANCE — ~ ~RESISTANCE
1 1 GROUND 8 0. «20000E-08 +«10000E+00 +«10000E+10
z 3 GROUUND y s ~ZU00UE=UE—-TO00OE+00~ ~~"<10000E+10 -
3 7 6 10 ' [' 2 +47000E-04 +«10000E+00 +10000E+10 N
. /
DIODE ND. 1 BRANCH BRANCH
NODE A NODE C NO. CURRENT 1S .9420E-11 MD ,130CE+01 RDL .2600€¢12 CO .4000E~-1}
GROUND 5 11 0. VDBl .8500E+00 TD .1000E-06 IPP ,1000E-03 BV .2600€+02 BSI ,2000E+02
TRANSISTOR NO. 1 PNP TYPE 2"’474
~NGDE "8 ~"NODE C NODE E™"~"~ ~ = " ~————BRARCH CURRENT NOT. 12 "IB=" O, — 77~ T -
7 4 5 NO. 13 IC= 0. -
HFE N .1000E+02 HFE I .50GCE+01 T N .3700E-06 T 1 .159GE=-05
T TCS"S000E-08 ~ ~HC '~ .9940E+00 ~~~ CCD~s1410E~09 "VCBI" .5000E+00 "~~~ RCL -1000E408" — "=r-—-
1ES .5000€E-08 ME .9940E+00 CEQ .141CE-09 VEBI ,5000E+00 REL +1000E+08
IPPC  .1000€-02 IPPE .100CE-04 BRCvVOL +6000E+02 BREVOL .9000E«01 . o
“TBSTC T.3G00E+02~ “BSIE ~.7300E+02 — ’ e e T T
“TRANSTSTOR NOo~ Z°PNP "~ T TYPE'ZN3IZWA B i
NODE 3 NODE C NODE e BRANCH CURRENT NO. 14 18= 0.
NO. 15 ICs 0. . o
- THFE N ".1ooos+oz HFE 1" .5000€+01 T N~ .2000E-04 " 7T°'r° ,159CE-03 e -
1€S  .6000E-08 MC  +9940E+00 CCO .2120€-09 vCBl .5000E+00 RCL .1000E+08
1ES .6000€-08 ME .9940E+00 CEC .14106-08 VEBI .S5GOCE+00 REL . 1000€+08
~—IPPC " .1000E-02 IPPE  .1000E-04 BRCVOL .5000E+02 BREVOL .2000E+02 .- . - —————— e e e
BSIC +124CE*03 BSIE .1600E+02 .

16




LT

A INITIAC TONDITIONS 77 7 o
¢ TIME= 0. DELTA TIME= 0. H=-P GEN. FN.= 0.

-

TIME FNS. AND GRD. VOLT. SOURCES

T I0006E40 T T T T -

y| UNKNOWNS

L 1 .99657€+00 2 +31979E+400 3 «81148E+00 4 «72702E+00 S «72231E+00 6 «38622E~-01
T TTTU34021E 400 g0, T 9 0. 197 0, TTI1TTTL89781E-11T12 0 T T

13 «14845E5-02 14 +10135€E-10 15 . 0. 16 «89917E-04 17 0.

| BRANCH CURRENTS : .

T 1T T U3TT04E-02 T2 J31979E-03 3 T.68554E-0% 4 =.68553E-0% T «3B3B9E=02T T34021E=02

7 «11704E-03 8 0. 9 0. 10 0. .+ 11 =.12430€-10 12 ~.38389E-02

13 «38389E-02 14 =.11704E-03 15 =.31979€E-03 - )

(MAXTMUM DELTA" TINE=  .400000E-08  START TIHE® U, END TINME= +«350000€=06—

NOY dTdWYS



8T

“TIME= .400000E-08  DELTA TINE®s . 400000E-08 =~  H-P GEN. FN.= U,
TIME FNS. AND GRD. VOLT. SOURCES
1 +94900E+02

“ONKNGWNS :
1 J30179E+01 2  .18273E+01 3  ,2B089E+01 &  ,22347E+01 5  ,22299E+01 6  .15462E+01
7 .18478E+01 8 O, 9 0. 10 0. 11 .89781E-11 12 0.

T3 148496027 T4 L4T462E-11 15 0. 16 7 899T6E~04 17 D,

BRANCH CURRENTS

1 «18416E+01 2 «18273E-02 3 «18376E+01 4 =.77419E-04 5 «26099E~-01 6 +18478E-01
T7TTT L 46853E-027 8 .18376E+01 9 .I8158E+01 10 4 1331E=03 = 11084E=02" 127 =,24991E-01"

1:3 «26099E-01 14 =.42720E-02 15 =-.18273E-02
TIME= .400000E-07 DELTA TIME= .400000E-08 H=-P GEN. FN.= 0.
"TIMETFNS. AND GRD., VULT. SOURCES " T T

1 +94000E+C3

UNKNOWNS

TTITTTL16723E4037 27T L11908E+4037 2 L I15631E¥03 4 LI1I952E¥03 5 . 11950E+03 7 & LTIBBOE+03
7 .11911E+03 8 0. 9 0. 10 0. 11 .55863E+03 12 0.
13 .6B46BE-02 14  .41826E-02 15 0. - 16 .1548BE=03 17 0.

“BRANCH CURRENTS 7777 : :
1 «15674E+02 2 «11908E+00 3 «15455E+02 4 =,40439E-02 5 «16721E+01 }6 «11911E+01
7 +36001E+00 8 «15451E+02 9 «14006E+02 10 297966E-01 11 -.12155E+03 12 =.16702E+01
TTI3TTTU16721E401 14 = ,26204E+4007 15 =.11908E+00 g

TIME= .650000E-07 DELTA TIME= .250000E-08 " H=-P GEN. FN.= 0.
TIME FNS. AND GRD. VOLT. SGURCES 202
il 1 .87500E+03 e S S e ol o e e L e B e e T ey, v D B e 3
UNKNOWNS
1 .12594E403 -2 .75046&002 3 .98603E+02 &  .TS510E+02 5  .75474E+02 6  .T4T68E+02
T SISORBER0 T Wt % B 0T T T R lee e 8 0
* 13 ,19113E-01 14 .13180E-01 15 O. 16  .28330E-03 17 0.

BRANCH CURRENTS
LT =l 19472E+02 T2 LT5046E-017T 3=, 20019E¥02 4 =,10126E<01 5" 10497E401° 6 575088E+00"
7 .22657E+00 8 =-.20029E+02 9 =-.20512E+02 10 ,18635E+400 11 =-.10142E+03 12 =.10525E+01
13 .10497E+01 14 =.40221E-01 15 =.75046E~01 -
“TIME#  [850000E-07" " DELTA TIMEs 2 ———H=PGENs FNe® 05— "
TIME FNS. AND GRD. VOLT. SOURCES
1 .25000E+03

~“UNKNOWNS : O, | S S e A R S b Ca i e e oo Bon o e ey
1 «51902E+02 2 .193975002 3 «25864E+02 4 «19862E+02 5 «19827E+02 6 «19119E+02
7 «19438E+C2 8 0. 9 0. 10 0. 11 .140555 -08 12 0.

7713 7 ".20857E-C1 14 T 1434BE=01 15— O, 16 s2T7331E-03 R T e e

BRANCH CURRENTS F
1 44827E+01 2 «19397€-01 3 +39620E+01 4 =,96440E-02 5 0 27282E+00 ‘6 «19438E+00

TTTT 57936E-01 7 B T.39523E401° 9 ,42195E401 1031 7340E+00 11— =311074E~02"12—=;27172E +00~
13 ,27262E400 14  .11546E+00 15 =-,19397E-01
TIME= .950C00E-07 DELTA TIME= ,100000g-08 H-P GEN. FN.= 0.

“TIME FNS. AND GRD. TVOLT: SOURCES £14 S
1 -.37500E+03

UNKNUHNS
17 7.39316E+02 277 T 10855E+02 7 3 T 14599E+02 4 I1319E¥02 5 " .11286E+02 6 J10577€+02"
7 ° .10895E+02 8 0. 9 a0 N 10 0. 11 «97094E-09 12 0.
13 .21109E-01 14 «14473E-01 15 0. J 16 +26057E-03 17 0.

~“BRANCH CURRENTS "~
1 -.77920E+01 2  .108556-01 3 =-,82863E+01 4 =,91542E-02 5 ,14911E+00 6  .10895E+00
7 .32051E-01 8 =-,62955E401 9 -.79319E+01 10  .16397E+400 11  .27501E=02 12 =.15186E+00
713 77L14911E400 “16—",13192E400 ~15 = ,10855E=01 "~ - ool oo : e — s

NO¥ TTdWYS



. 'SAMPLE
TIMEs  .1350D0F-i6 GELTA TIMEs .I1SJ00CE-06 H-P GEN., FN,= 0.,
TIME FES. AND €A, VOLT. SCURCES
1 =.44000LE4L3
UNKNT Wl S . oo : -
1 .65302E402 2 J46957E+02 3 L61866E+02 4 474236402 S 473926402 6  .46679E+0)
7 .46998E402 & O, % 0. 10 0. 11 .50693E402 12 0.
13 .2342FE=-C1 14  ,159S56-01 15 O. 16  .24460E-03 17 o, .
BRANCH CURRENTS :
1 =.10037€+C2 2 ,46957€-01 3 =-.10506E+02 & ~.B6800E=02 §  ,65647E+00 &  .46996E+00
77 J14145€eC0 B =,10515E+02 Q@ =-.106RSE+02 10  .150¢3E+00 11 -,73374E+C2 12 =-.65837E+00
13 «65647E400 14 «94TSYE=02 15 =.,46957E-C1
‘ TIMEs  ,145CO0E-C6 DELTA TIME= .100GOCE-08 H-P GEN. FN.2 0,
“TIME FNS. AND GRD. VOLT. SOURCES T I T s e e e
1 .62000€+02 :
. UNKNDWNS i
T J60553EeC2 2 L2807T2E402 37 T J3TI94E+027T6° TU.28540E402 ° 5 ,28508E402 6  .27795E+02
I 7 .28112E+C2 8 O, 0. 10 0. 11 .357626+01 12 O.
! 13 ,242656-01 14  .16499€-01 15 0. 16 - .24389E-03 17 o0,
BRANCH CURRENTS > e 28 +€% 3898703 17 .
T 1 .49612E+C0 2 ,28072E-01 3 .2B945E-01 & ~=.86514E-02 S5  .39333E+00 6 .28112E+00
.7 .84227E=01 8  .20294E~01 9  ,11141E+00 10  .14874E+00 11 =,126726+02 12 =-.39362E+00
TT137 ,39337E400 1 .66516E-01 15 =,28072g-01 R e
. TIME® .165C00E-G6 DELTA TIME= .100000E-08 H-P GEN. FN.= 0.
" TIME FNS. AND GRD, VOLT. SOURCES
e S 0000E+03 A e e R
UNKNGWNS .
1 .72018E401 2 =.11495E+01 ~ 3 =.13171E+02 & =,68317E+00 S ~-.70883E+00 6 =-.14266E+01
7T L 111166461 8 C. ST 9y TTTTTTIUIOTTL85664E-02 11 0. : 1270 T
13 .23299E-01 14  .15487E-01 15 0. 16  .22393E-03 17 o0.
CURRENTS :
“ITUS.97366E401 2 =,11495E-02 3~ IU1G4E+02 % "+, TS456E<02 " 5 " ~,56765E400 6 ~-.11116E~01"
© 7 =.4323CE-C2 8 =.,10152§402 9 <-.91614E+01 10 .13007E+00 11  ,551J6€E+00 12 .16588E-01
. 13 =.56764E+00 14  .13440E+00 15  .11495g-02
T TIRE= ".19GCITE-06 ~~~DELTA TIMEZ ,SO0000E<09 — —H=-P GENT FN.& —0, -~ = ==~ ="
: TIME FNS. AND GRD. VOLT. SOURCES
1 .440CCE+03
—URRROWNS e — -
1 L48748BE+01 2 =.12797E+01 3  .67344E+00 & <-.82273E+00 5 =-.810136400 6 =-.15569E+01
7 -.126452E+C1 & 0. 9 0. 10 <19757E+00 11 0, 12 .12880E-01
TIFTTOTT T TG 00 15"V 21904E<0T 16 "VIB614E<03 " I7 0, ~—~ — -~ =~ == o
BRANCH CURRENTS :
1 .87865E+01 2 =~.12797€-02 3  .87025€+01 & =-.15561€-02 5 .68008€-01 6 =-.12452E-01
T =T4T178E-02 8 "7 8T009E+01 97 (87201640110 ,95527€-0r 11 ~=,B64SSE-01 12 ~-~,18450E<0T"
13 .68008E-C1 14  ,10024E+0C 15  .12797E-02 T
TIME= ,210000E-06 CELTA TIME= .200000E-08 H-P GEN. FN.z 0.
—TIWE FNS% 'AND "GRO. VOLT: SOURCES —
1 -.31000E+03
UNKNOWNS :
=TT UTZIA0E402 T 2=, 12295E+0T " ~3 T T26696E401 4 = TTISSE400 5 =, TT40SE+00 " 6 = 15066EF0T
7 -.11973E+01 .8 0. 9 0. 10 .68482E-01 11 0. 12 0.
13 .49653E-C2 " 14 O, 15  .264106-02 16 .16517E-03 17 0.
—BRANCH CURRENTS =~~~ -
1 =.62534E+01 2 =-.12295E-02 3 =-.64428E+01 4 =.350755-02 5 .15641E+00 6 =.11973E-01
7 =.45655E=02 8 ~-.66463E+01 9 =-.64063E+01 10 .72152E-01 11 =-.17418E+00 12. .17768E-01
T3 15641E+00 14 ~.T6TITE-01 15~ ,12295€-02" -
TIME= .225C00E-06 DELTA TIMEs .150C00E-08 H-P GEN. FN.= 0.
TIME FNS. AND GRD. VOLT. SDURCES
JINE TN, AMD ORD. WAL M
UNKNOWNS
-1 =,10011E+02 2 =.12519E+01 3 =.14885E+02 & ~=.79711E+00 5 =,79145£+00 & =.15291E+01
7 -.12212E+01 8 0, 9 0. 10 .10415€+00 11 0. 12 .25585E-02
13 0. 16 0. 15  .10586E-01 16  .15116E-03 17 0.
BRANCH CURRENTS : :
1 .29769E400 2 =.12519E-02 3  .20022E+00 & =~,18050E-02 5 =-.640346¢00 6 =.12212E-01
7 -.46336E-02 8  .19862E+00 9  .93984E*00, 10 .57250E-01 11  .62224E+00 12 .18098E-01
13 -.64034E400 146  .61884E-01 15  .12519E-02
~TIHE®* —,240000E-06 —— CELTA TIME= J150000E-08" " H~-P GENs FNo= 0. ~ "
TIME FNS. AND GRD. VOLT. SGURCES .
1 -.19000E+03 .
—URKROWRS "™~ © "= "7
1 =.22511E402 2 =.12732E+01 3 =,21755E+02 4 =,82230E+00 - 5 =-.80678E+00 & =.15504E+01
7 -.12438E+01 8 O. 9 0. 10 167656400 11 0. 12 .15077€-01
— U T TE T O T T T IS 2629080 T T8 TI4023E-03 717 " 0. e e
BRANCH CURRENTS : .
1 =.33649E+01 2 =.12732€=02 3 =-.33498E401 4  ,280226=03 5 =.95147Ee00 6 ~-.12438€-01
———F46982E<52 © T9 =.33495E+01 " - 9~ <;24613TE4CT TTI0TTL44594E<0T" 117 93306E400 12", I8409E=01
13 -.95147E+00 14  .46292E-01 15  .12732E-02
TIME= ,260C00E-06 DELTA TIMEs ,500000E-99 H-P GEN. FN.= 0.
~TINE FNS. AND "GRD. VOLT. SGURCES ~—~——— """
1 .38000€+03
UNKNOWNS . .
=L 149TYE40T " 27 =,12851E0T —F T TSIZBE0I 55 83845E+4007 7 5 "=, 814648400 6 =, 15626E+0T
7 -.12571E+01 8 O, 9 0. .10  .22832E+0C 11 9. : 12 .29470€-01
13 0. 164 0. 15  .40660E-01 1§ ,12856E-03 17 0. .
BRANCH CURRENTS-  © - o - A2 S et oL
1 .74497E+01 2 =.12851E-02 3  -75700€401 4 - 22277g-02 5 .37959E400 6 =-,12571E-01
7 -.47344E-G2 8  .75723gsc1 9 = <7C6TIES01 10  ,31004E-01 11 ~-.39818E¢00 12  .18590€-01
—13—,37959E400 14 . .35738E-01 15 B 11 ST T 7 e bt dpiutat g B I At ut
TiMg= .280000€-06 DELTA TIMEs «200000E-08 H=P GEN. FNes 0.
" TIME FNS. AND GRO. VOLT. SOURCES —
e g g T _ I

19
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SAMPLE RUN

UNKNDWNS ‘
1 .33788E+02 2 =.11861E+01 3 «27905E402
"7 =.11571E461 & 0. - 5 . L 10
.13 o. 14 O. ) +81200€-02 3¢
BRANCH CURRENTS . .-
— 1 -<.55011E+00 -2 =-.11841E-02 : =+87577€+00 ~ 4
7 -.46283e-02 8 =.67795E000 B =.16576E401 1o
13 - .13017ev01 14  +25128E-01 «11841F-02"
‘TIME= * +350000€-06 CELTA TIMEs .4D0%0NE-gg -
TIME FNS. AND GRD. VGLT. SOURCES
1 o.s'
" UNKNOWN T e
1 JdsTaseenz 2 .b6147E401 3 .91006Es01 o
7 66454E40] 8 0. - : o ‘10
13 .66521£-02 14 -b687E-03 15 O, R

20"

-.73181E+00 5
-.17643E-01 11
J121056-03 17
"~.21789E-02 " 5
.2070CE-01 11
H=P GEN, FN,=
«70733€+01 5
0. 1
13163803 17

=+ 73215E+00

0.

+13017€+01
~.13189€+01

0.

.7G679E+C1
.30483F=09
0.

. =,14613E+01

L 28449E =03

‘-.11571€-01
.17163€-01

+63399E+401

0.
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i

T 2.46429E<01TR
2.394]1E-01
2.3452E-C1

T2 29B6GES0T
2.2475€-01
2.1986E-01

~Z T498E=0T
2.1069€-01

" 2.0521E-01

T2T0032ES01
1.9544E=C1
1.90556-C1

~1.8566E-0L1
1.8078E-C1
1.7589E-C1

—T.7101E-01
1.66126-01
1.6123E-01

“T1.5635ECI
1.5146E-01
1.4658E-C1

~1.4169E-01
1.3680E-01
1.3192E-01

~§.2703E-01
1.2215E~01
1.1726€E-01

—131238E-CI
1.0749E-01
1.0260€~01

—9.7718€-02
9.2832E-02
8.7946E-02

——8.3060E<C2Z™
7.8174E-02
7.3268E-C2 +

+

=== F=

+
L.
|
*
«
+
]
o
-
+
4

I

NOY TIJWYS
o0 .
. -

. ' °

TT6.8402E=02
6.3516E-C2
5.8631€E-02

TTT5.3745E-C2
4.8859E-02
4.3973E-C2

T 3.9C87E-UZTT
3.4201E-02
2.9315E-C2

o
-t o bt Gt ot G Gt Gt G Pt o Gt Gt Pt St o b e b Smd b Pt B Sum Gt B Sme 00 o LR R T K o g o e

T 204429E-02
1.95464E-02
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T
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1
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4

1
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1
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1 I

1 I

+
1 . , :
<4658E=0 ' _

1.4658E-02 1 -
1
&

9 7TI8E=03 ] -8 B ‘
4.8859E-03 1 . _ ,
0. (2232 PR EE R 22322 22232 2R R 22 R AR R R 2 2 R R 22 1 2 AN + + -0“-“‘0"‘-"00‘00—

0. B 3.500€-08 7.0QEE-08 1.050E~-07 1.400€E-07 1.750E-07 2.100E-07 2.450E-07 2.800E-07 3.150E~07 3.500E-07
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APPENDIX A
DAMAGE DATA SURVEY
ARMY ELECTRONICS SEMICONDUCTORS
TESTED PRIOR TO
JUNE 1974

For the EMP damage analyst's convenience, a pool of devices for
which some parameters are available has been gleaned from available
damage study reports and tabulated on the following pages. The
references below are cited in the survey.

(1) BDM Final Report, Vol 1, BDM-375-69-F-0168, Apr 69, prepared by
D. C. Wunsch and L. Marzitelli.

(2) BDM Final Report on Semiconductor Damage Study, Phase II, BDM/A
66-70-TR, Jun 70, prepared by J. Singletary and D, C. Wunsch.

(3) BDM Final Summary Report on Semiconductor Damage Study, Phase 1II,
BDM/A-84-70-TR, Feb 71, performed under contract DAAK02-67-C-0168.

(4) EMP Effects on Components, J. R. Miletta, Preprint.
(5) DNA-EMP Handbook, Vol 11, DNA 2114H-2, Nov 71. C/m/s/'ﬁ«u /3
(6) D.A.T.A. BOOk - Diode & SCR.

(7) D.A.T.A. Book - Transistor,

33
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DAMAGE

DEVICE BULK Z REFERENCE | BREAKDOWN | REFERENCE | DAMAGE | REFERENCE TRAC
- ' ~ VOLTAGE CONSTAN. CURVE | PARA!
IN23BC .0009 (5) 13-77 ' X
IN23RF .00094 (5) 13-77 X
TH23ME 00029 | (5) 13-77 X
IH25 : .026 (5) 13-77 X
TH34A }Q§?0?;§?2=1h (4) 4.24 60. (5) 13-77 | .014 (5) 13-77 §§§}f?5j}9;( .
IN39A 230. (5) 13-77 | .006 (5) 13-77 X
IN39B 200. (5) 13-77 | .006 (5) 13-77 X
11430 70. (5) 13-77 | .005 (5) 13-77 X
163 100. (6) 216-66 o
1164 25. (5) 13-77 | .04 - (5) 13-77 X
IN67A 80. (5) 13-77 | .003 (5) 13-77 X
1169 70. (5) 13-77 | .005 (5) 13-77 X
131697 4200 (4) 4.25 - 70. (5) 13-77 | .005 (5) 13-77 X
el u N 0. (5) 13-77 | .003 (5) 13-77 X
Ing2A 30 (4) 4.1 5. (5) 13-77 | .0007 (5) 13-77[ (1) 3.12 X
i1 100. (5) 13-77 | .0055 (5) 13-77 X
IN100 & 80. (6) 215-67 ) v’

'¥ XIANIdAY



=13

BREAKDOMWN

DAMAGE -

TRAC

DEVICE BULK Z REFERENCE REFERENCE DAMAGE REFERENCE
. VOLTAGE CONSTANT CURVE PARAM.
1M128 40. (5) -13-77 .005 (5) 13-77 X
111140 80. (6) 215-76 P
el 90. (5) 13-77 .005 (5) 13-77 ;/
mes” 20. (5) 13-77 024 (5) 13-77 X
112480 50. (5) 13-77 | 40. (5) 13-77 X
IN 2498 100. (5) 13-77 | 40: (5) 13-77 | x
IN250 200. (5) 13-77 | 40. (5) 13-77 X
IM2500 200. (5) 13-77 | 80. : .(5) 13-77 ] (1) 3.16 X
1t1251" 10. (5) 13-77 .03 (5) - 13-77 X
1H253* 174 (4) 4.19 95. (5) 13-77| &6. (5) 1377 4y 3.20]| - x
1M254 160. (5) 13-79| 3.5 (5) 13-77 X
111260 30. () 1377|0027 | (5) 13-77 X
1uz7o* 100. (5) 13-78 .022 (5) 13-7¢ Y
F3400; N
IN270A | s=22 fud:16| (4) 4.25 }
e _100. (5) 13-78 .0055 | (5) 13-7Q v
mer7” 125, (5) 13-70 . 027 (5) 13-7¢ Y g
1279 32, (8) 211-52 v ”E



9t

DAMAGE

¥ XIONZAY |

DEVICE " BULK Z REFERENCE | BREAKDOMN | REFERENCE | DAMAGE | REFERENCE TRAC
' . VO!.T/\GE A CONSTANT. : CURVE PARA!
1112950 40. (5) 13.79 ..005 | (5) 13-78 X
111320 500. (5) 13-78 1.2 (5) 13-78 X
| X .
11332 400. (5) 13-78 3.5 (5) 13-78
11333 400, (5) 13-78 | 1.5 (5) 13-78 X
N335 300, (5) 13-70 1.5 (5) 13-78 Y
11337 200, (5) 13-78 1.5 (5) 13-78 X
133" 100. (5) 13-78 18.3 (5) 13-78 | (1) 3.24 X
1341 400. (5) 13-78 3.5 (5) 13-78 ] X,
111362 "~ 400. (5) 13-78 1.5 (5) 13-73 X
11346 200. (5) 13-78 1.5 (5) 13-78 -X
nazol| 34.2 . e |
(DIC) Tiiazs (1) 6.2 (5) 13-78 (5) 13-78| (1) 3 on X
I0F) THA2S ' ’ . .
HOF) 1429 | 1.9 (1) 6.2 (5) 13-78 6 | (5) 13278] (1) a.q ||
N Rev=620 . '
TI) Ingsy | Fud=.4 (4) 4.25 70. (5) 13-78 12. (5) 13-7¢ el
. \ B N .
(CDC) 111457 70. (5) 13-78 12, (5) 13-78 v
1Hasg” 150, (5) 13-78 5 | (5 137 X
150 | g30 (4) 4.19 200, (e} 1370 50 | (8) 13-78 (1) 3,35 v
IN459/, 3.6 (1) 200, (5) 13-78 06 | (5) 13-7] (1) 3.1 |




LE

DAMAGE

DEVICE BULK Z REFERENCE | BREAKDOMN | REFERENCE | DAMAGE | REFERENCE TRAC
» VOLTAGE CONSTANT. CURVE PARAN

111461 35. (5) 13-78 | .24 (5) 13-78 : X
162" £0. (5) 13-78 | .05 (5) 13-78 X
IN466 3.5 (5) 13-78 | .78 (5) 13-78 X
1467 2.1 (5) 13-718 | .78 (5) 13-78 X
1maes 4.9 | (5) 13-78 | .78 (5) 13-78 X
IN4T0 7.1 (5) 13-78 | .78 (5) 13-78 ox
INATAA 5.8 (4) 13-78 219 (5) 13-78 X
magzn | 760 (4) 4.{9 36. (5) 13-78 | .9 (5) 13-78 | (1) 3.46] «
114834 | r 76. (5) 13-79 | .3 (5) 13-79 X
114838 80. (5) 13-79 | .3 (5) 13-79 X
INABAA 130. (5) 13-79 | .45 (5) 13-79 X
IHA4B 130. (5) 13-79| .3 (5) 13-79 X
INASS 180. (5) 13-79| .3 (5) 13-79 X
IN436B 225, (5) 13-79| .29 (5) 13-79 X
IN43T7Z 300. (5) 13-79| .3 (5) 13-79 X
1488 ) 380. (5) 13-79| .3 (5) 1372 X
INS3E | MO FATLuRe (1) 50. (5) 13-79] 1.- | (5) 137 (1) '3.52 X

¥ XIaN3dqvy



8¢

DEVICE | BULK Z REFERENCE | BREAKDOMN | REFERENCE | DAMAGE | REFERENCE DAMAGE | TRAC
VOLTAGE | consTanT ' CURVE PARA!
ms37* | 130 (4) 4.19 100. (5) 13-79 | .51 (5) 13-79 | (1) 3.53| X
IN538,m | 200. (5) 13-79 | 1. (5) 13-79 X
1810, _ .
539 | s=8.8 (4) 4.25 300. (5) 13-79 | 1. (5) 13-79 X
sa0” | 94 (4) 4.19 200. (5) 13-79 | .93 (5) 13-79 | (1) 3.58| X
ING47™ 600. (5) 13-79 | 12.1 (5) 13-79 | X
IN560 800. (5) 13-79 | .625 (5) 13-79 X
IN561 1000. (5) 13-79 | .625 (5) 13-79 X
11562 800.. (5) i3-79 | 1.8 (5) 13-79 X
IN619 10. (5) 13-79 | .36 (5) 13-79 X
14622 150. (5) 13-79°| .347 (5) 13-79 | X
IN625 30. (5) 13-79 | .164 (5) 13-79 X
IHG25A 20. (5) 13-79| .045 (5) 13-79 X
ING43 - 200. (5) 13-79| .44 (5) 13-79 X
’ \
ING43A 200. (5) 13-79| .1 (5) 13-79 X
~ | 1=1100; -
meas” | s=8.7 (4) 4.25 225. (5) 13-79| 2.8 (5) 13-79] (1) 3.63 X
- INGAS5Y o
 IN64SZ _

Y XIANF4d¥



6¢€

O

DEVICE BULK Z REFERENCE BREAKDOWN - | REFERENCE DAMAGE REFERENCE | DAMAGE | TRAC
VOLTAGE CONSTANT, | CURVE PARAM.

INEAR 300 (7) 13-79 2.29 (5)_13-79. X

TH6 464 >
ING4GX _
TH646Y. v
ING46Z o

~[s=17.2; | N

mea7” | s°fwd=5.2 (1) _a.25 | an0 (5) 13-80 | 2.8 (5) 13-80 (1) 368 | ¥
1648~ ' 500. (5) 13-80 | 2.8 (5) 13-80 _
meao”  |no FAILURE | (1) 600. (5) 13-80 | 2.9 (5) 13-80 | (1) 3.65 | X
IN649Y o
TMARAQY v
INGA9Y _
ING49Z >
11658 _120. (5) 13-80 | .92 (5) 13-80 v
11660 Y00. (5) 13-80 | .44 (5) 13-80 _
13661 200. (5) 13-80 | .41 (5) 13-80 P
1662 100. (5) * 13-80 | .29 (5) 13-80 X
ING63 100, {5) 13-80 | .44 (5) 13-80 X |

¥ XIAN3dav



oy

DEVIGE BULK Z REFERENCE | BREAKDOMN | REFERENCE | DAMAGE | REFERENCE | DAMAGE | TRAC
: VOLTAGE CONSTANT CURVE PARAN.
INGT76 100. (5) 13-80 | .27 (5) " 13-80 X
11639 600. (5) 13-80.| 1.1 (5) 13-80 X
INGO2 100. (5) 13-80 | .5 (5) 13-80 X

INGO5 20. (6) 228-33 v
IN7O2A | .51 (4) 4.19 2.6 (5) 13-80 | 1. (5) 13-80 | (1) 3.74| X
IH703A 3,5 (5) 13-80 | 1. (5) 13-80 X
IN704A 4.1 (5) 13-80 [ 1. (5) 13-80. X
IH705A 4.8 (5) 13-80 | .91~ (5) 13-80 | (1) 3.75 X

. * N ‘) o
IN706 5.8 (5) 13-80 | .288 (5) 13-80 X
IN709A 6.2 (5) 13-80 | .78 (5) 13-80 X
IM710 6.8 (5) 13-80 .78 (5) 13-80 X
INTNA | 1.9 (1) 7.5 (5) 13-80 ] 2.1 (5) 13-80| (1) 3.82| X
IN712 .2 (5) 13-80| .78 (5) 13-80 X
IN714A To. (5) 13-80] .78 (5) -13-80 X
IN715A 1. (5) 13-80| .78 (5) 13-80 X
IN718A 15. (5) 13-80| .1 | (5) 13-80 ¥

" ¥ XIANZ4dV\



v

DEVICE BULK Z REFERENCE | BREAKDOWN | REFERENCE | DAMAGE | REFERENCE DAMAGE | TRAC

VOLTAGE CONSTANT CURVE PARAY.
1719A 16. (5) 13-80 | .1 (5) 13-80 X
IN721A 20. (5) 13-80 | .35 (5) 13-80 X
TH725A 30. (5) 13-81 | .349 (5) 13-81 X
IN729 43, (5) 13-81 | .07 (5)__13-81 X
117467 3.3 (5) 13-81 | 1.1 (5) "13-81 X
IN747A" 3.6 (5) 13-81 | 1.1 (5) 13-81 1
Im7asn” 3.9 (5) 13-81 | 1.1 (5) 13-81. X
111749 4.3 (5) 13-81 | 1.1 (5) 13-81 r
7508 4.7 (5) 13-81 | 1.1 (5). 13-81 X
IH751A 5.1 (5) 13-e1 | 1.1 (5) 13-g1 | (1) 3.87 | -y
—— 5.6 (5) 13-81 | 1.1 (5) 13-81 [ (1) 3.88| x
753" | .4 @ 410 | 6.2 (5) 13-81 | 1.2 (5) 13-81 [ (1) 3.80 | X
1mzsan” 6.8 (5) 1381 | .63 (5) 13-81 X
TH755n" Y.5 (5) 13-81 | .63 (5) 13-21 X
17560 8.2 (5) 13-81 | .63 (5) 13-81 X
11757A 9.1 (5) 13-81 | .63 (5) 13-81 X
750 lo. (5) 131 | 63 | (5) 13-m Y

¥ XIAN"ady/
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DEVICE BULK Z REFERENCE BREAKDONN REFERENCE DAMAGE REFERENCE DAMAGE TRAC

VOLTAGE CONSTANT CURVE PARA
1H7594 12. (5) 13-p1 | .63 (5) 13-81 X
761 4.9 (5) 13-31 | 1.8 (5) 13-81 X
IN762 5.8 (s) 13-81 | 1.8 (5) 13-81 X
11763 7?4 (5) 13561 | 158 (5) 13281 X
1H763-7 7.0 5y 3381 | 3. ey 13-81 4 (1) 3.96 X
1N766A 12.8 (5) 1387 | 1.8 (5) 13-81 X
1767 15.8 (5) 13-81 | 1.8 (5) 13-81 X
IN760-3 96, (5) 13-81 | 2. (5) 13-81 X
117691 23,5 (5) 13-81 1 1.8 (5) 13-81 v
(ITT) 143160 20; Fud=10 (4) 4.25 26. (8) "3-a1 1 9.5 (5) 13-21| (1) 3.99 X
(TEC) INS16Y) 374.5 (1) 26. (5) 13-21 1.5 (5) 13-81 (1) 3.99] X
11a17 200. (5) 13-81| .46 (5) 13-81 X
11621 6.2 (B) “t3-ga i .577 (5) 13-82 X

Ll N 4

11823 .79 (4) 4.19 6.2 (5) 13-82| 1.8 (5) 13.82] (1) 3.10: X
14945 200, (5) 13-82| .365 (5) 13-82 X
11200 60. R LT (5) 13=82 X
111903 20. (G6) 227-95 =

¥ XIANEddv



1374

DAMAGE

DEVICE BULK Z REFERENCE | BREAKDOMN REFERENCE: | DAMAGE REFERENCE TRAC
VOLTAGE CONSTANT CURVE PARAM.

11908 40, (6) 231-06 v’
(cDe)1:1914° 100. (5) 13-82 | .85 (5) 13-82 v
(GE) THO14 100, (5) 13-82 | .85 (5) 13-82 v
(CLUC-JAI)

11914 100. (5) 13-82 | .85 (5) 13-82 o
(FSC) 111014 100. (5) 13-82 | .85 (5) 13-82 vz
CTT=JRTTT) :

11914 100. (5) 13-82 | .85 (5) 13-82 >
(CDC-JAHTYX)

IN914 100. (5) 13-82 | .85 (5) 13-82 i
(T1)1N914 | 40. (4) 4.25 100. (5) 13-82 | .85 (5) 13-82 o
(LK) THO T4 100. (5) 13-82 | .85 (5) 13-02 V/

1:49145 75. (6) 237-100 . A

IN916 100. (5) 13-82 | .44 (5) 13-82 X

IN933 | 100. (5) 13-82| .014 (5) 13-82 X

&a ‘{-;Knu,/a

M933] | FEST—DATA TWVALID (1) 100. (5) 13-82 | .1 (5) 13-82] (1) 3.104 X

11936 Y. (5) 13-82| .14 (5) 13-82 X

IH936A,B 9. (5) 13-82| 7. (5) 13-82 X

11937 9. (5) 13-82| .824 (5) 13-82 X

1119308 9. (5) 13-82| o, (5) 13-82 X

¥ XIANZdavy




%44

DEVICE BULK Z REFERENCE | BREAKDOWN | REFERENCE | DAMAGE | REFERENCE DAMAGE | TRAC

VOLTAGE CONSTANT CURVE PARA!

111939 a, (5) 13-32 824 (5)_13.02 y |
IN939A 9. (6) 158-96 (1) 3.312) X
IN9398 | 9, (5) 13-82 | 7. (5) 13-82 X
9563 | 2.5; Fwd=3) (4) 4.25 X
IN9605 9. (5) 13-82 | 1. (5) 13-82 |
IN9G1E 10. (5) 13-82' 1. (5) 13-82 X
9638 ™ 12. (5) 13-82 | 1. (5) 13-82 X
IN964D 13. (5) 13-82 | 1. (5) 13-82 X
TH965R™ 55. (5) 13-82 | 1. (5) 13-82 X
IM9678 | 1.9 (4) 4.19 18. (5) 13-82 | .73 (5) 13-82| (1) 3.117 - X
19685 20. (5) 13-82 | 1. (5) 13-82 X
IM9608 22. (5) 13-82 Y (5) 13=82 X
INO708 2. (5) 13-82| 1. (5) 13-82 X
IN972B “50. (5) 13-82| 1. (5) 13-82 X
IN9738 33. (5) 13-82| 1. (5) 13-82 X
119748 36. (5) 13-82| 1. (5) .13-83 X
nqz5n 10 (5) 1383 1. | (5) 13-83 X

¥ XIQNIIAY |
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DEVICE BULK Z * REFERENCE BREAKDOWN REFERENCE DAMAGE REFERENCE - | DAMAGE "TRAC
VOLTAGE CONSTANT CURVE PARAM.
IMO76R 43 (5)_13=23 1 1 (R)__13-82 ¥
IN9778 47, (5) 13-83 | 1. (5) 13-83 - X
IM9798 56, (5) _13-83 | 1, (5) _13-83 X
IM9g818 | 15 (4) 4.19 68. (5) 13-83 | 1.4 (5) 13-83 | (1) 3.121 X
119838 82, (5) 13-83 | 1. (5) 13-83 X
INOB7A.B 120 (5) 1303 | 1 (5)_13-23 y
IN995 15. (6) 227-27 o
IN1095 59.0 (1) 500, (5) 13-83 ] .9 (5) 13-83 (1) 3.55| x
IN1096 600. (5) 13-83 .9 (5) 13-83 X
V1118 100. (5) 13-83 | 11.392 | (5) 13-83 X
_IN112kA 250. (5) 13-83 7.985 (5) 13-83 X
IN1126A 500. (5) 13-83 1k, (5) 13-83 X
IN118k 100. (5) 13-83 31.5 (5) 13-83 X
IN1199A V0. (5) 13-83 | 1s. (5) 13-83 X
E IN1200" 900; Fwd=.q5 (&) k.25 100. (5) 13-83 62.32 (5) 13-83 X
(MUT) IN120¢ 110 (+) h.és 100. (5) 13-83 62.32 (5) 13-83 X §
18
\ HH
IN1201 150. (5) 13-83 62.32 (5) 13-83 X :




4

DAMAGE

TRAC.

DEVICE BULK Z REFERENCE " BREAKDOMN REFERENCE DAMAGE REFERENCE
' VOLTAGE CONSTANT CURVE PARA!
(Ge) 1n120p* gwd"".09 (&) k.25 200. (5) 13-83 21. (5) 13-83 X
"N .
(Mur) IN12p2 Fwd¥.1 (L) k.25 200. (5) 13-83 21, (5) 13-83 X
‘ s=11.6; .
IN1202A | sFwd=12 () 4.25. 200. (6) 275-29 X
11204k Lo (5)_13-83 .1 b6106 | (5) 13-83 X
IN1206 600. (5) 13-83 62,32 (5) 13-83 ‘x‘ '
IN1217 50 (6)_248-110 5.8 (5) 13-83 X.
IN1222B 400. (5) 13-83 2.563 (5) 13-83 X
IN1317A _19. (5) 13-83 .19 (5) 13-83 X
IH1319A 28. (5) 13-83 .19 (5) 13-83 X
ERARYTY 100, (5) 13-83 38.4 (5) 13-83 (1) 3.12%" ) X
IN131}8A 200.. (5) 13-83 1.827 (5) 13-83 X
IN1367 L7, (5) 13-83 3L, (5) 13-83 X
IN1583 200. (5) 13-84% 11.391 | (%) i3-8h X
\ ,
|_TN1585 Loo. (5) 13-84% 3.5 (5) 13-8k4 (1) 3.229 X .
614 200. (5) 13-84 | .38 (5) 13-8k X
M615 480, (5) 13-8 .666 (5) 13-8k X
IN1693 200. (5) 13-8Y 3.2"° (5) 13-84 X

¥ XIANdIdqvy



LY

DEVICE BULK Z REFERENCE BREAKDON REFERENGE DAMAGE REFERENCE DAMAGE TRAC
VOLTAGE CONSTANT CURVE PARAM.
IN1695 400. (5) 13-84 3.2 (5) 13-8k X
IN1T731 1500. (5) 13-8% 3.2 (5) 13-84 X
TN]733A 3000 (5) 13-8L 11.3 (5) 13-84 X.
INLTTOA 9.1 (5) 13-8k 1.2 (5) 13-8k4 (1) 3.133| X
IN1TT3A 12. (5) 13-8k4 1.9 (5) 13-8% X
IN1780A ok, (5) 13-8% | 1.9 (5) " 13-84 X
TN1783 33 (501380 21.3 (5)_ 1384 (1) 3.3 X.
IN1818RA 16. (5) 13-84+ | k.3 (5) 13-8k X
ImA23c A 27 (5)_13-84 4,3 (5)_13-84 X
IN1828C L3, (5) 13-8k4 k.3 (5) 13-84 X
IN183k 75+ (5) 13-8L 33.8 (5) 13-84 X
IN1835A 82, (5) 13-8k4 4.3 (5) 13-84 X
IN1836C 91. (5) }3-8h 4.3 (5) 13-8k X
\ .

IN190k 100. (5) 13-84 28. (5) 13-84 X
TN1909 . 200. (5) 13-84 6.8 (5) 13-84 X
IN2037 12.8 (5) 13-84 .05 - (5) 13-84 X-
IN2154 50. (5) 13-84 20. (5) 13-84 X

v YIQNEddY




8y

DAMAGE

" ¥ XIaNFddy

DEVICE BULK Z REFERENCE BREAKDOMN REFERENCE DAMAGE REFERENCE TRAC

) VOLTAGE CONSTANT CURVE PARAE
IN2158 Loo, (5) 13-8k4 21.5 (5) 13-84 X
IN216L 9.k (5) 13-8% | 2.3 (5) 13-84 X
L IN219Q ~ v

182483 400, (5) 13-8k4 2.1 (5) 13-8k4 X .
IN2610 100. (5) 13-8h4 2.6 (5) 13-8k X
me611 200. (5) 13-85 2.6 (5) 13-85 X
,_1m§61? L0Q (5) 13,R€ 2.4 (5) 13-85 X
IN2615 600. (5) 13-85 | 2.6 (5) 13-85 X
_In2780 100 (5) 13-85 Lo, (5) 13-85 X
IN2795 150. (5) 13-85 |- ko. (5) 13-85 * X
IN2796 200, (5) 13-85 Ldo. (5) 13-85 X
1N2808 10. (5) 13-85 2lg. (5) 13-85 X
IN2818 20. (5) 13-85 2k9. (5) 13-85 X

\ , a .

IN2823B* 30. (5) 13-85 | =2h9 (5) 13-85 X
_INoBoL 33, (5) 13-85 156. (5) 13-85 X
IN2826B 39. (5) 13-85 2l9. (5) 13-85 X
IN284LB 160. (5) 13_85 15. ' (5) 13-85 ) X




6%

DAMAGE

DEVICE BULK Z REFERENCE BREAKDOMN REFERENCE DAMAGE REFERENCE
VOLTAGE CONSTANT CURVE PARAM.
TM98h6R* 200 (5)' i3§ﬁq 15. {5)_13-85 X
IN2862 L0o. (5) 13-85 2.8 (5) 13-85 X
IN2B6h 600. (5) 13-85 2.8 (5) 13-85 X
(tunnel ‘ ‘ ‘ .
| _IN2929A 0.9 diode) (1) 1. (8)_13-85 073 (5)_.13-85 (1) 3.139] X
IN2930 oTh (5) 13-85 .196 (5) 13-85 X
IN29TOB 6.8 (5) 1385 | 185, (5)_13-85 X
IN29T6B 12. (5) 13-8 | 15. (5) 13-85 X
IN2979B 15, (5) 13-85 15. (5) 13-85 X
IN298LBY . 20. (5) 13-85 15. (5) 13-85 X
IN2QB5R, RH 22, 1 (5) 13-85 15, (5) 13-85 X
IN2986B 2k, (5) 13-85 15. (5) 13-85 X
mpqaén 25, _(5) 13-85 15. (5) 13-85 X
IN2988B 217 (5) 13-85 15, (5) 13-85 X
|_TN2989B_ 30. (5) 13-85 15. (5) 13-85 X
IN2991B 36. (5) 13-86 15. (5) 13-86 X
' ~ 3
29958 L7. (5) 13-86 15. (5) 13-86 X . lg
[w]
\ ' b"c‘
IN299TB . 51, (8) 13-86 15 (5)13-84 Y >




0s

BULK Z

TRAC

" ¥ XIANIdJY

DEVICE REFERENCE BREAKDOMN REFERENCE DAMAGE REFERENCE DAMAGE
VOLTAGE CONSTANT. CURVE PARAL

 Io001B 68 (5)13=86 154 (5) 13:86_ X
IN3008B 120. (5) 13-86 15, (5) 13-86 X
IN3015B 200. (5) 13-86 33.84 (5) 13-86 X
IN3016R .8 (5) 13864 19.5 (8)..13-86 (1) 3.34l X
IN3017B 7.5 (5) 13-86 1.9 (5) 13-86 X
IN3019B 9.1 (5) 13-86 1.9 (5) 13-86 X
IN3022B 12. (5) 13-86 1.9 (5) 13-86 X
TN302L* 13. (5) 13-86 1.9 (5) 13-86 X
IN3025B" 16. (5) 13-86 | 1.9 (5) 13-86 X
IN3026B 18 (5).13-86 1.9 (5) 13-86 X
IN3027B 20, (5) 13-86 1.9 (5) 13-86 X

| IN30283 22 (5)_13-86 1.9 (5) 13-86 X
IN3029B 2L, (5) 13-86 1.9 (5) 13-86 X
L30308. 27, (5) 13-86 1.9 (5) 13-86 X
IN3031B 30. (5) 13-86 1.9 (5) 13-86 X
N30338% 36.. (5) 13-86 1.9 (5) 13-86 X

_IN3035B L3, (5) 13-86 1.9 (5) 13-8§ X




1s

DEVICE BULK Z REFERENCE BREAKDOUWN REFERENCE DAMAGE REFERENCE DAMAGE TRAC
. VOLTAGE CONSTANT CURVE PARAM.
IN303TB 51. (5) 13-86 | 1.9 (5) 13-86 X
IN3040B 68. (5) 13-86 1.9 (5) 13-86 X
-HBGJ*}} v (5) 1386— 10 J\S) >3 84 X
s=T; '
IN3OMTB 1=1.2 Typhe  (4) 4,25 130. (6) 202-23 X
IN3051B 200. (5) 13-86 | 1.9 (5) 13-86 X
TN3064* 5 (4) k.25 5. (5) 13-86 .02 (5) 13-86 X
IN3070 . ' 200. (5) 13-86 | .365 (5) 13-86 X
1ﬁ3o71 200. (6) 24k4-50
IN315T 8.k (5)13-87 .625 (5) 13-87 X
1N3189 200. (5) 13-8T7 10. (5) 13-87 X
IN3190 600. | (5) 13-87 [ ka1 (5) 13-87 X
IN3560 UT5 (5) 13-87 .038 (5) 13-87 X
IN3561 L5 (5) 13-87 | .036 (5) 13-87 X
IN3562A 1.7 (5) 1387 | .35 | (5) 13-87 | ox
“IN3600" 5 For & Rey  (l4) k.25 50. (5) 13-87 .18 (5) 13-87 g‘?; IIT 8-11
. 3) III-10 X
TN3605 - Lo. (6) 231-89 v
IN3666 TiL;Fwa®l.d (L) b.2
5 80. (6) 239-36 X

¥ XIaNFddy




(4°]

REFERENCE

BREAKDONN -

\ ¥ XIONZddY

DEVICE BULK Z REFERENCE DAMAGE REFERENCE DAMAGE TRAC .
VOLTAGE CONSTANT. ' CURVE PARA
TM3AKQ 70, (6) 217-16 | S
IN3821 .3.3 (5) 13-87 1.947 (5) 13-87 - X
IN3828A 4,2 (5) 13-87 1.95 (5) 13-87 X
1N2893 400, ('é\ 13-87 6.0 (5) 13-87 X
IN3976 200. (5) 13-87 132. (5) 13-87 X
INkOO1 _ 50. (6) 255-33 z
MOT) INkOOF 200 (%) k425 200. ~ (6) 272-19 - v
TRW) INLOO 130 (4) L.25  200. (6) 272-19 v
INk005 120 (4) k.25 600. (6) 306-28 —
N6 800. (6) 318-48 f’
INb1L8* 5. (6) 238-2 »
Talol) 6. (5) 13-87 33.8k (5) 13-87 X
INU2L5 200, (5) 13-87 | =2.b (5) 13-87 X
\
nhiolo* 1000. (5) 13-87 2.k (5) 13-87 X
INk312 150. (5) 13-87 116 (5) 13-87 X
4370 2.k (5) 13-87 [ .62 (5) 13-87| K
U816 50, (5) 13-87( 6.8 + | (5) 13-87] (1) 3.1 X




€S

DEVICE BULK Z REFERENCE BREAKDOWN REFERENCE DAMAGE "REFERENCE DAMAGE - TRAC .
) VOLTAGE CONSTANT. CURVE PARAM
IN“SI7 100 (5)._13-87 A8 (5} 1387 {2)3.1k8 v
14820 400, (5) 13-87 | 10. (5) 13-87 | (1) 3.8 x
NLE23 100. (5) 13-87 .208 (5) 13-87 X
INL989 200, (8) _13-87 1033 (5) 1387 X
M S C.
IN99 80, (8) 215-65 X
(JANTX)
IN935B "9, (6) 158-82 X
IN9L1B 11.7 (6) 164-68 X
IN2990B 33. (6) 184-160 X
IN315h 8.h (6) 157-8h .X |
3611 200. (6) 273-30 X
TR
INLh60- ‘ .
Thug2 6.2 (6) 149-201 X
(JANTX)
Inhghe 200. (6) 244-87 X
(JANTL) . . "
195 k- 6.8 (6) 152-167 X
r_gf].cfv:r: .
(JANTX)
IN5186 100. (6) 2k1-54 X
10630127-1 (1) 3.44849 x

¥ XIaNadqv




4]

BREAKDGWN

DEVICE BULK Z REFERENCE _VOLTAGE * REFERENCE DAMAGE REFERENCE DAMAGE TRAC
: B N ) - CONSTANT CURVE PARAY.

NU3A 5, 5, 1 (5) 13-89 .28 (5)__13-89 X
oN117 1. 45, | (5) 13-89 .is (5) 13-89 X
2N118 1. | k5. | (5) 13-89 .15 (5) 13-89 X
eN128 20, | 10, 1 (5) 13-89 017 (5) 13-89 X
eN158™. 30. | 60. |(5) 13-89 kg9 (5) 13-89 X
2N1Th 60 80. | (7) bhoo2 v
2N176 bo. |(5) 13-89 A6 (5) 13-89 X
2N189 25.. | (5) 13-89 A7 (5) 13-89 X
2N190 25. | (5) 13-89 .58 (5) 13-89 X
oNRk3 1. | 60. |(5) 13-89 .05 (5) 13-89 X
oNall 1. | 60. |(5) 13-8 [ .05 (5) 13-89 X
2N263 1. | 5. [(5) 13-89 .38 (5) 13-89 X
2N26Y 4. | (5) 13-89 .36 | (5) 13-89 X

: (T)1544

2N270 12107;6218 | (k) 4.25 12. X
2N2Th ' 5 | 35. |(5) 13-89 | .0076 (5) 13-89 X
?N279A 45. | (5) 13-89 KNelllyd (5) 13-89 X
MOT) .
2N29TA 12190;829.5| (4) - k.25 bo.| 60.°|(5) 13-89 .99 (5) 13-89 X

¥ XIANHdY



vae-10

v c-Hb

v LE- k’“’

BREAKDOWN
DEVICE BULK Z REFERENCE VOLTAGE REFERENCE DAMAGE REFERENCE DAMAGE TRAC
_1E=B C=B CONSTANT ; CURVE PARAM.
13;
(RUX) _2NR9yA _ Trwd=12 (0 W1 e A0 (5) _13-89 L1109 (5)_13-89 X
2N315 20. -} 20,  |UT) 1065 v
s=10;
2n328a%* 121480 (4) k.25 20. | 50. | (7) 2294 X
2N329A 50, (4) h.19 20 50.1.(5) 13-89 a2 (5) 13-89 (1) 3.2u6-4 v
2N332 1 bs. | (5) 13-89 b5 (5) 13-89 X
2N333 Tia b, 1 (5) 13-89 30 (5) _13-89 X
(2n33pA) .
(GR) 2N3354 13 (k) %19 . b | b5, | (5) 13-89 /55 (5) 13-89 (1) 3.252 | %
2N335)
(TI) 2N3354 11;Fwd=13 (4) hoos p. 4.} b5, |(5) 13-89 .55 (5) 13-89 (1) 3.252| X
(L] 3+252-3
2N336” 10 for arey () 1.19; 1 45. | (5) 13-89 55 (5) 13-89 (2) II1-22-2 X
= ()—TIT-13
2N336A 10.1 (1) bol b5, |(7) 3093 (1) 3.254 x
2N336X v
2N336Y. -
2N337 1. | 4. j(5) 13-89 | .12 (5) 13-89 X
2N338 1. | 5. |(5) 13-89 .12 (5) 13-89 X
2N339 1. | 55. |(5) 13-89 2. (5) 13-89 X
a3kl 1. | 125.(5) 13-89 1. (5) 13-89 X
an3kh3 5.7 (&) - b.29 1 60." | (5) 13-90 Ol (5) 13-90 (1) 3.261f x

¥ XIANZddv¥



99

BRUGAKDOWi

¥ XIANIIdY

DEVICE BULK Z REFERENCE . VOLTAGE REFERENCE DAMAGE REFERENCE DAMAGE | TRAC
' - Fp__J<=B | CONSTANT CURVE PARA?
N3h3a . 160, 1(s) 31300 | .05 (5) 13-90 ' X
oN356 20, | 20. {(7) 1983 v
2N357 20. [ 20 [(5) 13-90 .05 (5) 13-90 X
2N359 . é. 25, 1 (5) 13-90 .ol (5) _13-90 X
2N 375 230 (4) 4,19 Lo. | 80. |(5) 13-90 1.02 (5) 13-90 (1) 3.265-4 X
2n38h s | w. l(n 816 v
2N385 15. | 25. [(7) 20719 v
on388* 15. 25, |(5) 13-90 .084 (5) 13-90 X
2N389 NO FAILURE | (1) 10. (5) 13-90 2,14 (5) 13-90 (1) 3.215 | X'
2N393" 6. | 6. (1) 58 v
2N395 20. | 30. |[(5) 13-90 | .09 (5) 13-90 X
2N398 50. | 105. | (T) 212 '
WV
onbok* 12.| 25. [(5) 13-90 .05 (5) 13-90 o
Znhoky v
2Nk 20.] 30 (7) 1251 .
ankola 10.| 8o0. |(5) .13-90 10. (5) 13-90
onks5T 20.}| 60." | (7) 385k v




LS

BREAKDOWN , _ _
DEVICE BULK Z REFERENCE . VOLTAGE REFERENCE DAMAGE REFERENCE DAMAGE TRAC
: S S N ) CONSTANT CURVE_ PARAM.
NLG3 50, 60,1 (5)_13-90 6.6 (5) 13-90 X
2NL8o 2, 45. | (5) 13-90 .132 (5) 13-90 X
2nk89 ' X
2NLB9A 160;Fwd=1004 (L) L.25 x
2nk90 60. | 58. | (5) 13-90 1. (5) 13-90 X
21\'!;91' 60, | 58, 1(5) 13-90 1. (5)__13-90 X
2NL95A 1400 (L) k.19 20. | 25. |(5) 13-90 T (5) 13-90 (1) 3.279 X
2nhoT 8. 60. }(5) 13-90 .8 (5) 13-90 X
2n498 4,2 (4) k.19 8. 100. | (5) 13-90 .8 (5) 13-90 (1) 3.283 | x -
2N525 15. ) 5. |(5) 13-90 .3 (5) 13-90 X
(GE) 2n526'| 250 (4) k.19 15. | 45. |(5) 13-90 | .39 (5) 13-90 | (1) 3.289-p0 X
(MoT)_2n526| 15:Fwd=5,7 | (&) L.25 15. | 5. | (5) 13-90 .39 (5) _13-90 (1) 3.289-po X
2N527 15. | 4. |(5) 13-90 3 (5) 13-90 X
2N537 1. | 30. [(5) 13-90 .012 (5) 13-90 "X
2N538 28.| 8o. [(5) 13-90 .5285 (5) 13-90 X
2N539A 8.1 80. | (5) 13-90 | 6. (5) 13-90 X
PN5L0 28. | 80. |(5) 13-90 5285 (5) 13-90 X |

¥ XIONIdav



8§

- BREAKDOWN . :
DEVICE BULK Z REFERENCE _VOLTAGE REFERENCE DAMAGE REFERENCE DAMAGE TRAC
: ‘ - 1 EB___ I _¢-B CONSTANT. CURVE PARA!
Enshe 2. 30. [(5) 13-90 .18 (5) 13-90 X
551 A 60. 1 (5) 13-01 .16 (%) _13-91 X
ONST6A 18 (4) k.19 15. | 0. | (5) 13-91 .023 (5) 13-91 (1) 3.296| X
2N585 20. | 25. | (7) 2006 v
" |2n587 Lo, | 4o, {(5) 13-91 .1k (5) 13-91 _ X
2N595 - 20. {(5) 13-91 .012 (5) 13-91 X
2N597 Ls. | b5. | (7) 1564 v
2N598 160;Fwd=30 (L) k.25 30, 1 35, 1(7) 2157hb v
- |2n618 5T0) (%) %.19 40 80. |(5) 13-91 .88 (5) 13-91 (1) 3.26T | X .
gt |-
24645 v
2N6524 30. | 45. ] (5) 13-91 .118 (5) 13-91 X
2N65‘6 8. | 60. |(5) 13-91 2 (5) 13-91 X
oNEST 3.2 (1) 8. | 100.|(5) 13-01 [ .66 (5) 13-91 | (1) 3.300-L X
¢TI 2N657A | 1.9 (1) 8. | 100.[(5) 13-91 1.07 (5) 13-91 (1) 3.3026 X'
(GE) 2N65TA 16.1 (1) 8. 100.| (5) 13-91 1.07 (5) 13-91 (1) 3.302}5 x
| ' (6)363423 ’
2N682 50.(sCH) .33 _(5) 13-91 X
INSUFFICIENT (6)375487 __. }
2N685 DATA (1) 200.(343) 1.b (5) 13-91 X

¥ XIANIdqv¥



65

BREAKDOWN
VOLTAGE

DEVICE "BULK Z REFERENCE REFERENCE DAMAGE REFERENCE DAMAGE TRAC
- _I%-B —G-B CONSTANT CURVE PARA!
(6) 375487 __
2N68T 300.(SCif) 11.7 (5) 13-91 X
(6) 396410% ~
2N690 600.(SCR) 3.1 (5) 13-91 X
*
2N696 5. 60. | (5) 13-91 1.0 (5) 13-91 X .
oN69T" 5. | 60. | (5) 13-91 | .2 (5) 13-91 v
2N699 6.6 (1) 5. 120. | (5) 13-91 .25 (5) 13-91 X
2N703 5. 25. | (5) 13-91 .08 (5) 13-91 X
2N705 3.51 1§ (71610 v’
(2NTohB
2NTO6B* 3.5.) ] 25. [(5) 13-91 | .0075 |(5) 13-91 Py
2N706. 5. 25. T) 2930
NTOOR ( v,
2N708 5. ko. | (5) 13-91 .03 (5) 13-91 -X
ONT11A v'
2N717 5. | 60. | (5) 13-91 13 (5) 13-91 X
2NT718 5. 60. | (5) 13-91 .13 (5) 13-91
v
ONT18A 7.1 75. ] (5) 1391 | .35 (5) 13-91 X
_2NT720A T. 120.| (7) 3121 v B
)
oNT22 5.1 50. | (1) 24719p o 2
9
2NT26 5. 26. | (5) 13-91 .021 (5) 13-91 X >




09

BREAKDOWN . o
DEVICE BULK -Z * REFERENCE . VOLTAGE REFERENCE DAMAGE REFERENCE DAMAGE | TRAC
: S 50 N TS ) CONSTANT CURVE PARA!
30 5 fa.t(5) 13-91 _ | .16l (5) _13-91 X
2NT736 2.4 (1) 5. | 80, | (5) 13-91 A (5) 13-91 (1) 3.233-4} x.
10;825.1; .
2NT738 Fwd 121.5~3.6 (4) L.25 5. 125. | (7) 30798 X
2N 5 20, | (7) 296k v
2NT56A 6. 60. | (5) 13-92 .32 (5) 13-92 X
2NT5T [ bs, 1(5) 13-92 2032 (5) 13-92 X
2NT60 8. | 5. | (7) 31041 v
2NT60A 35 (4) k.19 8. | 60. |(5) 13-92 .03k (5) 13-92 (1) 3.329 ] X
2N797 20. ] 25. | (7) 2008 ' —
2HB3l 5. | o, |(5) 1302 | .03 (5) 13-92 v
2N835 3 25. | (7T) 2970 v
20859 25, | Lo. | (5) 13-92 .18 (5) 13-92 X
ON869A 5. | 25. [(5) 13-92 .009 (5) 13-92 X
2N910 T. 100. | (5) 13-92 .218 (5) 13-92 X
2N912 7. | 100.](5) 13-92 .07 (5) 13-92 X
oNg1l 5. ] uo. | (5) 13-92 | .ok (5) 13-92 v
| 2no1s 5. 70| (M) 2999 v

¥ XIaNIZdav



19

BREAKDOWN

DEVICE - BULK Z REFERENCE _VOLTAGE REFERENCE DAMAGE REFERENCE DAMAGE TRAC
- 1Ep__I_C-B CONSTANT CURVE PARAIL
28916 5. | 5. | (5) 13-92 | .oi3 (5) 13-92 s
an91T 3. | 30. | (5) 13-92 .00k (5) 13-92 X
21918 3 30, | (5) 13-02 ool (5) 13-00 Ll
2N927 2819 - (1) 70. | 70. | (5) 13-92 .1 (5) 13-92 (1) 3.33% | x
(11) | X
2N230 37 (1) 5 L5t {52302 vols. {5)—33-52 33338 —
|(Fsc) 2N93¢ 5. | 45, | (5) 13-92 " | .ou6 (5) 13-92 ‘| (1) 3.338 | x
219304 23.9 . (1) 6. | 60. |(5) 13-92 .02 (5) 13-92 (1) 3.382 | x
2N955A o
2N96L 251 15, 1 (7)) 1173« v’
2N9T6 2. | 15. |(7) Thec %
2MIQI6E | 6.2 (1) 25 | 100 l(s5) 13.00 | 1.6 (5) 13-02 | (1) 3.3n7. ] V7
21037 20, | 50. |(7) s896 o
oN1039°  |285.1 (1) 20. | 60. [(5) 13-92 | 1.4 (5) 13-92 | (1) 3.351-p -
v
2N1045-1 20. | 100. |(5) 13-92 .55 (5) 13-92 X
2N1048 6. 120. {(5) 13-92 3.9 (5) 13-92 X
oN10L9 6 80. {(5) 13-92 3.9 (5) 13-92 - X
21050 6. | 120.{(5) 13-92 | ¢ | (5) 13-02 X

¥ XIANFddY |



[4°]

BREARDCHEN

DEVICE BULK Z REFERENCE . VOLTAGE REFERENCE DAMAGE REFERENCE 'DAMAGE TRAC
S 5 M ) CONSTANT CURVE PARAM

2N10A9 Q [Ye) (5)13:-92 9.3 (5) 13-92 . X
2H1099 139.4 (1) w. | 80. | (5) 13-92 | 1. (5) 1392 | (1) 3.358 |
2N1115 b4 (1) 20. | (5) 13-92 .38 (5) 13-92 (1) 3.363 | X
2N11.16A 2.9 (1) 6. f0. | (5) 13-92 .98 (5) _13-92 (1) 3.367 | %
2N1118 "10. 25, | (5) 13-93 .19 (5) 13-93 X
oNL12] _15 (4) 4,27 X
(TEC) , - ‘ o

2N1132 4.3 (1) Se 50. | (5) 13-93 .23 (5) 13-93 (1) 3.3712.3 .~
(MOT-JAN) | e+=2.3 : -

oN1132 c+T (4) 4.25 5 50. | (5) 13-93 .23 (5) 13-93 (1)3.372-3] +*
TTI-JAN) | c+=3.9 . )
2N1132 c+%.6 (4) k.25 5. | 50. |(5) 13-93 .23 (5) 13-93 (1)3.372-3}
(FsC) e+=2. b ' o
211132 c+6 (L) k.25 5. 50, 1 (5) 13-93 | .23 (5) 13-93 (1)3.372-3] v~

122.7; : , -
2N1132A s¥18 Fwd=1.} (L4) k.25 5 60. | (7) 2u86v X
2N1136B 100. | (5) 13-93 18.4 (5) 13-93 "X
2N1150 1. | b5. | (5) 13-93 .18 (5) 13-93 X
ON115L4 1. | 50. |(5) 13-93 21. (5) 13-93 X
2N1156 1. 120. | (5) 13-93 18. (5) 13-93 X -
on118l: L 20.| ks, (5) 13-93 L7 (5) 13-93 v
1296; Fwa=] b5
2N120k §250;Twd s=§.8 (4) L.25 4| 200 (T) abss X

¥ XIANZddv|



€9

BREAKDOWN

DEVICE BULK Z REFERENCE _VOLTAGE REFERENCE DAMAGE REFERENCE DAMAGE TRAC
S N ) | CONSTANT, CURVE PARAM.
N1012 10 [%a (W) 13-93 13,129 (5) _13-93 X
2Nl225*' .5 bo, 1(7) 817 . o
2N1289 v
2N1301 —
2N1303 25 | 30. |(5) 13-93 087 " [(5) 13-93 X
2N130k 25. | 25. {(7) 2071 o
2N1306 25. | 25. |(7) 2096 v
oN1307 5. | 30. [(7) 927c v
(GIC) 1=46; 2=62; '
2N1308 - | Fwd=10 () k.25 25. | 25. |[(5) 13-93 .08k (5) 13-93 —
=556075~68— :

(TI) 2N1308 Fwd=35 (¥) k.25 25. | 25. |(5) 13-93 .08k - (5) 13-93 _
PN1309 5. | 30. |(5) 13-93 | .087 (5) 13-93 X
an13k2 5. | 150. | (7) 33624 .
2NLULS 8. | 120.|(5) 13-93 | .5 (5) 13-93 X
o hel 15. | 80. [(5) 13-93 5285 | (5) 13-93 . X
2N1469 Cbo.| bo. |(5) 13-93 +65 (5) 13-93 (1) 3.379| X
1180 12.] 100.| (5) 13-93 | 5.5 (5) 13-93 X
aN1481 12, 60. | (5) 13-93 2.2 (5) 13-93 x|

¥ XIANZddy'




12°]

¥ XIANEAdY |

BREAKDOWN
DEVICE BULK Z REFERENCE VOLTAGE REFERENCE DAMAGE REFERENCE DAMAGE - | TRAC
- IFB __].c-B CONSTANT CURVE PARAL
1483 12 60 QS) 1202 3.633. (q\ 1393 v
om1k8s* 12, | 60. (5)' 13-93 L1 (5) 13-93 X
2n1486 12. | 100. {(5) 13-93 5. (5) 13-93 X
21489 1'n 4Q (5) 1393 12.3 (5) 1393 X
2N1490 10. | 100. | (5) 13-93 12.3 (5) 13-93 X
2N1499 2 20. |(7) U7a v
2N1506 L. (7) b6koy -
21564 5. | 8. I(5) 13-03 | .56 (5) 13-03 X
2N1565 5. | 80. [(5) 13-93 1 (5) 13-93 X
2N1566 5. 80. |(5) 13-93 .11 1(5) 13-93 . X
INSUFFICIENT] (6)366-Fh :
2N1596 DATA (SCR) | (1) 100.SCR| 9k (5) 13-93 (1) 3.220f x
. LIS UFFLC LENT . (O)3(H-§F
PN1602 DATA (SCR) | (1) P00.SCR ko (5) 13-94 (1) 3.225 | X
% @7 Fwd 1%.1;
PN1613 s=3 (&) b.25 To | 175. |[(5) 13-9k .27 (5) 13-9k v
bN1615 8, | 100. |(5) 13-9k .553 (5) 13-9h X
ke [16.8 (1) 0. | 300 [(5) 1394 | .13 (5) 13-9% | (1) 3.383| x
- BN1700 - 6. | 60. {(5) 13-94 4,134 (5) 13-9k X
2N1701 6.1 60.] (5) 13-94 | 1.5 (5) 13-94) X




S9

, _ BREAKDOWN ' .
DEVICE BULK Z REFERENCE . VOLTAGE REFERENCE DAMAGE REFERENCE DAMAGE TRAC
B C-B CONSTANT | CURVE PARAM.
ATQ9 ) 75 (7). k729n v
Rev=k.3; ‘
2N1T711 Fwdél.e (4) k.25 T 5. (5) 13-94 .36 (5) 13-94 v’
2N1722 1.6 (1) 10. | 175. | (5) 13-9% 54.5 I(5) 13-94 (1) 3.388 X
2N1751 2.5 | 80. |(5) 13-9% 1.05 (5) 13-94 X
~ |ana753 5. | 30. [(5) 13-9% -039 (5) 13-9h X
\0)50(-%4 s
2N1TT2A 100.5Cl 651 (5) -13-94 X
(6)381-17 '
2N1776A 300.SCR 1.58k4 (5) 13-9k X
. (T)3-230-T
(T1) (6)386-59 (2) 1II-109
2N1TTTA 12 (4) %.19  [L00.SCR 16 (5) 13-9% |(3) 11-11 X
(GE) ' (6)386-p9 (1) 3.230-1
2NLTTTA 50;Fwd=3 | (4) k.2k L0oo.scR 16 (5) 13-94 §?2 III-109
. \o/) L+Ll-LL
2N18T1A (6)365-p2 '
KO .SCR. 1.1 (5)__13-94 X
2N1890 7. | 100. {(5) 13-9k .27 (5) 13-94 | ‘ X
: g I) 33930
2N1893 10 (¥) k.29 7. | 120. {(5) 13-9k4 o4 (5) 13-9% (2) 1II-27-31
: n 3)_IIT-1k v
ON1900 5. | 140. |(7) L980m: S
oN1916@ 2,22 (5) 13-94 X
ON2015 10. | 100. |(5) 13-94 26.462 | (5) . 13-94 X
(2035 0.1 80. | (5) 13-4 3.633 (5) 13-94 X
bN20LS 2. | 20. |(7) 1166 v

. ¥ XIaNZddvw



29

: BREAKDOWN : _
DEVICE BULK Z REFERENCE . VOLTAGE REFERENCE. DAMAGE REFERENCE DAMAGE TRAC
- 1E=B — G-B CONSTANT CURVE PARA!
2N2060 7 100..1 (5)_-13-9k 21 (5)_13-94 X
2N2087 5. 120, | (7) 33124 '
| 2ne102® 7. | 120. | (5) 13-9% | .77 (5) 13-9% X
22156 25, | g ! (5) 13-0b Rial (5) _13-9h X
2n2188% 2, bo. | (7) 888b v
2N2192 5, - 60, (7)__3359m Al :
2N2198 5;Fwd=3 - (%) k.25 7. | 80. |(7) 3201a X .
2N2218A 6.' 75. | (5) 13-94 .264 (5) 13-94 X
" -
2N2219 5. 6o. | (5) 13-94 .3 (5) 13-94 X
oN2219A 6., | 75, 1(5) 13-9h 261 (5) 13-9k X
(TI) " . . (1) 3.000 |
2N2222 7.2 (k) ka9 5. | 60. [(5) 13-95 .1 (5) 13-95 [(2) III-32-3p
. ¥ a2
(Mor) : ~ (1) 3.%00 j
oN2222 5. 1 60, 1(5) 13-95 .1 (5) 13-95 ](2) I11-32-3p
(FSE) ' (3) I1I-15 .
oN2222 9; Fwd=k | (L) b.ag9;k.2{ 5. | 60. |(5) 13-95 1 (5) 13-95 |(1) 3.k00 o
‘ (2) T17-30-35 V.
‘ (3) 111-15
OND222A 6. | 75. |(5) 13-95 .1 (5) 13-95 X
L’)’393;A - d 100, 0 (5) 13-95 21 (5) .13-95 /
oneoh3 7. | 120. | (7) 3359w e
2N2270 4 £Q (5)_13-905 g (5} 13-95 X

- ¥ XIaNEda¥



L9

BREAKDOWN

. DAMAGE

DEVICE BULK Z REFERENCE VOLTAGE REFERENCE DAMAGE REFERENCE TRAC
- IFp___1_¢c=B _CONSTANT , CURVE PARANL
2NP297 9,2 (L) .25 T j2la} (7)—33681c —
2N2323 3.2 ' (4) k.25 ' X
_ INSUFTICIEN] (6) 366 F106
| 2N23L46 DATA (SCR) (1) 100.SCR 3.2 (5) 13-95 (1) 3.236 T- X
2N2368 .hl; bo | (7) 3005 v
2N2369 4.5 ] ho. | (7) 3025 e v’
ON2369A L5 Lo (5).13.95 fate} (5) 13 95 s
oN2k11 5. | 5. |(7) 2m7 v
oNal1T _30.} 35. |(5) 13-95 .549 (5) _13-95 X
2n2k32 15. | 30. |(5) 13-95 .189 (5) 13-95 X
2n2h53 REV=7.5 Fudsl (L) 4,25 1. 60. 1 (7) 28058. v
on2h81 5. bo. |(5) 13-95 .099 (5) 13-95 v’
2248k 6 60, 1(7) 2993v e
2N2509 7. |125. |(5) 13-95 .126 (5) 13-95 X
2N2516 8. 80. |(5) 13-95 .209 | (5) 13-95 ' X
2538 - S 60 (7} 31100 7
2N2563 _20.{ 100.| (5) 1395 .55 (5) 13-95 X
2N2605 6.1 .60.1 (7)) 2480x X

¥ XIQNZdav
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: o BREAKDOWN 1} :
DEVICE BULK Z REFERENCE . VOLTAGE REFERENCE DAMAGE REFERENCE DAMAGE TRAC
: BB __J_C-=B CONSTANT. CURVE PARA!
A'_'(", ‘l(r) ) Lo
{pnﬁhé- 30 35 (5)..13-05 12 (5) _13-95 .
2N2656 5. | 25. | (7) 2999m i
| 2n2695 b | 25. | (T) 2837 v
22708 3. 35,1 (5) 3308 018 (5) _13-95 z
2H2727 1 For & Rev| (&) k.25 10. | 200.) (7) 34k49a X
2Né78h* b 15. 1 (7) 297hp
2N2801 3; For 1.5 | (4) k.25 5. 50. | (7) 2502a
2N2808 Lt
2N28U5 5. | 60. | (7) 2999n L
2NP85T 25| 30, |(5) 1395 | .018 (5) 13-95 X
2N2887 b, | 100.] (7) 4751c v
N * (dN26§ :'M& .
2N289LA i, u.s) 12. | (5) 13-95 .03 (5) 13-95 _
2N2g0kA 5. 60. |(5) 1395 | .21 [(5) 1395 X
2N2905 .5 60. | (5) 13-95 .221 (5) 13-95 o '
2N2906 6.6 (1). 5. | 60. | (5) 13-95 ,0lk (5) 13-95 (1) 3.405] X
N2QCHA 5 %) (5) 3_,-g§ 22] (8) _13-95 X
ey ® : L : o 2) III-38-k] ‘.
2N290TA . 5 For & R{v (4) k.2k 5.1 60.] (5) 13-95 .1 (5) 13-95 ( )'111-210 v

{3 II=I2,ITI1-10

\¥ XIQNFday
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BREAKDOWN

DAMAGE

DAMAGE

TRAC .

DEVICE BULK Z REFERENCE _VOLTAGE REFERENCE REFERENCE
: o S 2 ) CONSTANT ' CURVE PARAM_
' . ' (2) 111-§8-11

22920 16 (L) L.oh 6. 1 60. | (5) 13=95 .0l . (5) 13-95 (3)4}}Ix;igj 17 X
2N2996" 3. | 15. | (5) 13-95 | .01 (5) 13-95 X
2N301h4 5. | bo. (5) 13-95 .02 (5) 13-95 x
2N3017 'h. 100.] (7) 'ho75n v’
2N3050 5..1 25. | (5) 13-95 .01 (5) 13-95 X
2N3053* 5. 60. | (5) 13-96 . 721 1 (5) 13-96 X
2N305k 7. | 90. | (5) 13-96 | 3.633 |(5) 13-96 v
2N3055* T. 100. (5) 13-96 20.084 (5) 13~96 X

| 2uz069- : X
oN3118 b | 85. | (5) 13-96 | .53 (5) 13-96 "X
2N3119 L, 100.| (7) u6L5 -
283217 15.{ 15. | (5) 13-96 .126 (5) 13-96 ) X
A7 A .hn ( 7\ 022a X .
2N3235 7.1 65. | (5) 13-96 20. (5) 13-96 X
on32ko v 8. 160.1 (5) 13-96 1.5 (5) 13-96 X
2N32hh Se Lo. (7) hh95h PE
2N3251 s.| s0.| (5) 1396 | .3 | (5) 13-96 _

¥ XIQNHJdV .




oL

BREAKDOWN

DEVICE BULK Z REFERENCE _VOLTAGE REFERENCE DAMAGE | REFERENCE DAMAGE TRAC
- 5T _<C-=8 CONSTANT ' CURVE | PARAM.
ON3252 5, 60, | _(7) L663p el
2N3283 5| o250 (1) Th3e v
2N3287 3. ho. | (T) 281_8a v
. ® )
2N3308 3 20, 1 (5) 13-96 ,12 (5) _13-96 X
2N3309 3. | s0.| (1) Mes59f v
2N338k 30, | (5) 13-96 .09k (5) 13-96 ° X
2N3436 50. | (5) 13-96 .hes (5) 13-96 X
oN3LLo* _T.| 300.) (5) 13-96 | 1.75 (5) 13-96 X_
2N3k99 6. | 100.] (7) u6oka -
2N3546_ b5l 15, | (7) oubab T X -
2N3570 3. | 30. | (7) 2821¢ X
2N3585 ' 6.1 uho.| (5) 13-97 | 5.278 | (5) 13-96 X
2N3633 ho| 15. | (1) 2975e o
2N3636 (4) L.25 5.1 175.] (7) Luo8 X
2N3708 6.1 30.] (5) 13-96 «507 (5) 13-96 X
2N3725 6 80. | (7) 3413a X '
2N3T77 8 100.} (5) 13-96 2. (5) 13-96 X

¥ XIANEday]
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BREAKDOWN

DEVICE BULK Z REFERENCE _VOLTAGE REFERENCE DAMAGE REFERENCE DAMAGE TRAC
- 5B -5 CONSTANT CURVE PARANL
N3785 5. 50, ) _(5)_13-96 ,012 (5) 13-96 X
2N3819 25.1 25.| (5) 13-96 22 (5) 13-96 X
2N3823 30.] 30.} (5) 13f96 .228 (5) 13-96 X
2N3828 2, 4o, | (7) _2961s \/
2N3902 5. | hkoo. (5) 13-96 43.35 (5) 13-96 X
2N3907 6. | 60.] (5) 13-96 .165 (5) 13-96 X
2N3960 k.5t 20.{ (7) 3075m X
2NL037 T. 60. | (5) 13-96 .0U5 (5) 13-96 X
2NLk260 L.s| 15. | (7) 2269k X
2Nk392 ) X
2nhu16* X
2NL656A X
2N5109 3.1 Lbo.| (7) Lu6kOn X
v’
v’
v’
R4

¥ XIANdddY




: : BREAKDOWN : . :
DEVICE BULK Z REFERENCE |  VOLTAGE - | ' REFERENCE DAMAGE REFERENCE DAMAGE * | TRAC

B C=B.L. | CONSTANT. _ __CURVE PARA
1 7 200, (s) 13-88 | 18, (5)_13-88 X
™27 200. (5) 13-88 éo. (5) 13-88 X
Bl 800. (5). 13-88 | 11. (5) 13-88 X
T™M124 1200 (5) -12-&8 1l. (5) 13-88 X
uTal2 200 (5) 13-88 | 2.6 (5) 13-88 X
U254 ﬁ'ﬂgifwdd.- (L) k.25 Lt
Uz110 o X
UZ130 '
Type3102 X
Type 4501 x
Type 5420

¥ XIONEddY
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BREAKDOWN

DAMNAGE

DEVICE BULK Z REFERENCE | .VOLTAGE 'REFERENCE DAMAGE REFERENCE ! TRAC
: - E=E__]_c=B | CONSTANT, CURVE PARAY.
AMZ, 50, (5)__13-87 1. (5) 13-87 X
€SD2559 X
CTP632 X
pk330 30, (6) 43k-10 2001 (5) 13-87 : X
. 2) 111-1381: o
III-10 X
DASk-1 9.3 (3) (3)ITm 0TI T1
(2)11I-18-21f -
DJIXR-936 (3)1III-12 | X
FD300 125 (5) _13-87 .18 (5) 13-87 ) x :
FD700 X
FD339 X
G129 DATA FAULTY| (1) X .
IATO09 35 (k) k.25 X
HDA1001 "
LN75497 0,9 (1) 1.9 (5) 13-96 X
LNT5638 1.2, (1) 2.3 (5) 13-96 X
MC267G X
MC351G X
x4

MC355G

' ¥ XIaN@ddy'
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BREAKDOWN

 DEVICE BULK Z REFERENCE _VOLTAGE REFERENCE DAMAGE | REFERENCE DAMAGE | TRAC
R 2 N ) : CONSTANT. CURVE PARAY.
laasi7019/4-1 (1) .m0 ]l X
MIS17039/1}-1 (1) 3.416-7 X
MIS1781/1-1 (1) 3.b23 | X
MIS17186 (1) 3.428-9 X
MIS17240 , (1) 3.434 | X
MIS17331 1 (5) 13-96 .| (1) 3.439 | X
MIS17409/1}1 (1) 3..43 ] x
PS5332 X
PS10245 1.1 (1) X
Q25AH = X
QB5AH X
R2270T5L49T (1) 3.U52] X
R227075638 (1) 3.153 X
239 X
RD211 X
N220° X
RD221 X

¥ XIANZdAY
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BREAKDOWN

DEVICE " BULK Z. REFERENCE . VOLTAGE REFERENCE DAMAGE | REFERENCE DAMAGE | TRAC
- F-b___Tl.C-B CONSTANT CURVE.. PARAM.
52676 X
sG22 .23 (5) 13-87 X
SG5598 X
SLDI1OEC ‘ 10,000 (5) 13-87 X
1=450; .
SM692-1 s+70; fwd>3 (4) k.25 X
SN7311 X
Sv138 h.'(' (1) X
SV1035 26. (5) 13-88 1.71 (5) 13-88 X
SV2092 2.6 (5) 13-88 X
Sv2183 2.6 (5) 13-88 X
SW1115 X
TNSUITICIEN :
sw3oke DATA (SCR) | (1) 1 (5) 13-97 X
SZTLL X
71482 5. 20. | (5) 13-96 21 (5) 13-96 X
T1L487 6. 80. | (5) 13-97 k.5 (5) 13-97 X
TIXM101 3 15. | (5) 13-97 .01 (5) 13-97 X
| 7 70, (5) 13-88 | 2o. (5) 13-88 X

¥ XIANHdAY .




APPENDIX B
A LISTING OF SEMICONDUCTOR DEVICES ON FILE
AS OF- 19 FEBRUARY 1975

Diodes and transistors for which bulk surge impedance values were
not available have been assigned a typical value of 21 ohms.
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APPENDIX C
GAUSS SUBROUTINE DESCRIPTION

The GAUSS subroutine was created to calculate the amplitude and
duration of power dissipated in circuit components. The criteria of the
maximum amplitude and the time width at half maximum of power peaks may
be applied in conjunction with empirical power-time damage curves to
determine the probability that the circuit element will be damaged.

Admittedly, the criteria used in deciding what constitutes a peak
are somewhat arbitrary. The method used by the GAUSS subroutine for
dividing a waveshape into peaks is outlined below:

(a) Starting at the point of maximum amplitude, if another peak is
encountered before the value falls to one-half the maximum value, the
peak is considered part of the main peak. The search is continued until
a minimum is found that is lower than that of the half-power point (see
fig, C-1). The region between these minima on either side of the maxima
constitutes a peak.

A POWER

MAXIMUM AMPLITUDE

HALF POWER POINTS

1] 1

HALF-WIDTH

|

1 TIME
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I ty

|

|
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[

-,
L]

~

PEAK BOUNDARIES

Figure C-1l. Heuristic waveform.
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(b) The drea used for the highest peak is then deleted and a search
made of the rest of the peaks for the second highest. (It should be
noted that the half-maximum point is determined relative to the
amplitude of the peak under consideration.) This process is continued
until N peaks have been found where N is selected by the user. If no
more peaks exist, the search will stop automatically.

(c) The half-width is found by using

t
j;z P(I) At(I)

1/2
/ PMAX

°
For each peak where P(I) is the power at each value of time, At(I) is

the spacing of the channels, and P” is the maximum value for the peak
under consideration.

(d) The major peaks are then ranked in importance according to the
size of their K value, where

K(I)=PMAx\'t1/2 .

Inputs to the GAUSS subroutine come from the TRAC independent and
dependent variable arrays TF(I) and XP(J), respectively. The TF
contains time values and XP contains the value of the dependent
variable, be it voltage, current, or power associated with each TF
value, The dimension of TF is 350. The dimension of XP is 700 but TRAC
uses only the first 350 entries for item versus time plots. The program
takes the arrays and first finds the points where the derivative
9 (XP) /3 (TF) is zero and.stores them as maxima or minima in arrays "MAX"
and "MIN." When all maxima and minima have been found, the program will
search for the highest maximum and store the value as VALMAX which
corresponds to the output AMPLITUDE.

From the highest peak, the program looks at minima on both sides to
find the closest minimum that is below the half-power point on the
curve, To do this, MBAC and MFOR are used as increments to move through
the array of minimums., Knowing the minimum that occurs before the first
half-power point, a starting indicator MINKA is set on that channel.
The process is repeated on the other side of the peak and MINKA 1 is set
as a termination indicator. The area along the time axis of the first
peak is then deleted from consideration. A search of the other maxima
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The process is repeated until all
peaks have been found where N is

is made to find the next highest.
peaks have been found or until N
specified by the user.

If the left or right side of the graph is reached without finding a
half-power point, an error message of LEFT OVERFLOW or RIGHT OVERFLOW
will be printed, and the first or 1last channel will be used as the
boundary.

As each peak is analyzed, the data are stored in a group of arrays.
A subroutine called HAFWID is called for each peak in order to compute
half width and the ranking constant. The arrays are the following:

AMPL(I) Contains the value of the amplitude.

VALK (I) Contains the "K" value.

THAF (I) Contains the half width. "

IRBOUN (I) Contains the right boundary.

IMAX(I) Contains the channel number of the méximum.
ILBOUN(I) Contains the left boundary.

INUM(I) Contains the peak number from left to right.

After these data are accumulated for all peaks, the program prints a
table of the calculated data following the TRAC plots. The output of
the subroutine appears in ten columns, the last two of which give the
plot identification such as NODE 10 or SOURCE 3. The first seven--in
the order they appear--are peak, left channel, maximum channel, right
channel, amplitude, half width, ranking constant, PEAK gives the peak
number counting from the left side of the graph. It should be noted
that the subroutine may count peaks that exist but are invisible because
of the scale of the graph. LCHNL and RCHNL denote the position of the
left and right boundaries of the particular peak under examination.
MAX CHNL gives the time position of the maximum of the peak.

The values of AMPLITUDE, HALFWIDTH, and DAMAGE PRODUCT (Pmax'tl/Z)
are displayed in the next three columns. The eighth column gives the
rank of the peak determined by the magnitude of the damage product
compared with other peaks on the same graph.

Figure C-2 displays the flow of subroutine GAUSS3,
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SET + TEST
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APPENDIX D
SCOPE CONTROL CARD STRUCTURE FOR DAMTRAC USAGE
(OVERLAY VERSION)

JOB.
TASK.

ATTACH,F1,0VERTRAC, 1D=EM7160k4 ,PW=MSEPP ,MR=1.

1  ATTACH,SUBTRAC,SUBTRAC, lD—EM7I604 PW—MSEPP sMR=1,

LlBRARY(SUBTRAC)

ATTACH, TAPE11,D10DES 1 D=EM71604 ,PW=ADMI ,ADM2 ,ADM3 , ADM4 , ADM5,
ATTACH , TAPE12, TRANS , 1 D=EM71604 ,PW=ADM1 , ADM2 ,ADM3, ADM , ADMS5.
EXTEND (TAPE11)

EXTEND (TAPE12)

REQUEST,F3,HI,VSN=nnn.  (NORING)

COPYBF,F3,TAPE7.

REWIND,TAPE7.

FTN,A,R=1.

EDITLIB(USER,L=TRASH)
LIBRARY (F2)

MAP (PART)
LOAD(F1)
NOGO.
TRAC.

EXIT.

7/8/9

{TRAEQ deck}
7/8/9

LIBRARY (F2,NEW)
REWIND (LGO)

ADD (*,SUBTRAC,LIB)
ADD (*,LGO)

~ FINISH.
ENDRUN.

7/8/9

{Data Deck}

6/7/8/9
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1.

2,

4.

5.

6.

Attach program files, declare SUBTRAC to be a library file.

All cards in this section are optional. Attach the transistor and
diode data files, and request that these files be extended to allow
program directed writes. Attach a magnetic tape containing voltage
source description data, and copy this tape to logical file TAPE7.
Compile subroutine TRAEQ, place binary output on LGO.

Read and execute the library directives in Section 6. Declare a
local file F2 to be a library file.

Load the overlays contained on file Fl into a file TRAC, producing a
partial map. Execute the program on file TRAC.

Library directives: combine the programs contained in SUBTRAC and
LGO into a single library file, F2,
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