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Abstract

A cross-functional team Ofprocess, product, quality, material, and design lab
, engineers was assembled to develop an environmentally friendly cleaning

process for leadless chip carrier assemblies (LCCAs). Using flush and filter
testing, Auger surface analysis, GC-Mass spectrophotometry, production yield

, results, and electrical test results over an extended testing period, the team
developed an aqueous cleaning process for LCCAs. The aqueous process
replaced the Freon vapor degreasing/ultrasonic rinse process.

• ,

Summary
A cross-functionalteam of process,product,quality,material,and designlab engineerswas
assembled to investigatethe cleaning issues for leadlesschip carrier assemblies (LCCAs). The
purpose for this investigation was to develop an environmentally friendly cleaning process for
LCCAs to eliminate the use of Freon. Using the TQ process, the team analyzed the current
process, brainstormed possiblealternatives, and then investigated their feasibility. To identify
the root causes of contamination, ali storage conditions and handling procedure for ali
components and assembliesfrom stores through production were investigated. The major
.contaminants of concern were ionic, particulate, and human debris.

The testing methods used to determine component and assembly cleanliness included flush
and filter testing, Auger surface analysis, and GC-Mass spectrophotometry. Flush and filter .
testing was used to determine the quantity of particles that were 0.45 microns and larger on a
part. The procedure was to ultrasonically clean (40 KHz) a part for 2 minutes. The part was
contained in a test tube filled with 20 ml of DI water filtered to 0.2 micron. The contents of the
test tube were then vacuum filtered through 0.45-micron filter paper. The paper was examined
under 640X microscope to look for particles. Ali work was done in a class 100 clean bench.
Several blanks and base line runs were done before and during the testing to determine
background particle contamination. Auger surface analysiswas run to base line the organic
contamination level and measure the cleaning ability of several solvents. GC-Mass
spectrophotometry was used to identify the organic contaminants.

The resultsof the flush and filter testing showed that the most grossly contaminated parts were
packages after die attach and the die attach collets. A high number of silicon, gold, ceramic,

,, eutectic, and white foreign material particles were found Inthe packages and on the collets. No
particle contamination was removed from Kovar lids. Auger surface analysis revealed LCC
packages were not contaminated by organic materials. Auger of the Kovar lids did reveal

' organic materials present. Cleaning the lids by alcohol or oxygen plasma removed the organic
material. GC-Mass spectrophotometryidentified the contaminantsas oleamide, erucamlde (slip
agents used on polyethylene bags), and trace amounts of polyethylene. On the average,
0.01 mg of residue was on each lid. From these results itwas determined that LCCAs should
be ultrasonically cleaned in DI water before and after die attach to remove particles and ionic.



A DI water flush in a cascadingtank was recommended for assemblies prior to sealing, The
smallamountof contaminationon lidswas consideredinsignificant,and lidswere not to be
cleaned,

With a new aqueousprocessdeveloped,verificationof productproduclbilltyand reliabilitywas
required, To measure produclblllty,sampleparts from excessmaterialwere assembledand
productionyieldswere measured. To measure reliability,six lotsof common radarpartswere
assembledand tested. Three lotswere assembledusingWR proceduresandcleaned with
CFC-113, Three identicallotswere assembledfollowingtheWR proc,edures and substituting
the newaqueouscleaningprocessfor the CFC-113, The lotswere tested to the following
requirements. ,

• Theassemblieswere testedto the requirementsof their respectiveproductspecifications,

• Twentypieces from each lot underwenthightemperaturereversebias (HTRB) for
. 500 hours at 175°C, No failures could occurwhen electrically tested.

• Moistureanalysisof five of each set of twentyparts wasrun. Moisturelevel mustbe below
3000 ppm.

• Comparisonwas made betweenthe data collectedon aqueous-cleanedand CFC-cleaned
parts.

Results of the productbility experiments, in Table 1, showed production yields to be equal for
Freon- and aqueous-cleaned parts, The comparison of electrical data between Freon-cleaned
LCCAs and aqueous-cleaned LCCAs showed no statistical difference, Residual gas analysis
indicated that average moisture in Freon-cleaned LCCAs was 392 ppm and for aq'ueous
cleaned LCCAs was 498,ppm after 500-hour life test,

Table 1. Yield Data for LCCAs Cleaned by Aqueous and Freon Processes

Aqueous Freon (Historical)
PIND (5 Runs) 24/25 (96%) 96.4%

NDPT 150/150 (100%) 99,5%
Sealing 140/140 (100%) 99.7%

The conclusiondrawn from the data gathered was that aqueous cleaning of LCCAs can replace
the Freon vapor degreasing processwith no detrimental consequences.
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Discussion

Scope and Purpose
i

" The purposeof this projectwas to develop an environmentally friendly cleaningprocess for
LCCA productionto eliminatevapordegreaslngwithFreon, in developinga new,

• environmentallyfriendly cleaning processthe following pointswere consideredcritical.

o Productreliabilitymustremain at presentlevel.

• Productyieldsmustmaintaincurrentlevel.

,, New cleaningmustmeet or exceed alienvironmentalregulations,

Activity

Backaroundw

The passingof the MontrealProtocolrequiringthe eliminationof CFCs led to the opportunityto
closelyevaluatethe cleaningand handlingproceduresfor semiconductorpackaging. Forthe
past ten years,cleaninghad beendone byvapordegreasingand ultrasonicrinsingin
trtchlorotrifluoroethane(CFC-113). Thiscleaningmethodwas originallychosen becauseof the
benignnatureof the solventcoupledwiththe aggressiveultrasonicpowerto remove particles.

A cross-functionalteam of process,product,quality,material,and designlab engineerswas
assembledto investigatethe cleaningissuesfor LCCAs, UsingtheTQ process,the team
analyzedthe currentprocess,brainstormedpossiblealternatives,andthen investigatedtheir
feasibility. To identifythe rootcausesof contamination,investigationof storespackaging
materialandhandlingprocedurefor ali componentsand assemblieswas done. The major
contaminantsof concernwere ionic,particulate,and humandebris.

To developa new cleaningprocedure,thegroupbegan bylistingcleaningsolutionsbased upon
the environmentalimpact,operatorsafety,and costof material. The cleaningsolutionranking
from mostto leastenvironmentallyfriendlywas as follows:

1. No clean

2. Carbondioxidesnow (specificallyfor particulate)

•, 3. DI water

4. DI waterwithsurfactant

5. DI waterwithdetergent

6. Organicsolvent
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The process listwas thenestablished, based upon the mechanical agitation the processwould
impart on the product,Rankingfrom.mostmildto mostaggressivewas as follows:

1. Immersion

2. Immersionwith stirring or dipping

3. Spray

4, Ultrasonic

5. Carbondioxidesnow

Combiningthe cleaningsolutionlistwiththe rnechanlcalagitationlist gave 19 cleaning
alternativesto potentiallyreplaceCFC vapor degreasing.

Experimentation

Phase One

The general cleanlinessof the LCC packages in storeswas investigatedfirstto determinethe
bestcleaningprocessfor that component. Packageswere storedin groupsof 100 in
polypropylenecontainers.The containerswere storedin nitrogencabinetsin the clean room.
As jobswere releasedto the manufacturingfloor,a containerof 100 packageswas removed
from thenitrogencabinetand sentwiththe die and lids. The packageswere not typically
handledindividuallybythe storekeeper. If the storekeeperwas requiredto handle any
packages,a vacuumpencilor tweezerswere used.

' Two testswere runon the packagesto measuretheircleanlinessas received on the
manufacturingfloorfrom stores. Firstwas a flushandfilter test to determineparticulate
contaminationlevel. Second,Auger surfaceanalysiswas run to determinethe surface

[] condition and measure the cleaning ability of differentcleaning processes. Concurrently with
_. empty package testing, packages with die attached (having gone through eutectic die attach

I process)were being run through the same battery of tests.__ Flush and filter testing was used to determine the quantity of particles 0.45 microns and larger
which were present on a part. The procedure was to ultrasonically clean (40 KHz) a part for
2 minutes. The part was contained in a test tube filled with 20 ml of DI water filtered to
0.2 micron. The contents of the test tube are then vacuum filtered through 0.45-micron filter
paper. The paper is examined under 640X microscope to look for particles. Ali the work was
done in a class 100 clean bench, Several blanks and base line runs were done before and
during the testing to determine background particle contamination. _"

The general cleanlinessof the combo lids in storeswas investigatednext. Combo lids were
stored in groups of 100 in polyethylene bags inside polyethylene boxes and tightly packed with
low-density polypropylene foam. The boxes of lids were stored in nitrogen cabinets in the clean
room. As jobs were released to the manufacturing floor, a bag of 100 lids was removed from
one of the polyethylene boxes and sent with the di_ and packages. The lids were not handled
individually by the storekeeper.

4
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Three tests were run on the combo lids to measure the cleanlinessof lids as received on tt',e
manufacturingfloorfromstores. Firstwas a flushandfiltel test to determine particulate
contaminationlevel. Next, Augersurface analysiswas usedto determinethicknessof
contaminatingmaterialand measurethe cleaningabilityof differentcleaningprocesses. Third,

o GC-Mass spectrophotometryand gravimetric analysiswere run using methylene chloride as the
solvent to determine the type and quantity of contaminating organics.

" Lastly,the equipment, handling, and the assembly processflow through lidding were
investigated for contamination. Items such as die toilets used on a die attach machine, waffle
packs, conductive boxes, and handling fixtures were run through flush and filter testing,
Assemblies were retested after die attach, wire bonding, pull testing, and storage, looking for
particulate contamination.

Phase Two

Fromthe resultsobtained in Phase 1 of the experimentation,the followingcleaningprocesses
were proposedfor testlng bythe team.

1. Emptypackagesand packagescontainingdie wouldbe ultrasonicallycleaned fortwo
minutes inDI water, followedby a DI waterspray rinsefor 30 seconds,nitrogenblowoff,
and ovendrying. To maintainthewater integrityduringthe ultrasonicstep, a cascading
tank was usedand the flow rate of the DI water was set at 0.5 gpm.

= 2. Packageswith wire bonds attached would be flushed by'flowing DI water in a cascading
tank. The flow rate of the water was to be 2.0 gpm.

3. The contamination on the lidswas considered minute, and lids were not to be cleaned.

With a new cleaning process established that met the environmentally friendly issue, test parts
were run to verify that the process met with the established yield requirement. The yield
requirements assessedwere wire pull testing (NDPT), sealing,particle-induced noise detection
(PIND) testing, and residual gas analysis (RGA). Also, to verify the reliability and to qualify the
process for production, six lots of LCCAs were assembled and electrically and mechanically
tested. Three lots were assembled using the current WR proces_ with CFC-113 cleaning, and

_. three lots were assembled by the WR process, substituting the new aqueous cleaning process
; for the CFC-113 process. The LCCAs containeda sample of ali dice used for the common
7 radar program. Testing included the following requirements.

1. The products were tested to the requirements of their respective product specifications.

2. Twenty pieces from each lot underwent high temperature reverse,bias for 500 hours at
175°C. No failures could occur when _lectrically tested.

3. Moisture analysis of five of each set of _.wentyparts was run. Moisture level must be below
3000 ppm.
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4. The electrical data was analyzedfor trends. Comparison of the data between aqueous-
clear,ad and CFC-cleaned parts wasdone. Assuming no statisticaldifference between the
two groups of d_'4ta,aqueous cleanir,g was appr,_ved.

Results

Phase One

The overallresuttsof the flush and filter testingcan be seen in Table2.

Table 2. Numbercf ParticlesCapturedDuringFlushand FilterTesting(ParticleSize
0.45 Micron and Larger)

Test Quantity Gold Ceramic Silicon Eutectic Fibers Other
Item Tested (#/cm2) (#/crn2) (#/cre2) (#/cre2) (#/cm2) (#/cm2)

Empty 10 100±25 10±5 ND ND 2±2 10±5
package

Die 10 50±15 10±5 15±10 10+10 ND 170±25
attach

package ..
Wire 10 50±'i5 ND ND ND ND 1+1
bond

,_ package
:. Li:_s 12 ND ND ND ND ND ND
=_ Co"ets_ 4 170±50 80±30 140_.50 50+25 ND Infinite
| Waffle 3 ND ND ND NO ND 400±100,,'BI

packs
Handling 3 ND ND ND ND ND 5:1:5
fixtL:.-_

Tab!e 2 repre_ents average nurnbersof particlesper _quare centimeter of filter paper
recove;ed from each item,withan estimatedrange basedon data collectedfrom multipleruns.
As can be seen from the table, the mostgrosslycontaminatedpartswere packages after die
attachandthe die attachc,ollets. The particleslistedunderthe othercategoryfor die attach
packageswere a white i,_reignmaterial. The possiblesourcesof the materialwere residual
adhesiveon the die, waffle pack debris, or human debris.

&,larger number of gold flakes were shed from the packages during the ultrasonic cleaning. ,,
Subsequent ultrasonic cleaning (up to five runs) continued to yield very high gold flake counts,
indicating that the package will continually shed gold plating during ultrasonic cleaning. Repeat
cleaning of any package (empty, die attached, wire bonded) would result in only gold flakes
being recovered. Ali other particles _ere removed during the first run.

6
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Surface analysisof packagesreceived from storeswas runto determinethe organic
contaminationlevel. A sampleof ;6 LCCswas pulledfrom stores. Four"were not cleaned,four
were cleaned inalcohol,fourwere Cleanedin DI water, and four were vapordegreasedin
CFC-113 (baseline). The resultsshown inFigure1 indicatethat packages were free of organic
contamination. Ali had carbon-to-gold ratiosbetween0.765 and 1.17, indicating a clean
surface. A carbon-to-goldpeak ratioofzero (0) would indicatean absolutelycleansurface.
Theonlyway to achieve an absolutelycleansurface isto plasmaclean and never removethe

! a

partfromthe vacuum. Once exposedto factoryair, carbonwilldepositon the surface of the
part. A carbon-to-goldratiobelow2.0 has lessthan 100 A of organiccontamination.

W_ter Cleaned No Clean Freon Cleaned Alcohol Cleaned

d-E dN dig

Peak R-,tzos:

: _q : C/Au - Z.00 _u
S/Au - .722 PB_k R_tios:

Peak Ratios: . C/Au - .171

C/Au - .375 S/Au - .400

S/Au - .438 "'

- 0 200 400 0 200 400 0 200 400 0 200 400

lib

| Figure1. AugerResulAsfor CeramicPackages

Auger analysiswas al_o runon a sampleof ninelids,threeuncleaned,threecleaned in alcohol,
andthree oxygenplasn_acleaned. The resultsof theAugeranalysiscarl beseen in Figure2.
Uncleanedlidsshowed,arelatively large carbon peak and smaller sulfur peak. The low energy
gold peak is masked because of the carbon thickness. "Thisis an indicationof the organic
contamination which was identified by GC-Mass spec. Lids which were alcohol cleaned
showed great improvement over the uncleaned lids, and the oxygen plasma cleaned lids
showed the best cleaning results. Carbon-to-gold peak ratios for the three samples of lids were
8.0 for uncleaned, 1.36 for alcohol cleaned, and 0.09 for oxygen plasma cleaned.

! 7
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Figure2. AugerResultsfor KovarLids

Two hundredlidswere washedin methylenechloride, A verysmall Sampleof the solvent
extractwas analyzedand foundto containoleamideanderucamide(slipagentsused_n
polyethylene bags). Also, trace amounts of low molecular weight polyethylene were found.
The remainder of the solvent was evaporated, and gravimetric analysis of the residue was run.
On the average, 0.01 mg of residue is on each lid. This equates to a residue of 150 ppm per lid
by weight.

Phase Two

A sample of t50 LCCAs was assembled from excess material to test the yield potentia'lfor the
new proposed cleaning process. The yield for critical processes is shown in Table 3.

Table 3. Yield Data for LCCAs Cleaned by Aqueous and Freon Processes
. Aqueous Freon (Historical)

PIND (5 Runs) 24/25 (96%) 96.4%
NDPT 150/150 (100%) 99.5%

Sealing 140/140 (100%) 99.7%

The residual gas analysis (RGA) results of five of the aboveparts is shown in Table 4.I
-BI

-- Table 4. Internal Moisture Results for Aqueous- and Freon-Cleaned LCCAs Sealed the Same

j Day
n Sample Aqueous Freon

1 1,311 1,432
2 1,494 1,268
3 1,773 1,346
4 1,114 888 '
5 964 863

Avg. 1,331 1,159
Std 284 238
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Basedon these results,the 600 LCCAswere assembled and tested as outlined above. Table 5
showsthe resultsof the processingyields andTables A1 throughA36 in the appendixshowali

., the electricaltest resultsandcomparisons.

,_ Table 5. ProductionYields at Critical Pointsfor Aqueous- and Freon-Cleaned LCCAs

Aqueous I Freon

, PIND (5 Runs) i 2i6/217 (99,5%) "' 2391240(99.6%)
Sealing 2161217(99.5%) 239/242 (98,8%)
NDPT 100% 100%

The RG/:, results for these six Int_of LCCAs are shown in Table6.

Table 6. Internal Moisture Results for Freon- and Aqueous-Cleaned LCCAs After 500-Hour
HTRB

P/N Aqueous (ppm H20) Freon (ppm H20)
452 604
168 <100

391289-01 971 471
510 226

1,146 531
332 535

' 383 323
391291-01 381 319

317 165
547 672
427 356
365 194

391376-01 331 442
706 295
439 361

Avg. 458 392
Std 259 155

Accomplishments

• The overall results of the phaseone testing indicate cleaning of empty packages and
assemblies after die attach was required to remove particulate contamination. Organic
contamination on packages was minute at most. Cleaning packages with an organic solvent
gave no improvement to the surfacecondition. Therefore, the recommended cleaning process
for packageswas ultrasonic cleaning in DI water followed by a OI water spray rinse. However,
ultrasonic cleaning of LCCAs containing wire bondswas NOT recommended. If cleaning was
required after wire bonding, then assemblies should be flushed by flowing DI water in a
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cascadingtank. DI water is the safest, mostenvironmentallyfriendlysolventand has the added
benefitof removingioniccontaminationif it ispresent.

There was no sign of ionicor particulatecontaminationon the lids,onlysmallamountsof
organicresidues. Oxygen plasma cleaning the lidsor alcohol rinsingwould remove the small ,_
amounts of contamination. However, the results of the assembly testing during phase two
indicated that cleaning of lids was optional. Identical yield resultswere obtained for assemblies
when the lidswere cleanedor not. The sealingyieldforcleanedand uncleanedlids,
determinedbyfine andgrossleak testing,hadno statisticallysignificantdifference.

Baseduponthemechanicalassembliesbuiltin phase two, aqueouscleaningof LCCAs was an
acceptableprocess. No detrimentaleffectson productyieldsoi"reliabilitywere found. The
comparisonof electricaldata from the six lotsof LCCAs inthe appendixfurtherprovedthat the
aqueouscleaningprocesswas a viablereplacementfor the CFC-113 vapordegreasing
process.

Basedon ali the resultsof theseexperiments,it is recommendedthat the cleaningprocessfor
LCCAswith eutecticallyattacheddie bethe following:

1. Emptypackagesand packagescontainingdie wouldbe ultrasonicallycleaned for two
minutesin DI water, followedbya DI waterspray rinsefor 30 seconds,nitrogenblowoff
andovendrying. To maintainthe water integrityduringthe ultrasonicstep, a cascading
tankwas usedand the flow rate of the DI waterwas set at 0.5 gpm.

2. Packageswithwire bondsattachedwouldbe flushedby flowingD! water in a cascading
tank. Theflow rate of the waterwas to be 2.0 gpm,

=

3. The contaminationon the lidswas consideredminute,and lidswere notto be cleaned.

i
l
i
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Appendix

Electrical Test Data for Common Radar LCCAs
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.... TABLE Al': MINIMUM AND MAXIMOM VALUES OF INITAL ELECTRICAL TEST DATA FOR M-53

"' TEST " MINIMUM VALUE ] MAXIMUM V,_LUE .......

Freon DI Water' Delta Freon DI Water 'l Delia

....ICBO (nA) @ 'V'C.'.B--.-(:)OV ,,. 0.4 ..... 0,5i .... -0.11 3.8 .... 7,;/ '-3,9
ICBO (nA) @ VCB=75V 0,35 0,5 -0,15 6,8 18 ,11,2

IEBO (nA) @ VEB-4V 0.05 0,01 0,05 9.3 2,1 7.2

ICER (nA) @ VC=50V,,_.=_ K ...... '" 0,29 0,34 "' -0,05 '2.5 6,'9 :.4,4
,.ICES/nA) @ VCE= ,50V ,, 0.09 '0,18 ...... -0,1 2.3 6,7 -4,4 .

' 'HFE...._@'VCE'-'10V, IC=0,1n'tA .... 143.8 , 162,7 ..... -18,9 1.9.,,4,4 183,3 1!,1
' HFE @ VCE= 10V, IC= imA .... 167.i 167.8 ,,, -0,7 201 183.8. 17,2

HFE @ VCE= 10V, IC = 10mA .....175,7 169, 8 .... 5.9 210 ..187.8 22,,2
....HFE@ VCE=10V,,,IC=. 150mA .. 173.6 , 167,4 ....... 6,2 . 213 186,6 26.4

,HFIr, @ VCE-10V, IC=500mA 95,7 94,1 1,6 117.5 ....... 104,5 13
VCES(mV)@ic=150mA, IB=lSmA ....... 147 151,5 i , -4,5 ,!61 164,5 -3,5
VCES(mV)@IC=500mA,m=._0mA 365,5 367 1,5 395 392,5 2.5'" ' i ' "

..VBEON(mV)@VCE,= 10VilC = 20mA 706 716 ,,, -10 ..... 715,5 720 -4.5

VBEON(mV)@VCE= 10V,IC=50m A ...... 730.5 ' 740,5 ,-10 740.5 74.5... -4,5
,VBES(mV)@IC=I50mA,m=15m A .... 865,5 872 , -6,5 ,,, 875 878,5 73,5
._VBES(mV)@!C = 500mA,IB = 50mA 1,082,5 1,086.5 -4 1,105,5 1,103 2,5
....ICB0 (nA) @ VCB=.50V ......... 0,55 0,62 -0,07 0,64 0,65 .......-0101

,,ICBO (nA) @ VCB=-60V 0,4 0,5 -0,1 0,7 0.6 0,1
ICER (nbi.) @ VC=iSOV,, R=5K _ ,,, 0.3 , 0,32 " -0.02 0,42 0,36 ",'0,,,06

,IEBO fnA)@ VEB=-4V 0.4 0.4 0 0,59 0,51 0,08
HFE @ VCE=-10V, lC =-0,1mA ,, 97,:7 103,3 -'5,6 107 111,6, -4,6

HFE @ VCE=-10 V, IC=-lmA .... 113.3 121,2 -7,9- 124,7" 131.2 -6.5
HFE@ VCE=-I0V, [C=-I0mA 125 136.4 -11,4 139,6 , 147,7 .8,1

.HFE @ VCE=-10V, IC=-150mA .... 130,2 143,7 -13,5 146.5 156,3 ,,-9,8
![FE @ VCE=-10V, IC=-500mA 83.3 91.'7 -8,4 94,3 103,5 -9,2

....VCES(mV)@IC =, !50mA,IB =.. 15mA ....... 161 156 5 169,5' .,,165,5 4
VCES(mV)@IC =-500mA,IB = -50mA 407,5 391 16,5 441 421 20

a VBEON(mV)@VCE =- 10V,IC =-20mA 711,5 715,5 -4 718.5 720 1,5
| ,,VBEON(mV)@VCE', =- 10V,IC =-,'50mA " 735.5 738,5 ..... -3 742.5 743 -0,5
" VBES(mV)@IC=-150mA,IB=-15mA 879,5 880.5 -1 ,886 ........ 884,5 ........1,5.

VBES(mV)@IC =-500,nA,m =-50mA ....,i,081.5 1,072,5 _ 9 1,,094,5 1,083,5 __ 11

I._R(vA) @VR = 6V 1.09 0,87 0,22 2.24 1,79 0,45_ _ ...............

u_IR(FA) @ VR= 36V ,,, 4,47 3,67 , 0,8 13,8 ..... 16 -2,2
VF (mV) @ IF = 2 mA ........ 196,5 212,.5 .... ..16 214 218 -4
VF (mV).,@ IF = 10 mA 240 255,5 15,5 256,5 261.5 -5

_VF (mV) @ IF = 100 mA " 313 327.5 -14.5 330.5 333 -2.5

VF (mv) @ IF=..[>. ' .... 486.5-1' 493 -6.5 5i7,5 524,5 .,7
_IF = 2.....,.._,-, ___629.5 629,5 0 678 _ 692 -14

lR (/_A) @ V R ,=, 6V I.,!,8 0,85 0,33 2.75 1.54 1,21
..IR (vA) @ VR = 36V 4.56 _.6 0,96 15.3 20,4 -5,1
VF (mV) @ iF=2mA " 192' 204 -12 211,5 219 '-7,5
,frF (mA) @ IF = 10 naA .... 235,5 247 -11,5 '25__55,5 " 262 -6,5 .

VF (mV) @ IF= 100 mA " 367',s 31815 -1i' 327.5 333,5 .6
5 F _mY) @iF = lA .............. 479.5 486.5 ...... -7 524,5.1 ..... 505,5 19
VF (mV) @ IF = 2A 621.5 625,5 -4 688 (sO.5 37,5

!2
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TABLE A2"_,6_'ERAGE AND STANDARDDEVIATION OF INITAL ELECTRICAL TEST DATA FOR M-53 "
,

TEST ....... AVERAGE STANDARD DEVIATION

' Freon bi Waier Delta Freon .... DI XVater' Delta

]t_I_'0-(-nA,')@j.'.V,.CB=60V 1 0,51 0,77 -0,26" 014,,i" ' 1.......... '-0,6
" ICBO(nA) @ VCB=75V 0.59 1,2 -0,61 0,74 ....... 2,7 -1,96

IEBO InA)@ VEI3"=av ' 01_23-' "'0.06 0,17 1,1 0,29 '6,81
•ICER(nA) @ VC=5OV, R=SK 0,38 ..... 0152 -0,14 0,25 'i' ' 0,78 ' -0,53'"

" ICES(nA) @ VCE= -50V ..... 01'.2,2 0,37 0,15 0,25 ...... 0,78 -0,53 ,
HFE@ VCE= 10V,IC =0, lmA 179,64 176,2 3.44 10.96 4,16 , ,6,8
HF'E_@VCE-.10V, IC= !mA 188.75 175,42 13,33 8,95 4,35 4,6
HFE @ VCE= 10V, IC= 10mA 198.54 177,88 20,66 10.77 4,83 5,94

HFE@ VCE=10V,.!C=150n_ 198.75 175,88 22,87 , '11,5 ,.,' 5,2'5' ..... 6,24...i
I-I__ (_ VCE= 10V, IC = 500mA 106.44 98.3 8,14 5,91........... 2_7,1 3,21
VCES(mV)@IC = 150mA, IB= 15mA ,, !53,77 159,45 -5,68 3,53 3,54 -0,01......

VCES(mV)@I.C.=-5.00mA,IB =-50mA ,,382.07 383,23 ,, -1.16 . .6,05 6,32 -0,27
VBE_ON(mV)@,VCE= 10V,IC =20mA . 709,24 718,1 -8,86 2,44 0.86 ....!,,58
VBE N(_mV)@VCE=10VilC =50mA 734,13...... 742,75 -8,62 2,52 0,98 ,!,54
VBES(mV)@IC= 150mA,!B =15mA 870.61 875,28 '-4,67 1,98 1,24 0,74
VBES(m__V)@IC= 500mA,IB = 50mA ' 1,095,1 1,096,1 ...... -1 4,8 3,16 1,64

ICBO(nA l @,VCB=-50V 0,61 0,63 '-0,02 .... 0,02 ........ 0,0! . 0,01
I...CBO(nA,)@ VCB=-60V 0.56 0,57 -0,01 0,06.... 0,04 0,02
!CER (riA) @ vC=-50v, R=5K ....... 0.37- 0.33 0,04 0,03 0,01 0,01
IEBO/nA.) @ VEB=-4V .... 0,53 0,46 0,07 0,04 0,02 0,01
HFE @ VCE=-10V, IC=-0,1,mA 104,26 108,69 , -4,43 ....1,76 1,74 0,02

HFE@ VCE=-10V, IC=-lmA 120,77 127,27 -6,5 2,21 ,05 0.16
" HFE @ VCE=-10V, IC=-10mA 134,59 143,09 -8,5 2,73 2,4 , 0,32.....

HFE @ VCE=-10V, IC=-150mA 140:,84. , 150,44 -9,6 3,1 3___,5 ,,-0A
_HFE-@ VCE=-.10V, IC=-500mA 91,82 99.81 -7,99 2,76 2,9 -0,14

ili VCES(mV)@IC =-150mA,IB'-'- 15mA 164.3 159,49 4,81 1,87 2.1 -0,23

I V_ES(m-""'_>@IC=-5'00mA,IB=-50mA' " 419:24 402,25 16,99 7,59'" 6.45 _ "1,14
VBEON(mV)@VCE =- 10V,IC =-20mA , 714,8 717.61 2,81 ,. 1,29 0,88 0,42
VBEON(mV)@VCE =- 10V,IC =..50mA 738,09 .... 740,32 -2,23 ....1,31 0.85 0,46
VBES__V_._.@IC=-150mA,m=-t5mA 882.38 882.4 -0.02 1,29 0,86 0.43
VBES(_mV) @IC=-500mA,m =-50mA 1,087,6 1,077,6 10 3,28 2,37 0,91
IR hA) @VR=6V , 'i,6 1 { 0,'6 0,21 0.i2 0.09
IR (/zA) @ VR=36V 6.36 4.29 2.07 1,48 1,63 -0,15
VF ImV) @I__F..,=2mA '205.26 215,4i" -10,15 2,99 1,13 1,86

VF _mA)@ IF = 10mA 248,63 258.27 -9,64 2.9g 1,35 1.61
v F ImV) @ IF= lOOmA 321,42 329,8 -8.38 2,94 1,3 1'64

VF__mV) .@IF=lA 497,33 500.11 -2,78 4.82. 3,76 1,06
VF (mV) @ IF=2A 645.68 .,, 642.08 3.6 8,1 7.23 0.87
IR_LA_)@VR=6V 1.62 1,01 0.61 ,0,31 0,12 0,18
IR (_A),@VR=36V 6j42 4,52 1,9 1,98 1.95 .... 0,03

.. VE(mV ) @ IF=2mA 204.84 214.79 -9,95 3,93 2,83 1,1
.VF (mV) @ IF= 10mA 248.25 257.75 ..... -9,5' 3,88 2,83 1,05'
V__V) @ IF= 100mA - - • 320,7 329,27 -8.57 3,8 2,87 0,93

. VF_mV) @ IF=lA 494.27., 499.01 -4,74 5,94 4,19 1,75
VF (mV) @ IF=2A 639_25 640,16 -0,91 9,05 6,14 , 2,91
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TABLE A3: MINIMUM AND MAXIMUM VALUES OF POST HTRB ELECTRICAl, TEST DATA FOR M-53

• TEST MINIMUM VALOE ......... MAXIMUM VALUE '

' ......... - Freon DI Water l.)elta Fre0n"' Di Waier' De!ta -", , - ,,, ..... -- ,, ,,,

_,,,ICB9(,A) @ VCB=60V 0,36 3 -2,64 J 7,7 -4,7
I ICBO CnA)@ VCB=75V . 0,3 ........., 0,5 -0,2 . 5,5 _I a . -12,5
:.IEBO(nA)@ VEB=4V _ ,, 0,01 , , 0,01 0 8,7 2,!,, 6,6
..ICER OtA) @ VC=50V, R=5K .... 0,18 9.3_4 ..... 0.16 1,9 6,9 -5, ,

ICES (nA) @ VCE= .50V 0,11 0,18 -0,07 i,7 6,7 -5
HFE @ VCE=IOV, IC-'O,lm_, ....... i4o.8 '162,7 ' "-21,9 192,5 183,3 '" 9,'2
i HFE,@ VCE= !0V, lC= lmA , 163,5 !67,8 -4,3 19,,9.,:2 183,8 15,4

HFE @ VCE= 10V, IC= 10mA 173,6 169,8 3,8 209 187,8 .... 21,2

i HFE @ 'VCE=10V, IC-"150mA !73,,6 ' !67,4 6.2 213 .....186,6 26,4
HFE @ VCE=IOV, IC--.500mA 95,6 94,1 i.5 117 104,5 _ 12,5

I VCES (mV) @ lC= iS0mA, IB_=15mA 146.5 ' 15,1.5 .... -5 ....... 160,5 164,5 -4
,,VCES(mV)@!C= 500mA,m = 50mA.... 363,5 367.- -3,5 394 392.5 1,3 '
VBEON(mV)@VC,E,=IOV,IC=2OmA 705,• 716 -11 _ 719 _ 720 .i

.,VBEON(mV)@VCE= IOV,IC=50mA 729 740,5 -11,5 745 745 , 0
VBES(mV)@IC= 150mA,IB= 15mA 864:5 _ 872, -7,5 877,5 ,,, 8i8,5 -1
VBES(mV)@IC=500mA,IB=_50mA.... 1,081,5, 1,0.8.6,5 ..... -5 1104,5 , 1,103 1,5

0,56 0,62 '-0.06 0,64 0.65 :0,01ICB0 <nA)@ VCB=.50V ..............
,!CBO (nA,)@,VCB =,60V - 0,4 015 -0,1 0,65 0,6 ...... 0,05
ICER (nA) @ VC=-50V ,, R=5..K "0,32 0,32 ...... 0 0,4 0,36 . 0,04 'L

_IEBO (nA) @,,,VEB=.:4V _ 0.42 0,4 0.02 0,57 0,51 0,06
HFE @ VCE=-10V, IC=-0,1mA 96,4' i03'3 -6,9 106,2 ....111.6 ' -5,4.........

HFE @ VCE=-!OV, !C=-lmA. 111,4 121,2 -9.8 123,3 131.2 -7,9
HFE @ VCE=-10V, IC=-i0mA....... 123,6' i'36A -12,8 137,9 147,7' ' -9,8
HFE @ VCE=-10V, IC=-150mA 130,2 143,7 -13,5 144,2 156,3 -12,1--- ,.... , , .... , ....

HFE @ VCE=-10V, IC=-500mA 82,2 91,7 -9.5 93,9 103,5 -9,6,,

, VCES(mV)@IC =- 150mA,IBC--15mA 162 156 6 170.5 165,5 5
VCES(mV)@!C =-500mA,IB =-50mA 408.5 391 17.5 445 421 24

,yBEON(mV)@VCE =- IOV,IC_=-20mA.... "';:/11.5 .... '715,5...... -4 " 721 ,, 720 1
VBEON(mV)@VCE=- I,OV,IC=-50mA 735 738,5 -3,5 744,5 743 1,5

I VBES(mV) @IC=-150mA,IB =-15mA .....879,5 8'8'0,5 -I 887,5 884,5 3
VBES(mV) @IC=-500mA,IB=-50mA 1,082 ..... 1,072,5 ,, 9,5 '1096 ,, i,083,5 12.5

i IR (/_A)@VR=6V 0.92 2,07 -1.15 2,07 1,79 0,28IR (/,A) @'vR=3,,6,V .... _ 3,94 3,67 0.27 15 !.6 -1....
.VF (mV) @ IF = 2mA 198 212,5 -14,5 217,5 218 .... -0,5
VF (mV) @ IF= 10mA , 241.5 255,5 ..... -14 260 261,5 -1,5
VF (mV) @ IF= 100mA.... 314,5 327,5 ,-,13, 332,5 333 -0,5
VF (mV) @ IF= lA 492,5. 493 ....... -0.5 50%5 524,5 -17
VF (mV) @ IF=2A .... 639,5 629,5 10 659,5 . 69_2. -32,5 ,

, IR (/_A) @ VR=6V ,,, 1,04 0.85 0.19 2.48 1,54 0,94
IR (/_A) @VR=36V .... 4.23 3,6 . 0,63 13,5 .... 20.4 ....... -6,9

.VF (mV) @ IF=ZmA 194 204 -10 215 219 -4 -
VF (mV) @ IF= 10mA 237,5 247 -9,5 257.5 '_262 -4,5
VF (mY) @ IF= 100m_,'.,, ,_ 309,5 318,5, , -9 329,5 333,5 -4

V_..y) @ IF lA 479.5 486,5 .-7 520 505,5 14,5 -
VF (mV) @ IF=2A _ 617 625,5 -8,5 690,5 650,5 40
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TABLE A4: AVERAGE AND STANDARD DEVIATIONOFPOST H'Fi(B ELECTR;-AI-, TEST DATA"FOR"M-53

.... TEST ........ AVERAGE VALUE "' STANDARD DEViATION '

..... Freon Diwater Delta ....... Freon Di-Water.... Delta

., . LICBO(nA)@ VCB='_)V .......... 0,49 I 0,77'1' -0,28...... 0:32 " 1 -6,68
ICBO (nA),,@ VCB=75V 0,58 1,i" -0,62 0,62 2,7 1.... "2'08_,,, - ,,,, , ....,, ,, i , , ,,, , , ........ ,,, ,, ....

IEBO (nA).@ VEB=4V ........... 0,.21 0,06.... 0,15.... 1,1 i 0,29 0,81
. ICER (nA_,@,VC=50V, R=5K , i 0,35 ', 0,52 ......... -0,17 i 0,2 0,78 _ . -0,58,

•lC.ES (nA)...@VCE= -50V 0,2 0,37 -0,17 0"21 0,78 -0,57, , ,, ,, ,,,

,HFE @ VCE= 10V,,IC=0:I.u% 177,89 176,2 1,69 11,18 4,16 7,02
HFE @ v C.E=,I0V, IC= lmA 186,7"J 175,42 1_,35 9,i5 .... 4,35 4,8
H_ @VCE-10V, IC=l0_ ii ,' - 196,67 i'77,88 , _ , 18,79 '10,72 . 411_'3 5,88
H_FE@ VCE=10V, IC=IS0mA 197,28 .... 175,88 ,, 21,4 , 1!:73 ........ 5,25 6,48

-- .H_ @ VC,E=10V, IC=500mA ....... 106.42 98,3 , 8,12 5,96 ..... 2,7 ....... 3'26
| ..VG.ES(mV)@IC= !.50mA,B-15mA.. _ 153.08 ...... !59,,i5 ,. -6.3")'' ,i 3.52 .... 3,54 .0,02

VCES(mV)@IC=5OOmA,IB=5OmA 380.4 383,23 -2,83 6,03 6,32 -0,29
VBEON/mV)@VCE = 10%/',iC'=20mA....... 711,23 718.1 ' -6,8'7'' 3,28 0,86 .... 2,42'

, vBEoNIimv)@vCE = lov,IC',,L50nu% 736,09 7,'42_,_5 -6,66 "i 3,33 0',9'8 ....... 2.35

i VBES(mV_.@IC= 150mA,IB= 15mA 871,67 875,28 .3,61 2,56 1,24 1,32

VB_.._ES(mV_@IC=5OOmAIiB=50mA 1,095 1,'096,1 . -1:!,. ,',i 4.89 3',16 1,73
ICBO (nA) @ VCB = -50V 0,58 0,63 -0,05 0,02 0,01 0,01

]c§o (nA)@Vcfi=._o_/..... 0,53..... 0,57 .0,04 0,07 0,04 0,03
_)'I@VC--'-50V,"k-=5K .... ...... 0.35:0,33 ., 0,02' :i "0.03 0,0i 0.02

- IEBO (nA) @ VEB=-4V 0,51 0,46 0,05 0,03 0',02 ' ' 0.01
H,.FE@ VCE='10V, tC=-0,1ma _I 102,85 ..... i08,69, -5,8,_ .., , ,i,9" 1,73 _ •0,17
H._FE_@VCE=-10V, IC=-ln_, 119,26 127,27 -8,0! .... 2.3 ,,, 2,05 0,25
lIFE @ VCE,,=-10V, 'IC=,-!9mA 132,88 143,09 ,-10,2,! 2.8 2.4 .... 0,4

H .,FE@ VCE=-10V, IC=-150mA _ 138,85 150,44 -11,59 3,07 3,5 -0,43
HFE @ VCE=-10V, IC=-500mA 90,82 99,81 -8,99 2,83 2,9 -0,07- ,,, ,,,,, .........

VCESimV)@IC =-150mA,IB--15mA .... 164,86 159.49 5,37 1,88 2,1 ,. -0,22
VC_ES(mV)@IC--500mA,IB=-50!nA . .421'03 , ,4,,02,25 .. 18,78 7,99 6,45 1,54
VBEON(mV)@VCE=-IOV,IC=-2OmA 716,58 ....,7.,17,61 .1,03 I 2,37 0,,,88. 1.51
VBEON(mV)@VCE=-!0V,IC =-50mA 740,11 740.32 _ -0,21 2,33 0,85 1,48

VBES(mV) @IC=-150mA,IB,=-15mA 883,65 882,4 1,25 I _ 1,9 0,8_f" 1,04
VBES(mV ) @IC=-500.rnfl,lB=-50mA 1,088,8, 1:077,6 11,_2 .3,49 2,37 : 1,12
IR.(/_A) @VR=6V 1,47 ,_ ! 0,47 ,,0,23..... 0,12, ..... 0,tl

IR (tr-Al@ VR-36V ............. 5.97 4.29 1,68 1:,.4.6 ,, 1,.63 .-0,17
VF.,{mV) @IF=2mA ,. 207.13 ....... 2'15,41 .8,28 3,46 1,13 ....... 2,33
V_F_(mV) @ IF= lOmA 250,49 258,27 -7,78 3,29 1,35 ......... 1,94
VF (mV) @ IF= 100mA ......... 323,26 ,329,8 -6,54 ....... 3.15 1.3 1,85
VF (mV) @ IF=lA ........ 500,15 5_,,!1 0.04 . 3,,,4,9 3,76 -0,2'7
_VF(mV) @ IF=2A , 650.35 ,.642,08....... 8,,27 ..... 5,24 7,23, -1,99

@ VR=6V ,, 1.51 1,01 0,5 0,3 0,12 0,17
lR,._(A)@,,.VR= 36V ........... 6,1 4,52 ,. 1,,5,,8 1,83 1,95 -0,12

- _VF (mV)@ IF=2mA l, 206,69 ,214.79 .,8,1 4,26 2,83 1,43
..V,.I-__mV)@ IF=I0mA , 249,96 257,75 _ .7,79 ," 4,09 2,83 .... 1,26
VF. (rnV),,@ IF= 100mA ,, 322,18 329,27 -7,09 , _._ 3,98 2,87 _ 1,11

- VF (m,V)@ IF= lA 494.17 499,01 .4,84 5,69 4,19 1,5
VF (mV) @ IF=2A 63_/,79 ,640:!6 '2,37 ' 9,,_1 " 6,14 _ 3,27
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TABLE AS: MINIMUM AND MAXIMUM VALUES OF POST EXTENDED HTRB ELECTRICAL TEST DATA
FOR M-53

TEST ............ MINIMUM vALUE .......... MAXIMUMVALUE ....

-- ' ..... Fr_0n' bIwater _ b_lta Froon.... D!,.,watfiil_i -De!ta
ICfiO (nA')'@VCB=60V ............. 0149 ......... 0,45' 0,04 .... 3,2 5,8 -2,6

ICBO(nA)@ VCB--."ISV ..... ' , ....' '.... 0,4._ .... 0,45 " .'.,,i,. , 0 " ,. 13 .. 18 '"-_' .,5
IEBO (nA) @VEB=4V ........ 0,01 0,01 0 ,, 1,7 0,01 1,69
ICER/nA) @VC=50V, R=5K , 0,32 ,.. 0,27 .... 0',05 2...... ...5:4, .... '.'"3,4 ,,

I_C_ES(nA) @VCE= -50V 0,15 0,11 6,04 1,8 ' 5,3 ....-3,5
, ..HFE@ VCET.10V, IC=0,1mA .......... 138,4 163,5 ' ......-25,1 '- !91,6 ' 182,8 8,8,,,, ,, ,, : ,,,, , ,,

' H,FE'@ V,CE= 10V, IC= lmA 161,3 ..........167',8" -6,5 ..... 198 183,5 '14,5
HF'E@V,CE,=.I0V,IC=10mA.,i ' 182,1 ,i' 169,8.. ', 'i2,3 20'7 ......187,6.... -1914
I-[FE @ ,v_.C.E=10V, IC= 150mA............. 1,80.,.3 167,4..... 12,9 210 186,6 .... 23,4

.HFE @ VCE=10V_ !C=500mA .... 96,3 ., 93,9 , 2,4 115_6 .... 104,4 ...11,2
VCES(mV)@IC= !,50mA, IB-ISmA .... 147 ....... 152 -5 158 .. 163.,,5...... -5,5
VCES/mV)@IC= 500raA,IB = 50mA 363 368 -5 386 391 ,5i , ,, - - ,,,,i , ,,,, , ,,,,, , ,, :,' , ,

VBEON (mV) @ VCE= 10V, 705,5 716,5 -11 712,5 720,5 _ -8
lC =20mA

VBEON{mV)_Vc_. = 10V,:2=50n;A .; .... '730 ..._.'.ii..741 -11 ...... 737,5, '..........745.. " ..'715
VBES(mV)@I.C= 150ntA,IB= 15mA 886,5 873 -6,5 872 877.,5 -5,5
VBES(mV)@IC=500mA,IB=50mA ...... ' "_1,081,5 i'089,5 ' -8 .. "'ilQ99 . 1:I0! ............ .72
ICBO (n.A)@ VCB=.,-50v, 0,74 0,65 0,09., 0,83 0,68 .... 0,15,,

ICBO (nA) @ VCB=-60V 0,6 0,55 0,05 0,8 0,7 0,1
ICER (.nA)@ VC=.-50V, R=.5K .... "" 0,44 0,36 ..... 0,08' ' ' 0,52 ............ 0,4 .....0,12
IEBO(nA)@VEB=-av ...... " 0.,¢'8,..... 0,46 ..... Ci,02...... 0,56 .... O,,54 ,0,02
H.FE@ VCE=-10V, IC=-0,1mA 97,7 : ..103,1 ,-5,4 !06.1 . 110,!, -4
HFE @ VCE=-10V)IC=-lmA I12,4 120,6 -8,2 122,9 129 -6,1
HFE@VCE=-10y,IC=-10,,mA ' ii.. !24.,6_ 13515 -i ".!.0'.9 ' 137,2 ........145,4 .8,2
HFE @ VCE=-10y, IC=-150mA.. 130,2 142 -11,8 142 153,7 -11,7
HFE @ VCE=-10y, IC=-500mA _ 81_,3 9017 ' ' -9,4 93,3 10215 - -9,2....

VCES(mV)@IC =- 150n_A,IB=.. 15mA' 162 .... 157 .......5........ !70,5 163,5...... 7
VCES(mV)@IC =__z500mA,IB=-50mA .... 411 396 15 447,5 418,5 29
VBEON(mV).@VC..E,=-10V,I.C.,--._-20mA 712,5 .... 716 -3,5 .... 716,5 ..... 719,5 .. -3
VBEO.N(mV)@VCE=- Iov,IC..=..50n'lA , 736 ........ 739 ..... -3... 740,5 7'411,5 -i'
VBES(_m.V)@IC =-I50mA,IB=..15mA 881 880,5 0,5 884,5 883,5 1

i VBES(mV) @IC =-500mA,IB =-50mA _1,08315 " 1,073 10,5....... 1,094.5 ' l',08f-] 13,5
IR _A) @VR=6V. .... 1,3 .. 0,92 0,38 ......". 1,97 "' 4,73 ] - -2,76

,..lR _A) @ VR=_36v 5,14 3,87 1,27 .8.63 .... 31,7........ -23,07
VF (mV) @IF=2mA _ 200.5 211,5 -ii __ 209,5 _ _ 2.!.7,5 -8
VF (mV) @ IF= 10mA i 244 255 .11 253,5 260 '.6,5
VF2mV)@!,F-','i00mA .... ' ...... 3i6,5 .... 326 -9,5 " 326 " .332 ' -6.......

VF (my) @ IF= lA ........... 489 . ,494..5 -5,5 502,5 .... 504 ...1,5...
VF (mV) @ IF=2A 633 633 0 6.52 648 4
IR (_A) @ VR=6V ....... 1,25 ...... 0..,9 01,35 2,44 " 1,08 'ii.i'1,36
lR (/zA)@VR=36.y. . 5.11 3,84..... 1.27 _ __15,6 5,87 _9,73 .

_ IF=2mA ,.. 198 212,5 -14,5 ........ 21!,5 217,5 -6
VF lmy)@IF=10mA ..... 241,5 "255,5 -14 _ 255 . 260,5 ..... -5,5"
VF (mV) @ IF= 100mA 314 327,5 -13,5 327 332 -5
VF (mV) @ IF= lA , " '485 495,5 -10.5 511 51)4',5 6,5
VF(my) @ IF=2A ..... 626,5 633 .... _6,5 .... 674 649 ... 2'5"
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TABLE A6: AVERAGE AND STA'-N_)ARDDEVIATION OF POST EXTENDED HTRB ELECTRi'CA'L TP_',STDATA
FOR M-53

"-" TEST AVE1L_,I3E -'--'_TAI_DARI_ EiE'vIA'TION '-

.... Freon DIWator D_lta Freon ] DI Water D01ta i-, , ......

I'-C130/nA)@ VCB=60V 0,64 0,93 -0,29 0,61 1,3 -0,69
ICBQ (nA),@ VCB=75V 0,,78 1,6 ...... -0,82 .... 1,2 3,1 .1,9
IEBO (nA) @ VEB--,4V 0,11 0,01 0,I 0,38 0 0,38

. ICER (nA) @ VC=50V, ',R--7,5K , 0:41 , 01_ ' -0,,23 , 0137 1,2 ......1:0,83
ICES (nA)._@VCE= -50V ...... 0,25 0.51 -0,26 0,37 1,2 -0,83
HFE @ VC.E=!0V, IC=0,1mA, , 176,9i ' 174,,87 .... 2,04, 15,38, 4,77 ,, 10,61"
HFE @ VCE= 10V, lC= lmA 186,59 174,9 11,69 10,52 4,52 6
H,FE@ VCE,-,10V,,,,IC=10mA ,' 198,i5 " 178,0'3 20,12 9,2_3 4,92 .......... 4,3
HFE _VCE=10V, IC= 150mA 199,75 176,91 22,84 9,95 5,2 4,75
HFE @ VC,F,=,1,0V,lC=500mA 107,'32 98,86 _8,46 ', 5,5 ,3,95 2,44

'VCES(mV)@IC = 150mA, IB= 15mA 152,25 .... i58.03 -5,78 ......3,01 3,72 -0,71
VCES(mV)@IC:=500n_,m=50,n,.A , 378,75 380,73 , .,1,98 5,29 6.71 -1,42
VBEON(mV)@VCE-10y,IC-,20mA 708,68 718,78.. -10,1 _. 2,0! .... 0,88 .,. 1,13
VBEON(mV,)@VCE= I,ov,Ic =50mA .... 733,35 743,33 -9,98 .... 2,05 1,04 1,01
V,BES(mV)@IC= 150mA,IB= 15mA 869,55 87.5,5 -5,95 1,63.... 1,32 0,31
VBES(mV)@IC= 500mA,IB = 50mA ",' 1',092,'1 1',095,2 -3,1 .... 4,4'_',. 3,55 0,8'7
!cno (nA) @ VCB=-50V . 0,75 0,66 0,09 ...... 0,02 .0,01 0,01
ICBO (nA) @ VCB=-60V 0,67 0,59 0,08 _ 0,05 0,04 . 0,01
ICER (nA) @ VC=-50V', R=5K .... 0,45 .... 0,37 0,08 , 0,02 0,01 0.01

. mBO 0_,) @VEB=-4V 0,52 0,49 0,03 ............0,02 0,02 0
HFE @ VC,E,,=-10V, IC=-0,1}na 102,'97 107,98 -5,01 2,09 t,61 0,48
HFE @ VCE=-10V, IC.=-lma ' 1,18,6i 126,J;7 -7,:J5 ' 2,59 .... 2 0,59

HF E @ VCE'--10V, IC=-I0mA 131,96 142,03 -10,07 3,13 2_4 0,73
HFE @ VCE=-10V, IC=.lsomA ' 137,39 .., 148,13 -10,74 .. 3.66 3.37 0|,29

: HFE @ VCE=-10V, IC=-500mA 89.63 98,93 , -9,31 3,17 2.85 0,33
VCES(mV)@IC=- 150mA,IB =-15mA, __ 165 159,,!,,8 5,82 1,98 1,76 0,22
VCES(mV)@IC=-500mA,IB =-50mA, , 423,33 403,0,8 20,25 .... 8,89 5,95 2,94
VBEON(mV)@VCE=- 10V,IC=-20mA 714,68 717,58 -2,9 0,9,! 0,85 0,06
VBEON(mV)@VCE=- 10V,IC=-50mA 738.28 740.25 -I ,97 1,03 0,73 0,3
¥BES(mV),@IC=-!50mA,IB=-15mA 882,25 882,18 ,,, 0.07 0,98 ,, 0,77 0,2!
VBES(mV) @IC=-500mA,IB=-50mA, ' 1,087,9 ,1,077,7 10,2 3,05 2.2 0.85
.IR(/_A) @ VR=6V 1.61 1,18 0,43 0.16 0,84 -0,67

IR (/_A) @,VR-,36V ' 6,28 5.4,9 0.79 ..... 0,76 6,17..... .5)_'i
VF (rnV) @IF=2mA 205,13 ...... 215,2 -10,07 _ 2,3 1,41 0.89
VF (mV) @ IF= 10mA 248,38 258.13 -9,75 2,29 1,49 0,8
VF (mV) @ IF= 100mA....... 321,23 329,6 , ,78,37 2,3,! 1,5 0,81

VF (mV) @ IF= lA 496,73 499,05 -2,32 3,48 2,7 ,0,78
VF (rr_l_V).@IF=2A 644,28 639,75 4,53 , 5,66 4.32 1,34

lR (,aA) @ VR=6V ....... 1,68 0.99 0,69 0,27 ,, 0,05 0,2,3
lR (/_A)@VR=36V 7,04 4,35 2,69 2,8,. 0,41 2,39
VF (mY)@ IF=2mA '",_ 2(N,,,25 215,5 -11,25 .... 3,23 1,18 2,6'5

VF(mV) @ IF=I0mA 247.68 , 258'1'4 -10,72 , 3.11 1,33 , 1,7,8
VF (mY) @ IF= 100mA _320,2 . 329,95 -9,75 3,01 1,29 1.72

- VF (mV) @ IF= lA , 493,58 499,85 .-6,27.., 5,3,4 2,52 , 2,82
VF (mV) @ IF-2A 638,,6,8 641,03 , -2.35 10,31 4,55 5,76
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TABLE A7: M"""_NIMU'-_MAND MAXIMUM VALUES OF POST 5"_ HOUR HTRB ELECTRiCAL;rEST DATA
FOR M-53

TEST ........ MIlqIMUMVALUE MAXIMUM-VALUE

............... Freon DI W'ater _D_!-ta ..... Freon . .i.. DI Wa(or' Delta....
_CB0 (nA) @ VCB=60V _ 0,46 ' '0,43___ _. ___0.03 0,59 3,5_ L,. "2/9! "
,,ICBO(nA) @ VCB=75V 0,45 0,35,_ _ 0,1 0,65 14 .,13,35
..mB0 (nAl @ VEB=4V ..... ..... ' 0,01 0,01 0- 9,2 0,13• 9,07

0,32 0,25 0,07- 0,42 0,87 -0,45 ' 'ICER nA)@vc= ov, R,=SK , _ ,
ICES (.nA),@VCE = -50V ' 0,16 0.11 0,05 0.25 0.74 , -0,49
HFE @ VCE=10V, IC_0:itaA ..... 145.8 165',7 _ _ -19,9_ 190,i ,178,7 1.!,.4

,,HFE @ VCE= !0V,,!,,C=lmA ...... 167,5 , 165,6 , _ 1,9 196,8........... 178,3 18,5
.HFE @ VCE=IOV, lC= 10mA ..... 175,6 167_8 .... 7,8. 207 .....182,'i.' '- .'i 24,9
HFE@ vcz=lov, IC=IS0mA ..... 174,4 .... 165:9, _ _. 8,5. 2113 ,,.!80,3 .... 29,7

....HFE @ VCE=10V, IC=500mA 95,6 93,6 _ 2,3 114,8 102.7 12,1
, ,VCE__(mV)@IC = 150mA, IB= 15mA 147,5 ' i51,5 -- -" .4 160,5 164,5 -4

.ycEs(mv)@IC,=5OOmA,m=5b_ 371,5 367,5 4....... 390 393,5 ...... -3,5
,VBEON(mV)@VCE= 10V,IC=20mA 706,5 719,5 _ -13 '717,5 722,5 -5
VBE_ON(mV)@VCE=IOV!!C=50mA .... 732 ....... 743__ _11 742,5 74_/' __ -4,5
VBES/mV)@IC= 150mA,IB= 15rna 868 874 -6 874,5 879 -4,5

,,VBES(mV)@IC=500mA,IB= 50mA ' 1,088 '1,089_5 -1.5 1,102 1,16215 -0,5
.....ICBO (ttA) @ V.CB=-50V 0,7 0,64 0,06" 0,74 0,66 0,08
!CBQ (nA) @ VCB=-60V 0,6 , 0,55 _ 0,05_ ,, 0,7 ,,, 0.6 _ 0:1
ICER _nA) @ vC=-5OV, R=5K __ 0,4 0,36 0,04,, , 0,46 0,4 0,06
mBO_ttA/@ VEB=-gv 0,43 0A5 - ,,,-0,02 ..... 0:56 ...... 0,53 , , 0,03
HFE @ VCE=-10V, IC=-0, lmA 100,7 101,6 _ ..0.9 105,7 109,4_ -3,7

HFE @,VCE=-10V, IC=-lmA ..... 116,1 119,1 - .,3.... 122,9 128._5 -5,6
HFE @ VCE=-IOV, IC=-I0mA 128,9 133,9 -5 137,6 144.9 -7,3
HFE @ VCE=-10V, IC=-i50mA 133,9 139,9 -6 " 144,2 " 153,7 ....... -9,5, t , ,,,,,, ,-,,, .....

HFE@ VCE=-IOV, IC=-500mA 82,6 89,03 .....-6,43 93,3 ....102,5 -9,2
.VCES/mV)@Ic=-150ma,IB=. 15mA_........ 162,5 . 156 _ 6,5.... 168 165,5 2.5
VCES(mV)@IC=.500mA,m =-50mA 415 392:5 22,5 441,5 42'5 ..... 16.5
,VBEON(mV)@VCE=-IOV,IC=-20mA 714,5 718 -3,5............ 721 721,5 ._ _ -0,5,
VBEON(mV)@VCE=- 10V,IC =-50mA 738,_I 740 -2 744 74_4 .... 0
VBES(mV) @IC=-150mA,,IB=-15mA 881,5 881,5 0 888 885 3
VBES(mV) @IC=-500mA,IB=-50mA , i,'083 "1073 10 1,095,5 1,084 .... 1i,5

....IR (/,_A)@,VR=6V, 0,98 0,83 0,15_,,. 2,O4 1 - _ !,,,04
,,IR _A) @ VR=36V 4,09 3,35 0,74 15,6 4,07 11,53
VF (mV) @IF=2mA " 199.5 ' 214 '" 51-4.5 216 2'i'8 I - -2
VF (mV) @ IF= 10mA ' 243.5 2'57"' -13,5 .... 259 261 "'-2
VF (mV)@ iF=100mA ' '316,5 '328,5.. '"'i -12 331 .... 332,..'5 "._ -),5
VF (mV) @ IF= lA 491.5 496 -4,5 512 505 7.... , , ,, .......... , ,,,

VF (mV) @ IF=2A ... 633 633,5.. -0.5 671 649.5 ....... 21,5
..lR (vA...)@ VR=6V 1.12 0,81 0.3 2,63 1.18 1.45
IR (_A) @VR,=,36V '4,45 , 3,58 .... 0,8,7 , 12,8 5._6 "' 7,34 .
VF (mV) @ IF=2mA , !92.,5 210........ -17,5 213 219.5 -6,5

VF (mV) @ I.F= 10mA 236 252,5 -16,5 256 262 -6
VF,(mV) @ IF=IO0mA 308.5 324. -15,5 ,,i',,' 328,5 333,5 _ -5

479 490 -I1 501 506 -5VF (mV) @ IF= lA ......
VF (mV) @ IF=2A 621,5 627 -5,5 646 651 -5
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TABLE A8: AVERAGE AND STANDARD DEVIATIONOF POST 500 HOUR HTRB ELECTRICAL TEST DATA
FOR M-53

-- TEST AVERAGE STANDARD DEVIATION

....... Freon ' DI Water Delta Freon...... DI Water' Delta
.,,,,,' ,, , ,,. --- _ _

" "[CB0 dnA) @ VCB=60V , 0,51 0,64 -0,13 0,03 ,0,64, ...... -O,61
, ICBO (nA) @ VCB=75V 0,53 1,3 .0,7;/ ..... 0,04 2,9 -2,86

[..IEBO(nA) @ VEB-4V ' ' " 0,6i..... 0,02'"I 0,5'9 ' 2.1 0,04' 2.06
' ICER tnA)@ VC=50V, R=5K,, .... 0.35 ,, 0,33 __ 0,62 . ,........... 0,()2 0,12 , -O,1

_ICES(nA)@VCE=.50V 0,19..... 0,2 -0,01 O,02 0,13 -0.11 ,_H-FE@ VCE= iov, IC=0,1mA '" 176,74 _172,78 3,96 "- 10,99 ' 4,36 6.63................... ---- _;I:

HFE @ VCE= 10V_,,IC=lmA 183,71 171,99 11,72 9,14 4,3 4_.88 ::,;
_HFE @ VCE=10V, IC--10mA 192,79, , 174,71 18,08- 11,59 4,46 7,13 i_,:_
H.._,, @ VCE= 10V, lC= i50mA .... 193,64,,...... 173,,55.... 20,09 .... 13,2 4,71 " 8,-49
uHFE @ VCE- 10V, IC=500mA 104.55 98,66 5,89 6,4 ......2,94 3,46
.VCESImV)@,IC= 150mA, 113='15mA ' 153,93 159,59 .....-5,66 .... ,1.,03 3,48 0,55
_VCE..S(mV)@IC= 500mA,!B= 50mA 380,95 3.83,66 .... .2,7i ,. 5,28 6.75' -1",4'7
_VBEON(mV)@VCE=10V,IC=,,20mA 710,68 720,64 .9,96 3,04 0,9,3 , 2,11
.VBEON(mV)@VCE=10V,IC=50mA '::/35,63 745,02 -9,39 3,04 1,01 . 2['.'03

, VBES(mV)@IC = 150mA,m =,_l.5mA 871,35" 8,.7.,7,2. -5,85 2,15 1,21 0,94 _

VBES(mV)@,!C= 500mA,IB = 50mA,,:, i[,094,8 1,097,2,. -2.,4 3,62 3,06 0,__56
0,72 0,04 0,08 O'iOI 0,01 ___0 I,ICBO (nA) @ VCB--50V ....

ICBO (nA/ @ VCB=-60V 0,65 0.6 0.65 -[[, 0,05 .....0.02 0,03,,,

ICER (nA) @ VC=-50V, R=5,K ' , 0,43.... 0,37.... 0,06 0,02 .......0,01 0.01
_._BO (.nA)@ VEB_=-4V 0,49 0,48 0,01 _ 0,04 0.02 0_,02
HF_ @ VCE,=-IOV, IC=-0,1mA i03.16 i06,15 -2,99 !,55,, 1,97 -9_,42
HFE,, @ VCE=-10V, IC=:-lmA 119 124,51.... -5,.51 ,,, 2,04 2,36 ] _ :0,_32.

HF.E@ vc_;=-loV, IC=-10mA 132,45 140.04 .7,59 2.69 2,73 -0.04
I_IFE@ VCE=-10V,, IC=-I50mA 138,53 146,36 '7.83 3,02 3.05 -0.03

H____FE_@VCEI=-10V, IC=-500mA 89,65 97,89, -8,24 3,55 3,45 .... 0,1
q _VCES/mVI@IC=- 150mA,iB=- 15mA 164.53 159,09 5,44 1,7 2,5 ..... -:0,8
II _VCES(mV)(_IC=-500mA,IB-,750mA 423,15 403,16 19.99 8,47 7,96 -0,51
• yBEON(mVI)@VCE=. 10V,IC=-20mA 716,6 719,55 '-2,95",.... ' 1,68 0,9 0,78

VBEON(mV)_@VCE=- 10V,IC ='50mA " 740,08 .... :/42.02 -1,94 1,6 ...........1,03 0,57

_VBES(mV) !_IC=-150mA,IB=-15mA _. 883,88 .... 883,36 0,52 1,37 0,9 0,47
,VBES(mV) _IC =-500mA,IB =-50mA 1,089,2 !,,078,1 11.1 .... 2,78 .... 2,4 0,38
lR (/uA)@VR=6V 1,48 0,9..... 0,'58 0,27 0,04 0,23

I--R/iLA) @ _R=36-V __- 6,43 3,78 2.65 2,57 0,2 ,2,37
frF. (mV) @IF=2mA 206,85 - 2i'6.64 .9,79 4.14 1,1 3,04
_VF (mV) @ I!F=10mA , '.... 250.2 ..... 259,34.[ .9,14 3,88" 1,06 2.82
__VF(mV) @,,,JF=100mA .......... 322,8 330.75... .7,95 3,83 1,!8 ...... 2.65
VF(... mV).........@@_IF= lA 498.5 499,57 -1,07 5,51 2,33 3,18

VF (mV)@ !!F=2A . --[[_646,48 639,86' 6,'(52 9,08 4,07 5,01 [
I._.R(FA) @ VR=6V .,, 1.43 0,94 0.49 ...... 0,31 0,1 0,21

. I...RR!/_A)@VR=36V 5.64 4,02 1,62 1,76 0,4 1,36
VF(mV ) @ IF=2mA ..... 207,5 215,98 -8.48 4,21 2.62 ,_ 1,59

_VF (mY) @ IF= 10mA 250,65 258,73 -8.08 .... 4,18 2,62 1,56
. VF_rnV) @ .!F= lO0mA 322.75 330,2 .7',45 '_ 4.13 2,:71 1,42,

VF (mV) @,!F=IA , 493.85 500,36 -6,51 4,88 4,27 0,61
VF (mV) @ IF=2A 636,45 641,93 -5,48 6,43. 6,32 0,11

[,
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"' TABLE A9: MINIMUM AND MAXIMUM VALUES OF ELECTRICAL TEST DATA AT :55QC FOR M-53

- ' TEST MINIMUM VALUE ..... MAXIMUM VALUE ....

" Freon DI Water _ Delta Freon DI Water Deltat

HFE @ VCE - 10V, IC = 10mA 93,3 90.6 2.7 111.6 102,5 9,1 .
'lIFE@ VCE = 10V, IC = 20mA 91,7 89,1 2.6 111.1' 101,1 10
HFE @ VCE = 10V, lC = 50mA 91,2 88.3 2.9 111.6 101.1 10,5

"_'BEON (mV) @VCE= 10_/,.... IC=20mA _52,5 854,5 -2 .,.862 863 ....-i
VBEON _mV)@VCE =- 10V,IC =-50mA 870,5 872.5 -2 880.5 881,.5 -1
HFE @ VCE=-!0V ,, IC=-ImA 58,6 64,3 -5.7 65.4 69,8 -4,4
HFE @ VCE=-IOV, IC=-20mA 67,3 74,5 -7;2 75,8 81,6 -5,8_,,

HFE @ VCE -10V.olC=-50mA • 71.7 79.4 -7,7.. 81 86.8 -5,8
._VBEON (mV)@VCE---I0y,IC =-20mA 853,5_,. 851 2.5 862.5 859 3.Z

VBEON (rnV)@VCE=-10V,IC =-50mA 871 868 3 880 875,5 4,5' ..... J t

_VF (mV) @ IF = 2mA 332.... 341 -9 351,5 349 2,5
VF (mV) @ IF = 10mA 366 375 -9 384.5 383,5 1
VF (mV) @ IF = 100mA 420 429,5 -9,5 438,5 437 1.5
VF (mV) @ IF = lA ,, 536,5 543 ..6.5 555 . 552 3

....VF (mY) @ IF = 2A 629 . 631 -2 653,5 645.5 8

. VF (mV) @ IF = 2mA 326 335 -9 348.5 348.5 0
,,VF (mV) @ IF = 10mA 359.5 368 -8.5 382 383 -1
_VF (m V) @ IF = 100mA 413 422 ..9 436,5 437 -0.5

VF (mY) @ IF = lA 528 534 -6 ] 553 554.5 -1.5'VF (mV) @ IF = 2A .... 618 622.5. -4.5 647 649.5 -2.5
q

TABLE Al0: AVERAGE AND STANDARD DEVIATION OF ELECTRICAL TEST DATA AT -55°C FOR M-53

TEST AVERAGE VALUE STANDARD DEVIATION
Freon DI Water Delta Freon DI Water Delta

HFE @ VCE = 10V, IC = 10mA 104.6'3 95.52 9,11 5,83 2,85 2.98

HFE @ VCE = 10V, IC "S'.20mA ., 103,56 94.25 9.31 .... 5,83 2.82 3.0,,!
HFE @ VCE = 10V. IC = 50mA 103.81 93,49 10.32 6,18 2,84 3.34

VBEON (mV) @VCE= 10V, IC =20mA 856.78 857.99 -1,21 2.17 1.76 0,41
"VBEON(mV)@VCE=- 10y,Ic =-50mA 875.35 876.67 -1.32 2.22 1.72 0,5

HFE @ VCE=-10 V, IC=-lmA 62.59 67.57 -4,98 1.31 1.2 0.11
HFE @ VCE=-10V, IC =-20mA 72,15 78.58 '6.43 1.64 1.55 ...... 0.09
HFE @ VCE=-10V. IC=-50rnA 76,81 83.87 -7.06 1.,73 .... 1.64 0.09

_. VBEON (mV)@VCE =- IOV,IC =-20mA 857,14 853.9 3,7.4 1.85 !..73 0. !.2
VBEON (mV)@VC:E=-10y,IC--50mA 874,47 870,62 3.85 1.84,, 1.66 0.18

VF (mY) @ IF = 2mA 342,19 344.36 -2.17 3.59 1.51 ...... 2.08
: VF (mV) ,@ IF ,,= 10mA 375.55 378.38 -2.83 . 3.51 1,64 .... 1.87

V_F_mV) @ IF = lO0mA 429,52 432,78 -3.26 3.42 .... 1.53 1.89
VF (mV) @, !F = lA 545,67 547,68 -2.01 3.55 2,03 1.52 "

-VF (mV)@ IF = 2A 638.41 638.74 ,.-0,33 4145 3.18 1.27

-VF (mV) @-"IF = 2mA , ..... 341.44 343,64 -2.2 4.27 2.57 1.7
,_VF (_!nV)@ IF = 10mA ,,, 3:75,01 377.59 -2,58 4.23 2.84 1.39 "
VE_mV ) @ IF = 100mA , 428.79 432.06 -3,27 4,36,, 2,95 1.41
VF/mV) @ IF = lA 543, I6 546.57 -3.41 4.66 3,79 0._8_7
VF (mV) @ IF = 2A 633.94 637.28 -3.34 5.74 5,24 0.5

i
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TABLE Al 1: MINIMUM AND MAXIMUM VALUES OF ELECTRICAL TEST DATA rAT 100°C FOR M-53
...... TEST MINIMUM VALUE MAXIMUM VALUE

.... Freon DI Water Delta Freon DI Water Delta

ICBO (,_)@,',iy,'CB "- 60V .... 15 16 ,,-1 124 74 50
IEBO (nA,)@ VEB = 4V 0.06 1.2' -1:,14 28 18 10_

- ICER CnA) @ VC = 50V, R = 5K 17 18 -1 ,, 109 65 44
HFE @,VCE = lov, !C = 20 mA 253 246 ......... 7 .... 305 276 ....... 29
HFE @ VCE = 10V, !C = 50 mA 244 236 8 295 265 30,,

* VBEON lmV)@ VCE= 10V, IC=i0mA 53 () 545 -6 .... 374,5 551.5 23
VBEON (mV) @ VCE= 10V,, IC=5OmA . 571 576.5 -5.5 ' .... 605 583.5 21.5'
ICBO (nA) @ VCB = -50V 7 4.9 2.1 23 24 -1
IEBO (nA) @ VEB = -4V ' 1,8 1,7 ,0.1 ' 4,3 3 1.3....
ICER (nA) @ VC = -50V, R = 5K . 9.8 6.8 3 33 32 1
HFE @ VCE = .10V,.. ic = -20 tnA 187.2 207 -19.8 211 -"' 225 -i',¢,,,,, i - J , ,.

HFE @ VCE =-10V, IC = -50 mA 186.6 .. 206 -19,4 .....210 225 -15
VBEON (mV) @VCE=-10V, IC=- 550.5 547 3.5 580 553 27
20mA

VB_EON (mV) @vcE'=-10V, lC=- 580.5 576 4.5 ....._i09.5 582 .... 27,5
50mA

' IR (/_A) @ VR = 6V .... 372 687 -315 '1090 880 21()'

_IR(/_A) @ VR = 36V,I 872 .... 1580. -708 2610 2030 580
VF (mY) @ IF 2 mA 48.5 53.5 -5 76 60 16
VF (mV) @ IF = 10 mA .... 98" 103.5 -5.5 127.5 1il.5 16

_VF (mV) @ IF = 100 mA .... 190.5 196 -5.5 217 203.5 13.5
VF _mV) @ I_ = 450 mA 298,5 ......302.5 -4 321 ,311 10
lR (btA) @ VR = 6V 365 665 -300 1300 1040 260

IR (/zA) @ VR = 36V ,,, 868 1520 -652 3090 ..... 2360 ' 73,0,
VF (mV) @ IF = 2 mA 44 _ 49.5 -5.5 76 60.5 15.5,.....

VF (mV)...@ IF = 10 mA ,., 92 98 ..6 127.5 112 _ 15.5_
VF (mV) @ IF = 100 mA .... !83 189.5 -6.5 ......216.5 204.5 12,
VF (mV) @ IF = 450 mV .... 289 295 -6 320.5 312.5 8

z

J
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'TABLE Al2: AVERAGE AND STANDARD DEVIATION OF ELECTRICAL TEST DATA AT 100°C FOR M-53
TEST AVERAGE VALUE '_ STANDARD DEVIATION

.... Freon DI Water Delta Freon DI Water ...... Delia ....... ,,, ....

ICBO (nA) @ VCB = 60V ,, 31,.. 41 -10 13 ,, 13 0
IEB0 (nA) @ VEB = 4V 3.3 2.8 0.5 4 2.3 1,7
ICER _nA) @ vc= 50V, R = 5K 34 41 -7 12 12 0 .
HFE @ VCE = 10V, IC = 20 ma 286.61 259.71 26.9 ...... 15.72, ........7,5 8,12
HFE @ VCE = IOV, IC = 50 mA 276.69 249.25 27.44 ..... 15,83 7,49 8.34 ....

VBEON (mV) @ VCE= 10V, IC=20mA .I 547,44 549,19 -1.75 6.74 1,48 5,26 .
VBEON (mV) @ VCE= 10V, IC=50mA 579,44 58,01,74 -1.3 6.39 ..... 1.48 . 4.91
ICBO(nA) @ VCB = -50V 14 7,1 6.9 3.3 2,8 0.5_.......... , ,.,_

IEBO (nA) @ VEB = -4V 3 2,3 0,7 0,54 0,27 ..... 0,27 .....
ICER (nA) @ VC = -50V, R _5K 20 9.9 10,1 5.1 3,4 1,7....
HFE @ VCE = -!0V, IC = -20 mA, 200.31 218 39 -18,08 4.55 3,84 0,71
HFE @ vCE = -10V, lC = -50 mA 199.68 217.61 -17.93 4,59 3,83 ,76"
VBEON (mV) @VCE=-10VI lC=.- 556.69 550,78 ,5,91"" 6.26 1,33 4,93
20mA

VBEON (mV) @VCE=-IOV, IC=- 586,62 579,86 6.76 6,1i 1,26 4,85-

,50mA
lR (/_A)@ VR = 6V 804 747 57 145 41.6 103.4
lR (_A) @ VR = 36V ........... 1840'I ....1720 120 323 95,2 22,7,8
VF (mV) @ IF = 2 ntA 56.57 57,69 -1.12 5,42 1,58 _ 3,84
VF/mV) @ IF = 10 mA 106,99 108,58 -1.59 5.94 1,71 4,23
VF (mY) @ IF = !00 rnA, 199,06 200,55 -1,49 5,3 ..... t,68 3,62
VF (mV) @ IF = 450 mA ........ 306,9 307,59 -0,69 4.51 2.08 2,43

I__R_R_zA)@ VR = 6V 812 759 53 154 65.2 88,8
lR (/_A)@ VR =..I_6V ...... 1879,, 1750 120 340 145 195
VF (mV) @ IF = 2 mA 56,18 57,37 -1 19 5,64...... '_2 3.44.... ,,, , ,,a,,,,,,, , ,,.

VF (mY) @ IF = 10mA 106,47 - 108.13 -1.66 6.12 2,53 3.59....
VF/mV) @ IF = "i'00mA 198,18 200,06 -1,88 '5.62 2,68 2,94.....
VF (mV) @ IF = 450 mV ....' 304.611111' 306,82. '-2,21 5,14 3,25 • 1,89
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TABLE Al3: MINIMUM AND MAXIMUM VALUES OF INITIAL ELECTRICAL TEST DATA FOR M-48
......... MINIMUM VALUE MAXIMUM VALUE

,,, , ,

TEST Freon DI Water Delta Freon DI Water Delta

lR (nA) @ vr = 55V ,' 7,4 7 .0,4 ' 12 9,5 2.5

• VF (mV) @ IF = 1 mA 615.5 621.5 -6 620 628,5,, -8,5

_VF (mV,).@ iF= 10 mA " 742 I 747,5 ...... -5,5 756.5 755.5, 1
lR (nA) @ VR = 55V 7,3 6,8 0.5 12 9,4 2,6

, V F ImV) @ IF= 1 mb. .... 615.5 ' 62!,:,5 ..... -6 620 629.5' ' -9,',5.','
VF (mV) @ IF = 10 rnA .... 739,5 748 ..... -8.5 ......750 755,5 ..5,5

IR (pA) @ VR.,.= IOV , 0 1,1 ..... -1 2.2 2,5 :O.3
I.R(pa),@ VR = 30V 1.5 0,8 0,7 ..... 4,5 2 2.5
VF (mV) @ IF = 1 rm_.... 747 751 -4 749 756 -7

VF (mV) @ IF - 10 mA 824 827 -3 826 831,5 -5.5
_V_FF(mV)@ IF = 100 rnA 997.5 976.5 21 986,5 985,5 1

IR (pA) @ VR = i0V ..... 0 ...... 0 .... 0 1.'7 1.1 0,6
I.R (pA) @ VR -. 30V .... 1.4 1,3 0.1 3.4 2.6 0.8
VF (mV) @IF = lmA 74711 751 -3,5 749 756 -7
VF (mV) @,!.F = 10 mA 824 827.5 -3,5 826 .... 832,5 -6,5
VF (mV) @ IF = 100 mA 978 979,5 -1,5 "985,5 1005.5 -20

| TABLE A14: AVERAGE AND STANDARD DEVIATION OF INITIAl, ELECTRICAL TEST DATA
' FOR M-48

| AVERAGE VALUE STANDARD DEVIATION
II TEST Freon DI Water Delta Freon DI Water Delta

_--iR(nA) @ vr = 55V ' 10 8.3 1.7 0,93 0,76 0,17

VF (mV) @ IF = 1 mA .... 618.08 ' 624.31 -6.23 1.01 ,,. 2,2 -1.19
VF (mV) @ IF = 10 mA 746.45 751,22 -4,77 2.1 1.88 0,22

iR (nA) @ VR = 55V 9.7 8,2 1,5 1,1 0,73 0,37
VF (mV) @ IF = 1 mA ..................618,2 624.54 -6,34 1.14 '" 2.29 -1.15
VF (mV) @ IF = 10 mA 745,76 751.15 -5,39 2.27 1.91 0,36

!R (pA) @ VR = iOV ..... 0.53' ,.......1,5 -. -0,97 0.44 , 0,24 0.2
IR (pA) @ VR = 30V 2.6 1.5 1.1 0.49 0,25 0.24
VF (mV) @ IF = 1 mA 748,12 753.04 "' -4.92 0.33 1.68 -1,35

VF (mV) @ IF = I0 mA " 824.63 828.72 -4,09 0.53 1,44 -'0.91
VF (mV) @ IF = 100 mA 980.52 980.48 0,04 ...... 1.78 2.,23 -0.45
lR (pA) @ VR = IOV ....... 0.55 0.16 ,., 0.39 .........0.35 0.16 0.!,,9

I_R(pA)_@ V R = 30V ...... 2 2 0 0.35 0.2,8 0.07

V_._mV) @ IF = lmA .... _748.15 752.88 -4.73 0,26 1.62 -1.36
VF (mV) @_IF = 10 mA 825,21 829.35 -4.14 0.50 1.47 -0.97
VF (mV) @ IF .= 100 mA 982.3 984,35 .-2.05 1.78 3.66 -1,88
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TABLE A15: MINIMUM AND MAXIMUM VALUES OF POST H__L-TEST DATA _ '-
FOR M-48

_ MINIMUM VALUE MAXIMUM '_tALUE
TEST Freon DI Water ' Deita " Freon .DIWater Delta

IR (riA)@ vr = 55V ....... 8,9 " 7',2 i,7 15 9,9 5,-["

VF (mV.) @ IF ='i ntA ' 6i7,5 624 '_ '6,5 ,., ' . 624 _629'5 _ -5,5_ "
VF (mV) @ IF = 10 mA 742 750 -8 751,5 755,5 -4

IR (nA) @ VR = 55V 8 7,1 0,9 _- 1'6 9,8 6,,2 ,
VF (mV) @iF = 1 mA 616,5 625 -8,5 622 629",5 -7,5

VF (mV) @ IF = 10 mA " 741,5 ' 751,5 -10 7'51,5 755',5 -4
I_R(pA)..@ VR = 10V ......... i"' 0" 1.1 -1,1 0,6 i18 ':1.2"
IR (pA) @ VR =30V 1,7 018' 0,9 3.5 1, 8 1.7

VF (m v) @ IF = 1 mA ,, 748 753.5 . -5,5 752 756,5 -4.5
VF (mV) @ IF = 10 rnA 842.5 829 ....... 13,5 828 831,5 ,-3.5

VF (mV) @ IF = 100 mA 977,5,., 978.5 .... -1 986.5 986 0.5
..!_R(pA) @ VR = 10V 0 0 ,, 0 0,6 0:5 0,! ....

IR (pA) @ VR = 30V .... 1,5 1,1 0,4 2.4 2,1 0,3
VF (mV) @ IF = lmA 748 753,5 -5,5 752 756 -4'
VF (mV) @ IF = 10 mA 824.5 ,, 830 -5,5 if 828,5 832 -3,5
VF (my) @ IF = I00 mA 978 981 _, -3 986.5 988,5 -2

TABLE Al6: AVERAGE AND STANDARD DEVIATION OF POST Hl'RB ELECTRICAL TEST DATA
FOR M-48

.... AVERAGE V/kLUE S;FANDARD DEVIATIO'N .......
.... TEST Freon DI Water Delta Freon DI Water Delta

'!,'R(nA)@,.vr = 55V ..... 12' 9.3 2.7 1.4 0.61 0.79
VF (mV) @ IF = l mA' 619.48 627.1{_.... -7,68 1,25 0.98 0.2'7'

vF (my) @ IF = 10 mA .... 747,43 _753.29 -5,86 .... 1.,85 1.11 0.74
IR(nA)@VR =55V 11 _ 8.2 2.8 1,7 0,58 .... 1.12_

I VF (mV) @ IF = 1 mA 619,69 627,26 -7,57 1,14 0.95 0,19
_. VF (mY) @ IF =" 16 mA 74618-6, ......753,29 ' -6,43 2.24 .... 6'.'98 .... 1.26'

IR (pA) @ VR = IOV 0,3 1.4 -l.l 0,18 0.15 0.03

"lR (pA,,),@ VR = 30v -- 2,3 1.4' 0.9 0,29 0119- . 0.1
VF (mV) @ IF = 1 mA 749,39_"I 755,11 -5,72 0,93 .,, 0.69 0,24

._VF (mV) @ IF = 10 mA 825.67 830.53 -4 86 0.69 0,66 0,03
VF (mV) @ IF = I00 mA ,. 9,80,98 981.82 -0.84 1,8 1.85 -0.05

lR (pA!,,@ VR = IOV ,. 0,14 .... 0,15 _ -0,01 0,12 0.11 0.01
IR (pA),@VR =.30V 1.9 1.6 0.3 0,24. 0.19 0.0_5

VF (mV)@ IF = tma ,. 7'49,47 755.01 '--5,54" 0,91 0,68 0.23
VF (mY) @ IF = 10 mA 826.23 831.21 -4.98 0,88 0,59 0.59

VF (mV) @ IF = 100 mA -- I 982.88 985,03 -2,15,i .....1.84 1.54_ _ 0.3

24 __
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TABLE AI7: MINIMUM AND MAXIMUM VALUES OF POST EXTENDED HTRB ELECTRICAL TEST
DATA FOR M-4_
MINIMUM VALUE MAXIMUM VALUE

TEST Freon DI Water Delta --Freon DI Water Delte.

IR (rb,).@ vr = 55V 9,2 8.6 O,6 14 11 .... 3
VF (mV) @,.IF = 1 mA 619.... 621,5 -2,5 625.5 627,5 -2
VF,,(mV), @ IF ---"10 mA , 745.5,,,. 747 ,,. _.,,1,5 ' 752 ' ':/53,5.......... -1,5

. lR CnA) @ V R = 55V 8 8.5 -0,5 14 11 3
VF (my)@ IF = 1 mA , '618,. *-624 i -' -6 ......... 624 _ 627 ...., -3

V F (mV) @IF = 10 mA ,_ 743 751,5 -8,5 752,5 753 -0,5
IR (FA) @ VR = IOV 0,5 1.3 . .-0.8 ..... 3.3 2,4 0,9
lR (pA) @ VR = 30V ,* ....... 0.6..' '_ 0,5 0,i ..... 5.7 1,4 4.3
VF (rnV) @ IF = 1 mA , 748,5,, 752,5 -4 753 .... 755 ..... -2

VF (mV) @iF,. = 10 mA' 825 82'8.... -3 , 829.... 831 , -2
VF /mV) @ ,!F = 1130.mA., 979 978 1 985 984,5 ' .. 0,5

IR (pA.) @ VR = IOV 0 0.6 -0,6.. 2,3 1,7 _ 0,6
IR (PA) @ VR = 30V , 1.1 0,5 ' 0,6 .... 2,7 1,4 .... 1.3
VF (mV) @ IF = lmA 749,5 752,5 -3 753 755 -2, , , .... ----._ .. , , ........

VF (mV) @ IF = 10 mA __ 826 828,5 -2.5 830 831,5 -l,5

VF (mV) @ IF = IOt) mA 981...... 981 O, 987 987,5 -0.5

TABLE Al8' AVERAGE AND STANDARD DEVIATION OF POST EXTENDED HTRB ELECTRICAL
TEST DATA FOR M-48

- AVERAGE VALUE STANDA_D DEVIATION

TEaT Freon DEWater Delta Freon Di-Water" Delta

lR (nA) @ vr = 55V ......... 12 9,3 2.7 1.3 0.76 ....0154

VF (mV) @ IF = 1 n{._ ' 621,4_]" 625.15 _ -3,67 1.62 1,,,36 , ,0.26, I t

:VF(my) @ !F = 10 mA 749,28 751,85 -2,57 . 1,,..94 1,45 , 0.49
r.R tnA) @ VR = 55V 11 9:3 1.7 1,8 0.8j 1
VF !mV) @ IF = 1 mA '621.25' 625.48 -4.23 1.4'7 0,94 ....0,53'" I

VF (mV) @ IF = 10 mA.... _ 748.93. ] .......7)-52.1 -4,07 2,68 .. 0,36 2,32

IR (pA) @ VR = IOV 1.9 1.9 ......O_. 0.69 [ 0,36 0,33
!R (pA) @ VR = 30V ....... 2.1 .76 1.34 1 .... 0.23 0,77
VF (mV) @ IF = 1 mA, ,, 750,68 753.48 -2.8 1.23, 0,84 ...... 0,39

VF (mV) @ IF = 10 mA ..... 826.85 829.1 -2.25 1,09 ,_ 0.85 0,24

VF (mV) @, IF = 100 _ ., 981,48 981,69 .'0,21 1.63 2.12 -0,49
IR (pA,) @ VR = lOV ..... 0,58 0.87 -0.29 0.75 0,23 0.52

IR (PA,,)@ VR = 3eV 1,9 0.94 0,96 0.41 0,26 O,15.
VF (mV) @ IF = lmA ...."/50,98 753,21 -2,23 1,G4 0,66 0,38..... _ , , , ,

VF (mV) @ IF = 10 ."nA 827,65 830.06 -2,41 0,99 0,67 0.32

" VF (mV) @ IF = 100 mA ....984.35 984.35 0 1.62 1,65 ..-0,03,
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TABLE Al9: MINIMUM AND MAxiMuM VALUES OF POST_OO HOUR HTRB ELECTRICAL TEST
DATA FOR M-48

......... MINIMUM VALUE MAXIMUM VALUE

' ' TEsT .....Freon DiWater 'Delta Freon ' DI Water'L ' Delta,,, , 1 ,,, , , ,

,lR (nA) @ vr = 55V 8,7 7,4 1,3 12 9,7 2,3

__VF(mV) @ IF = 1 mA, ' ,, 621 627 ..... -4'," 625 630 -5

VF (mV) @ IF = 10 mA' ,........ 748 752 -4.,,, ,,753.5,,.. 756 ..... :2,5
lR (nA),@ VR = 55,V , 7,4 7,4 0 13 9,3 3,7 •
VF (mV) @ IF = 1 mA .......... 622 , ',628,5 ' -6,5 625 630 ' i i,',,'5

VF (mV) @ IF = 10 mA ......... 744,5 754' -9,5 _754 755,5 _-!,5
IR (pA) @ VR= 10V 1,4 0,8 0,6 2.3 2.5 -0,2, , , i

IR (pA) @ VR = 30V, 1,5 0,2 1,3 2.1 !_9 ...... 0,2
VF (m¥)@ IF ,= 1 mA ,,.,. 752 756 ,_ -4 752,5 756,5 . -4

VFfm V) @ IF ,=. 10 mA 828 831,5 -3,5 828,5 832 -3,5

VF (_._.._.rnV)@ IF = I00 mA 980.5 980,5 0 986 986.:5....... -0,5
IR (pA) @ VR = IOV 0 0,2 -0,2 0,4 1,4 -1
lR (pA)@ V'R = 30V " 1,7 0 1,7 2,8 1,5 ."',,i,3,

_mV) @ IF = lmA .... 752 756 .,4 753 757 ,, -4
V F _mV) @ IF = 10 mA .... 828 I 831,5 '-'3,5 830 , , 833 ",3

] VF (mV) @ IF' = 100 mA 981 *i. 983,5 -2,5 987.5 989,5 -2

'tABLE A20: AVERAGE AND STANDARD DEVIATION OF POST 500 HOUR HTRB ELECTRICAL
TEST DATA FOR M-48

" AVERAGE VALUE STANDARD DEVIATION, ,

_' TEST Freon DI Water Delta Freon DI Water Delta

:- -IR (nA)@ vr = 55V ' ' 10 8,6 ....... 1.4' 1,1 " 0,75 0,35

_VF(mY)@IF = 1mA I...... 623'73 6.2.,9,13 -5.4 0.97 0,86 0,11,_
VF (mV) @,flF= 10 mA 750,65 754,93 -4,28 1,42 1,05 0,37

1 R (nA) @ VR = 55V 10 8,5 1,5 1,5 0,6 0,9

__ V.._._F.(mV).._._@IF = 1 mA, 623,85 629.65 -5,8 0,78 0,49 .... ' 2_.9_9
[] VF (mV) @ IF = 10 rnA 750,43 755,18 -.4,75....... 2,46 ,., 0,55 1,91

i IR (pA) @ VR = iOV 1.8 1,5 ...... 0.3 0,21 0,36 -0, 15
-lR (_A) @ VR -' 30V 1.7 0,82 0,88 0.21 "" 0,49 -0.28
_F _mV) @ IF = 1 mA 752.1 756,48 " -4.38 0,21 0,11 0,10

VF .'mV,).@ IF = 10 mA 82'8.15 831,6 -3,45 0,24 0,21 0,03
VF (mV) @ IF = 100 mA " 982,9 983,03 -0,13 ' 1,49 1,93 -0,44

_IR_(_pA)@ VR,,,,.,.=IOV * ' , " 0,12 0.58 ,, -O,46 0,11 0.28 , -0.17
IR (pA) @ VR = 30V 2.2 0,9 1,3 0,3 0,39 -0.09

__VF(_mV) @ IF = ImA 752..15 756.45 .... -4,3 , 0,29 0,22 0.07
VF (mV) @ IF .... 10 mA 828.75 ! 832,25 -3,5 0,6 0,38 ....0,22 .
VF (mV) @ IF= I00 tna 984,93 98.5,75 .-0',82 1.64 1,56 .0,08

t,
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'TABLE ,_2i: MINIMUM AND MAXIMUM VALuEs OF ELECTRICAL TEST DATA AT"55°C FOR
M-48

............................. MINIMUM VAI.IUE 'MAXIMUM V,_LUE' ....
....... TEST ....... Freon DI Water ....Delta Freon "DI Water Deita....

_VF(mV)@,','iF = i mA" 778 .... 771,5 " 6,5 785 786. -+i
" VF (mV) @,IF =,,10 mA 872,; ,, 86,7, 5 ...., 879 8"/9..... 0

VF (m....V)@....!F = 25 mA 930 925 5 938 935,5 2,5,,,,,, , ,,, ) ,,, ,,,, ,, , : + , ,, ,, ,

L. VF (mV)@ IF = 1mA 778 771,5 6,5 785,5 786 -0,5
VF (mV) @......!F = 10 mA ..... 8'7_. " 867 3 '.' 87_)' , 87_J"........... 0
VF (mV) @ IF = .25..mA ..... 926 925 I 938 936 2
VF(mV) @ IF = 1 mA ....... 876 ...... 870 6 ..,. '"'881,5 881,5 0
..."qF(mV) @...!F = 10 mA 935 928,5 6.5 940 940 0, ,,, , , ,,,

V F lm V) @IF -1 mA ......... 876 870 6 882 881,5 0,5
VF (mV) @lD = 10 mA . 1'935,5 929,5 "o -977,5 939,5+ ._ 38

TABLE A22: AVERAGE AND STANDARDDEVIATION OF ELECTRICAL TEST DATA AT -55°C FOR
M-48

' AVGERAGE VALUE STANDARD DEVIATION
I" - ....... TEST F'reon DI Water Delta Fre°n DI Water.... Delta, ,

VF (ro.v) @.!F = 1 mA ....... :/81,92 780,7 .1,22 1,5 2,08, -0,58
• .VF (ro.v) @ IF = 10 mA , 875'3.2 874,01 1,31 .... 1,34 1,85 -0,51

VF (mV) @ IF = 25 mA 933,11 931,56 1,55 1.55 1,8,¢" -0,29
: VF ('mV) @ IF = 1 mA . 781191 780,86 1,05 ..... 1,7 (1,98.... ..0,28
:- VF lmV) @ IF = 10 mA 875,06 874,02 1,04 1.96 1,77 0,19 ,

i VF (mV) @ IF = 25 mA ..... 932,74 931,56 1,18 216 .... 1,64'-. 0,96-WF (mv) @ IF = 1 mA ...... 878,68 .877,49 1,19 1,4 1,69 .-0,29
_VF (mV) @ IF = 10 mA , 936.84 935,51 1,33 , 1,18 1,42 -0.24
VF (mV) @ IF 1 mA 878,69 877,38 1,31 1,47 1,67 -0,2
VF (mV) @ IF = i0 mA 93;'/,68 '935,97 " 1,7!... 5,12 1,3i" 3,77
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' TA'§fiE A23: MINIMUM AND MA_(IMUM'_/ALUES OF ELECTRICALTEST DATA AT 100°C
FORM-48

............ " .......... M'iNIMLIMVALU'E ...... l.... , MAXIM,,,UI_',V,''ALUI_', ,,,, '
TES'i;....... Fre0n 'DI Water Delta' Freon DI Water Delta

lR (.......nA)@vr = 55v-'---------- ' 5,05 5,53 .0,48 .....17,6 7,91 9,69
VF (mV) @ IF = 1 mA, ,¢04,5 ..,,-4o'¢.5,.....,.. , o. ' 415,5 ' 415,5 0 "

' ,,VF (mY) @ IF = 10 mA _ 572 .572,5 -0,5 582 _, ..582-........" .0
.IR (nA) @ VR = 55V , ,.,4,44 5,57 -1,13 .... 8.,76 8,26 ....... 0,5 ,

' VF,(mY)@ !F =" i_mA.... " ' , ........ 407, . 404,5 I 2,5 , 417,5 415,5 2
.VF (mV) @ IF =. lOmA ......... 575,5 574 1,5 58(J_5 .... 582 . "!:.5

I....R_.._A)I@VR = IOV 0,17 " 0,151' ' 0,02 1,3 0,51 0,79,
lR (pA).@ VR = 30v 0,78 0,32 0,46 4,3 . 1,7 2,6
VF (mY) @.!,.F= I mA " ..'....' ......... 5"14 - 572 ' 2 579,5 582 '2,5
VF (m.V)@ IF = 10 mA, .... 67'4 ' _672,5 ......'i:.5. '"679,5 ......... 700 .-20.,5
IR (pA) @ VR = IOV 0,2 0,13 0,07 3 1,7 1,3
.lR (pA) @ vR, = 30V .., 1,2 __0132........ ..0,88 ., :9,8 , 513 4,5
VF (mY)@!F - ira--A.... 574 ___572 _ 2 580 582 -2
.VF (mV) @ IF = lO..mA . 675,5 673 2,5 .......680,5 682 .. -1,5

TABLE A24: AVERAGE AND STANDARD DEVIATION OF ELECTRICAL 'rEST DATA AT 100°C
FOR M-48

............... AVERAGE VALUE STANDARD DEVIATION.....
- T'Es_' "Freon "' DI waier Delta Freon DI Water l_elta

_IR (iaA)@yr'"= 55V' ....... 7,46 6,76 0,7 "' 1.51 _. - (),53 0','98
,li VF _m.V)@ IF =_! mA ' 4i0173 -- _09i81 0,92 2,01 .!,95 0,06

I VF(my)@IF = 10mA 578,71 577,75 0,96 1,59 1,74 -0,15

-lR (nA....)@ VR = 55V "6,78 6,75 0,03 1,04 oi'55 " o,'i9

.......... .-- , ......

VF (mY) @IF ..=i naA 411,8 _410,29 1,51 . 2,29 .... 1,89 ......0.,.4
VF (mV) @ IF = 10 mA 578,82 " 577,9 0,92 1,21 1,55 -0,34
IR (pA) @ VR= !0".V ...... 0,48 _ 0,3 .... 0,18 0,2 .... 0,06 O,.....14
IR (pA)@ VR = 3ev I 1,5 0,85 0,65 0,67 0,18 0,49

.VF (mY) @IF = 1 mA 5_7,24 _. _-576185 .0,_39' ' 1121 1,57 -0,36
VF (mV) @ IF = lO_mA........ 67,7,57 _677,16 0,41 1,15 [ 3_01 ..1,86
IR (pA_.)@ VR =IOV ..... 1..1 .....0,35 , 0,7.5 0,74 0,25 0.49
IR (.pA)@ VR = 3ev 3,3 1 2,3 ":2,3 0,78 t,'52
VF ImV) @ IF = lmA ...... 57_714_2 _76,76 0,66 1,2 1,57 -0,3.7
VF (mV) @ IF =-IQ..mA ..... 6;?'8,22 677,7 0,52 ..i.... 1114 1,59 -0,45
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........., ..... T_LE A25: MINIMUMANDMAXiMUM VALUESOF INITIALELECTRICAL TES.TFOR M:5o ' , ,,
TEST MINIMUM VALUES MAXIMUM VALUES

,',,,, ,. .......

................ Freon DIWater Delta...... Froon DI Wator Delta

7iR'(.A_@_'R=_5v '_ .... ......6,2.......7,3.......1,1 tz.....i t2 .....o
VF (mV) @ IF = lmA 616 614 2 631 631 0

" .VF (.m.V)@ IF = 10rr_ 743,5 740 3,5 ....... 76115 ...... 763........ -115
IcB00_.).¢V,.cB=:50v....... ..... O,'Tt 0',78:_7 .0,0_ . 0,87 ' '0_82 ....o.05
!cso (nA)@vcB..=.:70v .......... 0,7 .0.,.7,_ '0,0._.... 0,85 0,8 0,05

' ICES(nA),,.@,VCE = -50V .......... 0,45 0,44..... 0,01 0,6 0,48 0,12
, ,ICER (nA),,@VC = ..,50V, R=I K ,', .... 0,37' , ,0,34 ..... 0,,03 ,_' 0,48' _ 0,4 0,08

mBO (nA),@,VEB y -5V 0,04 0,01 0,03 0,08 0,01 0,07
VCES (mV) @ lC = -lomA, IB=,.' ..... 79,5 83 ........ -3,5 '83,5' ..... 85 .... -1',5
5oot,A...........

VBES (mY).@ IC='.!L0mA,"iB=,..'5°°/zA', , , '761,5 "764 -2,5 ..... 768 _,...... 768 . ." ' '0
VBEON (tnV) @ VCE=-SV, IC=-SmA 700,5 ........ 7.00 0,5 708,5 704 4,5
VBEON(na.V) @,VCE=-SV, IC=-20m A ..... 744 ........... 743 .... i . 75i:5 .7. 747' .... 4',5
I+HFE @.VCB=:5V,, IE=.:,!0/_A 225 .... 257 -32 246 . . 273..... :.27

I-II_E@ VC,E'"-5V, IC=-500_A ...... ".......... 219 ..... 249 :30 .... 239 ....... 264 '1 ' 725
HFE @ VCE=-SV, IC=-10mA 206 . 233 "27 .... 223 .. 247 ......... "24
HFE @ VCE=-5V, IC=.20mA 193 " 218- -25 209 231 -22

!c,Bo/nA)'@V.c_=2.0v ....._ ........ 2 '",,,1,9 o,1 , 5' ,,, 3,5 1,5
IEBO (nA) @ VEB=4V 12 12 0 'i46 178 ._'32
ICER (rrA)@ VcE=,'!3V,'R=iK .... ' " i,8 , ....1,7 0,1 2,5[ ....' .... 2.1 0,6
HI'_...,@VCE=SV, IC=lmA 51,6 54,2 . ,2,6 , 109,2 89,8 19:4
HFE @ VCE=5V_ IC'= 10mA 70,1 ...... 71,3 -1,2 133,7 "'113,6 20,1

'lIFE"@ vCE=.SV(IC'--.10Q'mA ,. ' 54,2 55,6 -1,4 _ 95,4 82,8 '" 12,6
VCES (mV) @ IC = 10mA, IB= lmA 135,5 137,5 -2 148,5 152 -3,.5

"VBE_..S.(mV) @"ii2=i".0mA,IB= l"mA '" 798' .... 799,5 '" -!,.'5 ... 808 807..,5..... 0,5
VCES (mV) @ IC = !00mA., IB= 10mA 415,5 427 -11,5 498 519 -21
VBES (mY)@ IC=IO0mA, IB=..I0mA .. 1119 ...."i '1:i'.!3,_ " 5,5 . '_ 1154,5 1195.5 .'..' _"-41
VBEON ImV) @ VCE=5V ., IC=5mA 717,5 718 '-0,5 '733,5 73i' 7_',5
VBEL)N(mY) @ VCE=5V, IC=10uh4, '" '768,5 ..........., 772 ..3,5 ........'7'{}1,5 788 3,5
ICB_O_.(nA).@ VCB=-S0V ,0,48 ...... 0,59 -0,11 2,8 0,62 2,18

| ICBO InA)@ VCB=-V0V 0,55 0,6 -0,05 2,8 0,7 2,1
I ICES (nA),.@VCE -:50"4"' 0,075 .... 0,2 -0,12,,5...... 2,4 ..... 0,25 .... 2,,,15
- !CER (nA) @ VC=-50V, R=IK ...... 0,18 ...... 0,28 -0,1 2,5 ...... 0,32 2,18

_IEBO ([_)_@ VEB=-SV ...... 0,01 ....0,01 ..0 1,8 0,01 .... 1,'19
79,5 83 -3,5 83 84,5 - i',5VCES (mV) @ lC =.7.10mA,IB=-500_A ....

VBES/mV) @.IC=-!OmA: IB=,.500_A ... 762 764' -2 768.5 • .',,,'767,5 1
VBE_m. V_VCE=-5V, IC=-5mA 701 700 ..... i 709 704,5 4,5

o.VBEON(mV) @ VCE=-5V, IC=-20mA :)/i4 743 1 751,5 ii 747 4.5
1+HFE@ VCB=,-SV,, IE=-I0/z,,A ,, '". 224 ' 254" -,3...0 ...... 256 271 . -15
HFE,@ VCE=:5V, IC=-5,00/zA ,, 219 246 ...... -27 239., 263 -24
HFE @ VCE=-5V, i(2=-10mA 206 ....230 -24 223 ...245 ..... -.2.2
.HFE @ V..CE=-SV, IC=-20mA. .... 192,7 ,. 215 -22,3 209 229 ..... -20

" lR (nA) @ VR = 55V .., 6,4 7,3 -0,9 28 li 17
VF (mVl @ IF ==lmA ........... 620,5 617,5 3 632.... 63_1 1
VF (mV) @ IF = i0mA 747,5 ....... 745,5 2 761,5 761,5 0

" ICB0 (nA) @ _CB = -50V .."'.'i- ..._ 0(_i8 .. '0,76 -.0,08 0,82 ... 0,79 01'03
ICB0 (na)@VCB= .70V 0,65 0,65 0 0,85 0,8 0,_O5

_ICES (nA).@ VCE = -50V .... 0,4'2 ......... 0,44 -0.02 0.56 '" 0,48 0,08
ICER (nAl,@ ,V,C= -50V:,,R= I',K ............ 0,32 ! ' ,0.34 ,........' :0,02 ....0,46 ..... 0,4 ' o'.'b6
mBo/nA) @VEB= .5V 0_01 0,0t 0 0,06 ........ 0,04 0.02
VCES (mV) @ IC = "'-10n_, IB=- 79,5 83,5 -4 82 86 -4
500,uA ,,, _
VBES (mV) @ IC=-10rnA, m=rSO0_A 762 , 764 .... -2 .... 769 767 2
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TABLE A25: MINIMUM AND MAX'--'-'__UMVALUES OF INITIAL ELECTRICAL TEST FOR,,M-5,0,(COIqTINUED) ,
...... 'FAST ............ MIN'iMUMVALUES MAXiMU'M VALUES' '

....Froo. DIW tol .... ,, "br waist• 'Dotaii
..yBEON (mV)@ VcE=.2-sV_.._,IC,_-20mA ...... 7,44 ....... "7g'3.... ! .. 752 .. 747 5

701 700 1 710 704 6VBEON (mV).@ VCE=:SV, tC=;5m A ....
' I+I-iF E @ VCB=.SV, IE.,=_,I0_.,A............. 225 253 .28 246 274 _, -28,

HFE @ VCE=-5V, tC=,.7500_LA................. 219 ii ......245 ....... -26 239 ..... 265 ...... "..2.6,, "
t-I]_E@.VCE=.5V, tC=.IQmA ...... , 206 229 .. .23.' ,223 248 .25
HFE @ VCE=-5V ,, IC=-20mA , 192,5 ...... 2!4 , .72!,5. . 209 232 -23,,, ,,, , .....

!CBO .(nA) @,VCB=20v ......... 1,9 1,9 ........0 4,4 5,7 .1,3 •
.I..EBO(na).@ VEB=4V' ..... 12 , .. 12 , 0 ...... 212 .... 165 47

.tCER (.nA)@ VCE=I3V, R,-, IK 1,5 1,7 .... .0,2.. 2,3 _ 2,2 9,)
....... 55,7 ......... 56 -0,3 129,5 94,6 34,9FIFE @ VCE,_5 ,V,,,,IC=,ImA .........

HFE @ VCE=5V. , tC= 10mA .... ,73,5 73,4 ....... "6,'.1 ' 153,6 '' i'19,,3...... 3_,'3
HFE @ VCE=,5V, IC= 100mA ,.56,1 56,6 -0,5 105 86,5 ..... 18,5
VCES0BY)@tC=10mA,m=tmA ' 131,5 , .."138. .6,5'" 147,5 -"' 152 .4,5
VBE,S.(mY) @ IC= 10mA, !B-imA '...... ;796 799,5 .....3,5 __ 807,5 j . 806 " 1,3
VCES (mV)..@.IC.=i ,00mA,.IB=,!gmA ,. 410 436,5 .26,5 . ,.498,5 535 -36:5
VB_E_S lmv) @ lC= lOOmA,IB= 10mA,........ '"1112,5 "' J112..,.5..... 0 1167 . 1i77 . .1_0
VBEON (mV) @ VCE=,5V, IC=5mA 713,5 7!6,5 ...... -3 732 731 1
VBEON (mV) @ VCE,=SV, 'IC'-20mA .,.,. 764_5 ,, 770,5 -6... .... 788,5 788 . 0,5_
IC_B0 {nA)@ VCB.-,.50V .......... 0.72 0,63 0.09... 0,77 ... 0,66 .. 0_.!l
..ICBO(nA)@ VCB=.V0V ,.. 0.75 '0'.'65 ,.,......0,1 0,9 , ... 0,8. ,, ,, 0,1
ICES ..(...nA)@ VCE =.50V 0,32 0,28 0,04 0,46 0,32 0,14

ICER/nA) @ vC--"-sQv, R= 1.,K..... 0,4 ....... 0,32 ........ 0,08 . i.... 0,44, 0,36 0108
IEB_O(nA) @ VEB=,5V .. 0,0) 0,01 , ., 0 .... 0,01 ,. o.01 ..... _0

V..._.C..ESt.Qn.V)@lC =.lomA, IB....500_A ..... 79,5 ...... 83 .... -3,5 83 86 -3
.VBES (mV) @ IC-"t0mA,m=,-,5oo_,A ... 762 . . 764 .... .2 768,5 76"I' 1.5
VBEON (m.._V).@ VCE=-5V, IC=-SmA ....... 702 700 , 2 ,, 709,6 .... 704' 5,6
"V'BEON(tnV) @,VCE=-5V. IC=-20mA 744,5 743 1,5 751,5 747 4_,5
1+HFE @ VCB=-5V, IE=.10_A ' 225 255 -30 245 ,, 272 -27

: HFE @ VCE=-.5V, IC=-500/_A ......... '.....219 247 -28' ..... 238 .. 264 . ........_26
HFE @ VCE=-5V, IC--=-I0mA ,. 206 230 , .2,4 222 247 -25 ....
HFE @ VCE=-5V, IC=-20tnA '--',. 192,9 2i"5 -22,1 _ 208 231 .23h
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......... TABLEA26:' AVOERAOE AND STANDARDDEVIDATION0F",iNITi'AL'E..LE.C.TRIC.AL'TEsTFOR.M-50 ....
........ TEST AVERAGE VALUES STANDARD DEVIATION

.............................. Froon.......i,'p!.._a!,0r....... D6ha....i,'."'...Fi'eon "DI_Vat'o,,,'ii"iD'_lta"'
-ii i i .... ,,,....'............... 9,7....... 9.,.7...... 0 .....', ,, !,,!, 0
VF(mV) @ IF= lmA ................ 6.23,94 . . 62,.5,45 . .1,51 2,91 3 24 ..... .0,33

, VF(mV) @ IF = .,t0mA ....... 753,16 ...... 755,48 -2,32 .... 4,,24 ..............4f36 -0,12
ICBO (nA) @ VCB "-"-50V...... 0,81 0,79 . 0,02 0,035 0,005 ..... 0,03
IcBo(nA),6VCB= -70V ........ 0;8 ....... 0,78 9,02,...... o,03! , 9,02,5.... 0,006

,t __. VCE..= .,50V ........ .. .0,51 ..0,.46..... 0,05 0,024 .. 0,014...... 0,0!.
ICER (nA)@ VC = -50V, R',-"IK 0,41 0,36 0,05 0,015 0,014 0,001

_IEBO (nA)@ VEB -.- -SV _ . ,. 0,054 0,0052 0,0488 .. 0,014 0,0009 0,01J_
VCES (mV) @ lC = -10mA, IB,.-,. 80,9 83,95 -3,05 1 0,416 0,584
_oo_A
VBEs (m,v),@-it,,=.,,:io'fa2'm=-_oovA' ..... 7'63,8! ..... 765/23 i'11,42',., t,58,. ......" 'i,'i5...... 6:43
VBEON (mV) @...yCE=-5V, IC=,SmA 703,29 , 701,92 1,37 ,, 1,77 1,45 0,32

VBEO_)....__ V.CE=.5V, IC=,.20mA 7,_6,13 ... 744:68 1,45 17/ 11i7- . _ 0,53
I+HFE@ VCB=.SV,IE=.:I9,_A_ 235,11 265,58 .30,47 ' "5,5389 3,8763 1,6626

',?HFE..@VC,E,'=-5V,:,,,,!C=-5OOtuA " ' 228,41 '"' '256,93 ' ,' i'-28,52 "' 5,073'2 ........ 3,55,31 ',1,520i,
_.HFE @ VCE=.SV, IC=-I0mA , ,213,7..9.. 2_0,24 -26,45 '4,4,219....... 3,2884 1 1335
..HFE@ V,CE=.5V.:,,!C=-20mA .... 200,34 .,. 224,73 .,'24,39 , ,, 4.1062 3,0274 1,0788J ,, ,,,

ICB0 (nAl @ VCB=,20V ...... 2,8 ..... 2,4 0,4 0,.61 0,25 0,36
_,IEBO.(nA) @ VEB=4V 28 19 , .. 9 29 23 6
.ICER (nA) @ VCE,=13V, R=IK ....... 2'2 ,, 1,8 0,4 '0,16 0.! 0,06

HFE.@ VCE=SV, IC= lmA ...... 71,014 , 75,209 -4,195 .........!5,806 . 9,5693 6,2367
HFE @ VCE-SV,.IC= 10mA ,. 91,455 ..... 97,445 -5,99 18,255 ll,303 6,952
.FIFE.@VCE,.=5V, IC= lO0mA .... 67,98 ..... 73,14 -5,16 I i,7"1' 7,3149' 4,455i
VCES(mY) @ IC,,,,,=lOntA,IB,=lmA , ,144,38 }42,49 1,89 ,i,, '.......4,02 ,,, 4 ...... 0,62

.VBES (mY) @ IC=.!0mA , IB=lmA 802,61 .892,61 o i 2,2 1,84 0136
VCES (mV) @ lC .=lOOmA, IB= t0mA 470,33 469,55 0,78 i6,32 20,58 5,74
....VBES (mV) @ IC= lO0mA, IB=I0mA 1133,9 " 1144,1 .10,2 8,73 19,78 .11,05
VBEON (mV) @ VCE=5V, Ic=5mA ...... 725,i5.., 722,48 "2,67' .. 3,34 3,18 ....... 0,,16

VBEON(mV)@ VCE=5V, IC=I0mA.._ ....... 780,64 777.31 3,33 I..... 5,05 4,01 1,04

i _ICBO/nA) @ VCB=-50V _ . .0,61., 0,6 0,01 1. 0,3 ...... 0,0065 . 0,2935

ICBO (nA) @ VCB=-70V 0,69 0,66 0,03 0,29 0,004 0,286

.....I--CES(nA) @ VCE.,.=-50V .. 0,22 0123 -0,01 ..... _(),3 0,013 0,287
, .ICER(nA).@ VC=:.50V, R=IK . 0,32 _ 0,31...... 0,01 _0,3 0,008 O,292

....IEB0 (nA) @ VEB=-SV 0,037 0,005 0,032 0,24 0 0,24
VCES (mV).@ IC'.'.=-10mA, IB=-500/_A ...... 80182 83,93" -3,11.... 0,78.3' 0,413 .... 0,37

VBES (mV) @ IC=-10mA, IB=-500/_A 763,95 765,24. -1,29. 1,51 1,I 0,41
V..__BEON(mY) @ VCE=-5v, IC=-5mA 703,5 70!,97 1,53 1,85 1,44 0Ai

= ' VBEON/mV) @ V.CE=.SV, IC=-20m'A'" 746,31 744,76 1,55 1,83 1,13 0,7
I+HFE@ VCB=-5V,'"'iE=-I0/_ A ...... 234,46 263,49 -59,03 ...,'6,4497 4,2682 2'',1815
HFE @ VCE=.5V:. IC=750%A ._ 227,86 255,6 -27,74 5,3477 3,8132 1,5345
HFE_..._@_VCE_.=-SV.t,,IC=-10mA 213,34 239,02 .25,68 4,7684 .. 3,5875.... , 1,1809...
HFE @ VCE=-5 V, !C=-20mA ...... 199,94 223,64 ...... -23,7 4,375 .... 3:3019 ...... 1,0731

. . IR(nA) @ 'VR = 55V .. 9,6 9,2 0.,4 .. . 2,8 0,87 1,93
VF (raV).@ IF = lmA 625,75 626,85 .,1,1 2,42 2,68 -0,26
_V) @I F = .[_mA ...... 755,'7 757,2 - -1,5 .. 3,31 3,71 '-0,4

,, ICBO.(nA) @ VCB = -50V 0,77 0,77 0 0,038 0,0077 0,0303
ICBO(,tA) @ VCB --"-70V ............ 0,78 0,75 _ 0,03 "'0,046 0,04,4 0,002

....ICES.(nA) @ VCE"= -50V ..... 0.5 0,47 0,03 0,027 " 0,0078 0,0192 ,

.....ICER (nA) @ VC = -50V, R=IK ...... 0,4 ..... 0136 o,0,t;........... 0,03 0,015 .. 0,.015
IEBO (ttA) @ VEB = -5V 0,034 0,0062 0,0278 0,014 0,0054 0,0086
VCES (mV) @ IC '"'- -10mA, IB=,., ' 80,8 84,12 _ ..3,32 0,724 '" 0,49 0,234

..500_.A
VBES (mV)'.@.ICd=-10mA, IB='.500_A .96_.',05 765.17 . .. 198,88' .. 1.154-_i.- 0,992 0',548



!

' TABLE A26: AVERAGE AND STANDARD_f_:_!i)_ATiONOF INITIAL ELECTRICAL TEST FOR M-50

(CONTI,N,,UED)
TEST ............... AVERAGE VALUES STANDARD DEVIATION "

................. Freon DI Water DOHa.','ii F.r_gn.,' '', DI Wat-_rl Dolta
"VBE0N (rnV),..@-_/CE-"5V'_'•,_ IC='-SmA,....., ,,7°314_5,,,..... 701,98 1,48 1,89 1,42 0,47
VBEON (mV) @ VCE=,SV, IC=..20mA 746,21 744,75 1,46 1,79 i'12 .... 0,67

I+HFE @ VCB,='_.,5'Vt'.,'E=..J0/_A..... ........23'6,88 _.6_5,8'2 ' -26194..... 5,7463' 4,8078 0,9385 ,,
L_HFE@ VCE=-,SV, IC=-500.vA . . 230,13 255,38 " -25,25 '514608',. ,... 4,4469 1,0199
HFE @ yCE=-SV, IC=-I0mA 215,27 238,73 -23,46 4,6417 4,2751 0,3666
HFE @ vCE=-SV.t IC=,-20nlA , ' _201,58 223,22 -21,64 4,3693 3,9379 0,4314 ,
icBo(nA)@ Vcqd=20V ......, " ,2,7 ' 2,7 ' 0 , "' 0,,¢8 ' ' 0.,81 ..0,33
1EBo (ttA.)@ VEB=aV 35 26 9 42 29 13
ICER/nA) @ VCE= I3V,I R=IK,- 2 1,9 6,1 0,i'7 0,12 0,05
HFE @ VCE=SV, IC=lmA '......91,209 * 65,247 ' 25',962 _:2,9,_4 9,2094 i3,735

..!-;!FE@ vCi_'_SV, IC.=...!0mA ........ 113,3 84,822 .....28,478 .25,418 11,071 ' 14,347'
_HF'E@ VCE=5Vt !C= lOOmA .... 81:225' 64,607 16,618 15,605 7.1912 8,4138
VCES (mV) @ IC .--"lOmA, IB= lmA 138,79........ !47.65 .8,86 4,4.3..... 3,73 0,7
.V.BES(mY) @ lC= lOmA_ IB-!tnA 801,56 .802,55 -0.99 2,63 , 1,33 1_3..
VCES' (my)@ IC = 100mA,.IB= t0mA 439,1 494,8 -55,7 24,57 19,32 5,25
V.BES/mV) @ IC= loo.mA, IB= 10mA 1i34,2 . 1125,2 ...... 9... 12,39 13,4 ..1,01
VBEON (mV) @ VCE=5V, IC=5mA 722,38 .........726,.6_, -4,22 , 4,38 _ 3,4 0,98
VBEON/mV) @ VCE=SV, IC=20mA 776.32 782.35 -6,03 6,44 _ 4,18 2,26
I"_,,.CBO/nA)@ VCB=-50v, 0,73 0,65 0.08 0,017 0:0064 " '0,0106
ICBO (nA) @ vcn=-70v . 0,81 0,75 0,06..,. 0,03 0,051 .0,021
ICES (nA).@ VCE =-_5_.0V 0,38 0,31 0,07 0,026 0.,.013 0,013
I..CER(nA)..@VC=-5OV, R= 1K 0,4 0,33 0,07 _ "0,013 0,014" -0,001
IEBO (nA) @ VEB=-5V ...... 0,005 0,005 0 0 0 0
VCES (mV) @ lC =-10tnA, IB=-5OO/,_,A 80,76 84,55 -3,79 " 0,79.2 0,571 0,221,, ,, , ,,

VBES (niV) @ IC=-I0mA, IB=.5OO/.zA 764,1 765,35 -1,25 1,42 1,12 0,3
_BEON (mV) @ VCE=-5V_ IC=-5mA ...... 703,48 ' 702,02 1,46 .... 1,77 ,. 1,41 '0',36
VBEON (mV) t_-VCE=.5V, IC=-20mA ....... 746,'_ 744,84 1,36 1,72 . 1,06 0,66
l + HFE @ VCB=-5V, IE=-.[0/_A 237,3 264,22 -26,92 4,9135 3,4838 1,4297
HFE @ VCE=-5V, IC=-500/_A 230,68 255,84 -25,16'" 4,6441 .... 3,3097 1,3344
lIFE @ VCE=.5V, IC =-10m,A 215,6.6. 239,,3! .23,65 3,9232 3.0844 0,8388
I-IFE@ VCE='5V, IC=-20mA . 201,99........ 223,75 -21,76..... 3,7006 2.9327 0,7679
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TABLE A27: MINIMUM AND MAXIMUM VALUES OF POST HTRB ELECTRICAL TEST DATA FOR M-50

...... TEST " , ........ MINIMUM"VALUES ...... MAXIMUM' VALUES '
............... Fre0n " DI Water ....Delta ..... Freon DI Water Delta

"'IR_nA) @ VR =.55VI ....... -.. 9,5 13 -3',5 16 21 '' -5"
VF (mV) @ IF= lmA 620 610 10 631 627,5 3,5.... : ..... _.. .

., -VF(mV)@ iF =.lOmA : .......... 747..., 736 ........... ii ' .:.. 762 760 2
iCBO (rrA),_ vC.B -= -50.v ......... 1,,9..... 0,.71 ' 1',19 ..2....... 0,79 , !,21.
ic,.0 0u_)@VCB= -70V............ 1,8 0,65 1,15 ......2 ,,, 0,8...... 1,2
ICES In/k)@ VCE = -50V 1 0,38 0,62 1 0,47 I 0,53

ICER <nA)@ VC '-'-50V, R-J.1K 0,76 ' (J_i3 ' 0_,46 0",'8 0,3'6:"! (JI44'".L
tabu (nA)@VEB= -5V , 0,01 0,01_ o 0,01 0,01 ...... 0
VCES (mV) @ IC - -i0mA, IB=., 80 83,5 -3,5 84 86 -2

500_A
: VBES (mV) @ i'C=.10mA, I'B'=-"500#A " ........76],5'.'' ,..' "762 ..... "0,5 767 766 "' 1

VBEON/mV)..@ VCE=-5V., IC=-5mA 673,5 699 -25,5 ,. 690 '" 704 '" .,14
:VB_EON(my) @,VC_--5V,IC=-20mm 666,5" 741,5 -75 716 '746,5 -30,5', ,i , , • ,, ,

1+HF E @ VCB=-SV,..IE=-.10/_A ....... 221 253 -32 .... 239 266 ... -27
HF,E@.yCE=-SV, Ic,=-5OO_A....... 215 ..... 246 -31 . . 232 ... 258 ..... -26
HFE @ VCE=-5V, IC=-10mA 202 229 -27 217 240 -23

HF'E@...VCE=-5V, IC.'=-.20mA' " , 268"' 215 . 53 391' 225" 166
_ICB0./nA) @ VCB=2°v , 2,8 .. 2,9 , -0,1 ..... 4.,.7 ..... 4.,7 .. 0
:!EBO (nA) @ VEB=4V 13 13 0 _, 131 ..106 ..... 25
riCER {nA)@ VC.,.E=13V, R= IK'" '....... 2, !. , . 2,3 '-0,2 3,1 3,3 -0,2...... ,

lIFE @ VCE=5V, lC= tmA ........... 50,9 54,4 ...... -3,5 108,8 90,4 18,4
lIFE @VCE=SV, IC=10mA _ .., 6912 71,4 -2,2 133,2 "1'14,8 18,4
HFE @ VCE=5V, lC= 100mA 53,7 55,6 -1,9 95,8 83,6 12,2
VCES (mV/.@ IC =10mA, iB'=lmA " 135,5 i'39 --3,5'" 148,5 i5315.... ' . -5
V.BES(ro.V)@ IC= ',0mA, IB= lmA 798 797,5 .....i3',5'' ' 807 804,5 2,5

VCES (mV) @ IC' =I00mA.:..IB="i0mA ' 416 428,5 ...... -12,5 498,5_ 521_ . __22,5_:
V.._B_ @ IC= 100mA, IB= 10mA" ' 1116,5 i"11[:5 _ 5 . 1..!5..1 1179,5.. ..28,5
V..._BEON(mV) @ VCE=SV, IC=SmA 716 716 . 0 .. 732 729,5 _ 2,5
VBEON/mV) @..VCE..-.=SV,' lC= 10mA 768 769,5 -1,5 790 "187 3
XCBO<nA)@VCB=-50V ,., 1,5 0.52 ..... 0.98 'i,'5 0,59 .....019'1

_VCB=-70V ' 1,6' 0,55 1,05 !.,.8 .... 0,7 _ I,I
ICES (nA) @ VCE =-50V 0,68 0,3I 0,37 .... 0,88 ... 0,36....... 0,52
ICER/nA) @ VC=-50_/, R= IK ..... 0,65 0.24 0,41 0,72 ,0,32 ..... 0,4
IEBO (nA) @ VEB=-5V 0,01 0,01., 0 0,01 0,01 .... 0. ,.

,, _VCES (mV) @ lC ='!,,OmA,.!B=',500_A 80,5 84,5 -4 83,5 87 -3,5
- VBES (mV) @ IC=-10mA, IB=-500_A ..... =/61,5.... 7.62. '." "-0,5 ..... 766 768....... i'.. -2

VBEON (mV) @ VCE=-SV, IC=-5mA 700,5 699 1,5 707,5 . 75,5 2
VBEON../mV) @ VCE..=-5V, IC='-20mA' 742.. , 742 .... ..... 0 748 748- -- -0-

I+HFE @ VCB=-5V, IE=-10/z A..... 213 242 : ..... -29 237 256 -19HFE @.V.CE=-5V, IC=-500,/aA 207 235 -28 230 248 _ -18
HFE @ VCE=-SV, IC=-t0mA '193,4 2.!9 ....... "'125,6' .2!6 231 -15

HFE @ VCE.....5V, IC=-20mA 181,7 206 ..... -24.3 202 216 -14
-. _!,.R,(:_A)@ VR = 55V 8,5 12 -3,5 15 20 -5

_VF lmy)@ IF = l,mA,..... '623,5' 615,5 L.': 8 .... 631 631,5 ' - -0,5
VF tmV) @ IF = 10mA 749,_i 743,5 ,,. .,, 6 761.5 763 __ -1.5

-_ I_CBO(nA) @ VCB =,,,-50V 1,9 0,68 1,22 2 0,76 ..... 1,24
I.cBO _nA)@ vCB= -70V ,.. 1,9 .. 0,6 . 1.3 2 0.8 __ 1,2

! ICES (.nrl.)@VCE = "50V 1 0.39 0,61 1 0,48 _ 0,52
I!.CER/nA) @ VC = -50V, R=IK ..... 0,7'6 ....(),3 "' 0,46 0,8 0136 _ 0,44
IEBO(nA)@,VEB = -5V 0,01 0.01 0 0:'61 0,0!,., 0
VCES (mV) @ IC = -'i0mA, lBL. "' 80.5 84 '"-3,5 83,5' ' 87 -3.5
500_A ..
VBES (mV) @ IC=-10mA, IB='..1500_A "'761.5 ' "762 .... -0,5 767 .....":768 -1
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TABLE A27: MINIMUM AND MAXIMUM VALUES OF POST HTRB ELECTRICAL TEST DATA FOR M-50

<CONTINUED)
TEST MINIMUM VALUES MAXIMUM VALUES " '

Freon DI Water Delta Freon DI Water Delta

_-vBEoN (mV) '@ VCE=-5V'I lC =-5mA 700.5 699 1,5 707,5 705'.5 2

VBEON (mV) @ vcE=-5vi Ic=-20mA 737,5 742 .... -4.5 744 748 .4

1+HFE @ VCB=-5 V, IE=-I0_A 224 249 -25 239 367 -128 "
HFE @ VCE=-SV, IC=-509, p.A,, 217 '242 -25 232 '" 258 -26
HFE @ VCE=-5V, IC=-10mA 203 226 -23 216 241 -25

S..H.FE@ VCE--5V, IC =-20mA ,,, 190.7 ........ 212 -21,3 203 226 -23 '

!.,ICBO (nA) @ VCB=20V 2.5 2.7 -0,2 4,3 , 6,,_3.... -2 ,
IEBO (nA) @ VEB=4V 12 13 -1 234 141 93
ICER (nA) t_ ,,'2E=I3V, R'=IK 1.9 2.3 -0,4 3,1 3,1 0
HFE @ VCE='5V, IC=ImA 5'4,7 56 -1.3 127 94.7 32.3

HFE @ VCE-5V, IC= 10_ 72.3' 73,4 -1,1' 150,9, i19.4 3!_5....
HFE @ VCE=5V, lC= 100mA 55,2 56.8 -1,_i 103.4 86,5 16,9

VCES (mV) @ IC =10mA,'iB="imA '131.5 139 -7,5 147.5 152.5 _, _5
VBES (mV) @ IC = 10mA,,,,_ = lmA 798.5 798 0,5 806 805.5 0,5
VCES ,(mV) @ IC = 100mA: IB = 10mA 410 438,5 -28,5 499,5 536,5 -37

= VBES (mV) @,IC=100mA, IB=10mA 1112.5 ' 1110.5 ....... 2 1160.5 1166 -5,.5',i
VBEON (mV) @ VCE=5V, IC=5mA 716,5 716 0,5 731 732 -1

VBEON (mV)@ VCE=5V, IC=20mA 768 769,5 -1,5 789.5 788 1,5
ICBO (nA) @ VCB=-50V 1,4 0,58 0,82 1.5' 0.65 0,85'.....

-- !CBO (nA) @ VCB=-70V ,, 1.6 0.6 1 1,8 0.8 1
ICES (nA)...,.,@VCE =-50V ,, 0.72 0,32 0,4 0.88 0,4 0,48

ICER (nA), @,VC =-50V, R= 1K, 0.62 0.28 0,34 0.72 0,34 0,38
IEBO (nA.) @ VEB=-5V 0,01 0,01 0 0,01 0.01 0

VCES (mV) @ lC =-10mA',' IB=-500y, A 81 84,5 -3,5 83.5 88 -4,5
,VBE S (mV),,@ IC =-10mA, IB =-500yA 761.5 762 -0,5 766 768 -2
VBEON (mV)@ VCE=-5V, IC=-5mA 700.5 699 1,5 707 706 1
VBEON (mV) @ VCE=-5V, IC=-20mA 741.5 742 -0,5 747,5 749 -1_5

I +HFE @ VCB=-5V, IE=-I01._A 212 240 -28 227 261 -34.....

HFE @ VCE=-5V. IC=-500/.tA 207 233 , -26 220 253 -33
HFE @ VCE=-5V, IC=-10mA 193.8 217 -23,3 20(5" 237 -31
HFE @ VCE=-5V, IC =-20mA ._ 181 ,,,8 204 -22.2 193,2 221 -27.8
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TABLE A28:, AVOERAG E AND STANDARD DEVIATION OF POST HTRB ELECTRICAL TEST DATA FOR M-50
TEST AVERAGE VALUES STANDARD DEVIATION

' Freon DI Water Delta Freon DI Water Delta

iR (nA) @ VR = 55V 12 18 ...... -6 1,3 2 -0,7
VF (mV) @ IF = lmA '626.01 622.71 3.3 2,85 3,,16 ....... -0,31

VF (mV)@ IF = 10mA 754.75 .....753.15 .... 1.6 ..4,22 .... 4,4 -0.18
ICBO (nA) @ VCB = -50V !..9 0,75 1.15 0.01 0.021 -0.011
ICBO (,nA) @ VCB --- -70V 1,9 0.71 .....1.19 0,038 0,048 -0.01
ICES (nA) @ VCE = -50V 1 0,43 0.57 0 0,022 -0,022
ICER (nA)@. VC = -50V,,R= 1K 0.79 0.32" 0,47 bi01 0,011 0,001
IEBO (nA) @ VEB = -5V 0,01 0.01 0 0 0.... 0
VCES (mV) @ IC = -10mA, IB=- 81.67 85.62 -:3.95 0.911 0.623 0,288

50O_,A
VBES (mV) @,ilC=-10mA,IB=..500FA 764,71 763.23 1,48 6,914 0,907 0,007
VBEON (mV)@ VCE=-5V, IC=-5mA 677.74 700,01 "'-22.27,, ' " 3.66 ...... 1,09, '2,57
VBEON (mY),,@VCE=-SV,IC=-20mA 707,89 742.83 -34.94 9,4 1,01 8.39
1+HFI},, @ VCB=-5V, m=-10FA .....229,33 260,95 -31,6:21,,' 5.0395 ' 2,7245 ...... 2,315
HFE @ VCE.=-5V, IC=-500/xA 222.89 252,53 -29,64 4,757 2,3793 2,3777
HFE @ VCE-,-5V, IC =-10mA 208,76 235.87 -27,11 4,0837 212448 1,8389
HFE @ VCE-,-5V, IC=-20mA ....369.74 220.84 148,9 2'1,398 ........ '2.0884 ........ !9,31

ICBO/nA) @,yCB=20V 3,6 3,61..... ()..... 0,41 0,27 0,14
. IEB__OlnA)@ yEB=4V 28 19 9 28 16.... 12
ICER (nA) @ VCE= 13V, R= IK 2,7 2. 8 -0,1 0.15 0,16 -0,01

i HFE @ VCE=,,,SV, lC= lmA 70.77 74,975 24,205 .... 15,848 .... 9,8259 6,0221
HFE @ VCE=5V, IC= 10mA 91.12 97,136 -6,016 18,315 11,641 6,674

ii .....HFE @ VCE'q5_¢, IC = 100mA .... 67,748 ,,, 72,953 -5,205 11,791 7.5656 4,2254
VCES (mV) @ IC = 10mA, IB = lmA 1.44.47 143,52 0.95 4,06 3,95 0,11
VBES (ro_V_)@ IC,= 10mA, II3= lmA 803,83 . 800,57 3,26 1,86 1,63 0,23
VCES(mrI @lC =lO0mA,IB=I0mA 470.77. 472.31 -1.54 26.49 20,95 5.54
VBES (mV) @ IC= 100mA, IB= 10mA 1131,8 1137,8 -6 8,35 17,07 -8,72

VBEON (mV)@ VCE=5V, IC=5mA _ 726.78 720.76 6.02 3.28 3,66 -0,38
VBEON (mV) @ VCE=5V,, IC=10mA 782.28 775,9 .... 6,38 5,09 , 4,5 0,59

!CBO (nA) @ VCB=_-50V ..... 1,5 0.56 0.94 0 , 0,0! 8 , -0,018

ICBO (nA) @ VCB=-70V 1,7 0.63 1,07 0,045 0,046 -0,001
ICES,(n_A) @ .'.VCE=-50V 0,84 0.34 0,5 0.027 0,017 0,01

ICER/nA) @ ,VC=-50V, R= IK 0.69 0,29 0.4 t3,0!5 0,023 -0,008
mBOtnA)@VEB=-5V _ 0,01 0.0! 0 0 0 .... 0

/VCES (mV) @ lC =-10mA, IB=-500_A 82,31 86.03 -3,72 0,785 0.445 0,34
764.45 763.39 1,06 0,859 1.32 -0,461VBES (mV) @ IC=-!0mA, IB =-500/zA ...........

VBEON (mV) @ VCE=-5V, IC=-5mA 704.87 700.43 4,44 1,17 1.35 -0,18
VBEON (mV) @ VCE=-5V, IC=-20mA 746.03 743,31 2,72 1,13 1.37 -0,24
i +HFE @ VCB=-5V, IE=-10/xA 220.3 249,8"7 , ,-29,57 4',9929 3.8637 1,1292

FIFE @ VCE_=..-5V, IC=-500_A ,, 213,67 241,91 ,-28,24 4..8252 3,4441 1.3811
HFE @ VCE--5V, IC=-10mA 200.23 225.65 -25,42 4.4751 3.2954 1,1797
HFE @ VCE=-5V, IC =-20mA 187,66 211.35 ........-23,69 3,9734"i, 2.8689 1,1045

" ,,!R (nA) @ VR = 55V 12 17 -5 1,5 1.8 -0,3
....VF (mV) @ IF = lmA 627.56 625.17 2.39 2,17 2,99 , -0.82
....yF (mV) @ IF = 10mA 757,16 756.05 1.11 3,32 4.05 -0,73

" ICBO (nA) @,VCB- -50V 1,9 0.7:_ 1,!8, 0.0091 0,02 -0,011
ICBO/nA) @ VCB = -70V 1,9 0.7 1.2 0,035 0,05 -0,015
ICES (nA) @ VCE = -50V , 1 0.44 0.56 0 0,024 -01024

ICER (nA) @ VC =-50V, R= IK , 0.78 0.33 0.45 0,01 0,014 -0,004
IEBO (nA) @ VEB = -5V 0.01 0.01 0 0 0 0
VCES (mV) @ IC = -10mA, IB=- 81.75 85.66 -3.91 0.805 0.601 0.204
500_A

g,,,,_.,, ,__r, TO--'in..,^ 5£u3FA
I I *...._,_,.. \'"*/_ ....--. ...... mm_._-_ , 7fla...... II'_ , 763.77 , ...._1'0 . 0.962 1,24 ,.0,278
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TABLE A28: AVERAGEAND STANDARD DEVIATION OF POST HTRB ELECTRICAL TEST DATA FOR M-50

(CONTINUED)
I.... TEST A V,"ERAGE VALUES STANDARD DEVIATION

, , ,

Freon DI Water Delta Freon DI Water Delta

V BEON (mV) @ VCE=-5V, IC=-5mA 704,72 700.59 ....4,13 1,11 1.5 -0.39
VBEON (mV) @ VCE=-5V, IC=-20mA 741.77 743,37 -1,6 1.11 1,44 -0,33

I+HFE @ VCB=-SV,,m=-!0_A .... 231.28 259,31 "'_'28.03 4.7679 3.7311 .... 1,0368
HFrE @ VCE=-5V, IC=-5001aA • ,, .........224,'I 25'1'.18 -26,48 4.3595 3,1334 1,2261
HFE @ VCE=-SV, IC=-10mA 210.22 234.38 -24,16 3.8494 3,052 0,7974,,, , ,,, , , ....

HFE @ VCE=-5V, IC.=-20mA 196,92 219,53 -22,61 3_5799 , 2,8209 0,759 ,

ICBO (nA) @ VCB=20V , 3,3 3,7 ......-0,4 0,4 0,65 ..... -0,25
IEB0,(,nA ) @ VEB=aV 34 26 8 , 43 26 !7,,
ICER (nA) @ VCE= 13V, R=IK 2,5 2,8 -0,3 0,25 0,18 0.07
HFE@ VCE=5V, IC=ImA 91,344 65,835 2,5,509 22,318 9,643 12,675
HFE @ VCE'--'5V, IC= 10mA 113.42 85.502 27.918 24.751 1i.551 13.2

HFE @ V CE=5VI IC= 100mA 81,298 65,007 i'6,291 111237 7.4442 ....7,'7928
..VCES(mV).@lC =10mA, IB=ImA 138.69 148,28 ......-9,59 4,33 .... 3,97 0,36
VBES (mV) @ IC = !,0mA, IB= lmA 802,67 800.92 1,75 "2',29 1,6 0169
VCES (mV) @ lC = 100mA, IB= 10mA 438.79 496.16 -57,37 24.14 19.96 4,18, ,

VBES (mV) @ IC = 100mA, !B= I0mA 1131,9 1122,4 _ 9,5 11.53 11,39 ....... 0,14

VBEON (mV) @ VCE=5V, IC=5mA 723,79 725,06 -.1,27 4,9_., 3,72 0,29
VBEON (mV) @ VCE=5V, IC=20mA 777,7 780,94 -3,24 6.il 4,46 1.85

ICBO (nA) @ VCB=-S0V ..... 1,5 ...... 0,62 '0,88f 0.022 0,0t8 I ' 0,004 '
ICBO (_nA)@ VCB=-70V, ,, 1,7 0,72'" 0.98 0.054 0,059 :.o.,o05

ICES (nA) @ VCE =-50V 0.81 0.38 0,43 0,048 0,023 0,025
ICER (nA) @ VC=-50V, R= IK 0,66 0.31 0,35 0,02 0,012 0,008
!EBO (nA) @ VEB=.SV O,01 0,01 0 0 0 0
VCES (mV) @ lC =-10mA, !B=-5001._A 82,14 86,54 ,] ......-4,4 0,736 0,679 0,057

764,57 763,88 0,69 0,939 1,32 -0,381VBES (mV) @ IC=-10mA, IB=-500yA .........
_- VBEON (mV) @ VCE=-5V, IC=-5mA 704,61 700,75 3,86 1,19 1.58 -0,39

VBEON _mV) @ VCE=-5V, IC=-20mA 745.54 743,63 1,91 1,26 1,51 -0.25
• 1,+HFE @ VCB=-5V, IE=-10_A ....223.09 249,67 -26.58" 3.8767 3,4105 .... 0,4662

HFE @ VCE=-5V, IC=-500,,/zA 216,37 242,02 -25,65 3.5358 3,1298 0,406
_ HFE @ VCE=-5V, IC=-10mA 202.68 115,82 86,86 3.3104 2,9001 0,4103.......

HFE @ VCE=-5V, IC=-20mA 189,65 211,33 -21,68 2.:8_7.28 2,539 0,3338
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TABLE A29: MINIMUM AND MAXIMUM VALUES OF POST EXTENDED HTRB ELECTRICAL TEST DATA
FOR M-50

TEST MINIMUM VALUES MAXIMUM VALUES
.......... Freon DI Water Delta Freon DI Water Delta

",lR tnA) @ VR = 55V .... 12 7,7 4,3 12 16 -4

, VF (mV) @ IF = lmA ..... 620 619 1 630 ..... 633,5 -3,5
VF (mV)@'.,F _''= 10mA 748 743',15 , ' 4.5 761.5 764 _ .2.5
ICBO (nA) @VCB = -50V ' , 1.6 ,0:.8 0,8 1.7 ...............0,81 0,89

o _n_) @VC.. B = -70V 1.5 0,7 0,8 1.8 0,8 1

ICES (nA) @,,,VCE = -50V 0.84 0.48 0,36 0.94 '0,48 J 0,4_6_]
ICER. (nA) @ vC = -50V, 'R= 1K..... 0,64 ...... 0,38 0,26 0.77 ,0.4 ,0,37_
tEBo(nA)@,VEB= -5V 0.005 0.035 -0.03, 0,005 0,05_ -0,05
VCES (mV) @ IC = -10mA, IB=- 80.5 83,5 .3 83 85,5 -2.5

500/_A
'VBES (mV)'@ IC--2-10mA, IB=,500/_A. .... 764.5 767 -2,5 766 768,5 -2,5

VBEO N (mV)@ VCE=-5V, IC=-SmA 704 704 0 706 707 -1
VBEON (my). @ ,VCE=-Sv, IC=-20mA 727.5 747 -i9.5 740 749 -9

,..i+HFE @ VCB=-5V, IE=-10/_A ....... 219 , 2,i_i ....... -27 235 258 -2i....
H FE @ VCE--SV, IC=-500_A 214 239 -25 227 25! -24
HFE @ VCE=-5V, IC=-I0mA 201 223 -22 212 234 -22
HFE @ VCE =-5V, IC =-20mA 208 209 - I 245 219 26

ICBO (nA) @ VCB=20V .... J 2,2 0.8 4,9 "' _.___ _ 1,9
,, IEBO (nA) @ VEB=4V ..... i'3 12 1 66 150 -84

ICER (nA) @ VCE=I3V, R=IK 2,6 1.8 0.8 "),9 2,1 0.8
HFE @ VCE=5V, IC=lmA ' 50,9 56,4 -5,5 '104.2 84.9 19.3,, ,,

HFE @ VCE=5V, lC = 10mb, 69.2 73,5 -4.3 129.2 108.1 21,1
HFE @ VCE=5V, lC = lO0mA 53,6 57,1 -3,5 93,3 79,4 13.9

VCES (mV) @ lC = 10mA_ !B= lmA 135.5 139.5 -4 1.48,5 ....... 152 -3.5
"VBES (mV) @ IC= 10mA, IB= lmA 800,5 803,5 -3 806 809,5 -3.5
_VCES (mV) @ IC = 100mA, IB= 10m,'_.... 419,5'' 448 ..28,5 499 520 -21
VBES (mV) @ lC=lO0mA, IB=I0mA 1119 1115 4 1146 1181,5 ,., -35,5

VBEON (mV) @ VCE=5V, IC=5mA 720 723,5 -3,5 731 732,5 -l,5
VBEON (mV) @ VCE=5V, I6= 10mA 772 777 -5 789,5 790,5 -1
ICBO (nA) @,.,VCB=-50V 1,:,5 0,6 0,9 1,6 0,63 0.97_
ICBO (nA) @ VCB=..70V 1.5 0,6 0.9 1,9 0,8 i, l

I__CES(nA) @..VCE =-50V .._.... 0,8 0.38 0,42 0,9 0,4 0._5
ICE__....R(nA) @ VC=-50V, R= 1K 0,64 0.32 0.32 0,76 0,34 0._42
IF.RO (,tA) @ VEB=-5V . 0,01 0,01 ..... 0 01005 0,03 -0,025
VCES (mV) @ lC =-!OmA.. !B=-500yA 81.5 83.5 -2 83.5 86 -2, 5

_mV) @ IC =-10mA, IB=-500yA 764 766 -2 765,5 768 -2.5
VBEON (mV) @ VCE=-5V, IC=-5mA 704 704 0 705.5 706 -0,5
VBEON (mV) @ VCE=-5V, IC=-20mA 747.5 747 0.5 749 ' 748,5 0.5
I+HFE @ VCB=-5V, IE=-10/zA 210 238 -28 223 256 -33

_H_ @ VCE=-SV, IC=-500/_A 204 230 -26 216 248 "32

H_ @ VCE=-5V, IC=-L0mA 191.2 215 -23.8 202 231 -29
: • HFE @ VCE=-5V, IC=-20mA ,!79,5 20i -22.5 'i89.7 216 ..26.3

,lR (nA) @ VR = 55V 10 7,9 2.1 14 15 -1
VF (mV) @ IF = l mA 624 626 -2 631 634 -3

.. VF (mV) @ IF = 10mA 750 752 -2 ...... 761,5 764 2:,5
ICBO (nA) @ VCB = -50V 1.6 0.77 0,83 1,6 0,79 0,8!
ICBO (nA,),,@ VCB = -70V .......... 1,5 0,65 0.85 1.7 0,8 0,9

: ICES (nA) @ VCE = -50V 0.87 0.48 0.39 0,92 0,49 0,43
ICER (nA) @ VC = -50V, R=IK __ 0.66 0,38 0,28 0.71 0,4 0,31
ll_,RO (nA) @ VEB = -5V 0,002 0.015 -0.01 0.005 0.055 -0.05
VCES (mV) @ lC = -10mA, IB=- 80.5 83.5 -3 83 85.5 -2,5
500tLA
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TABLE A29: MINIMUM AND MAXIMUM VALUES OF POST EXTENDED ELECTRICAL TEST DATA FOR M-50

.(CONTINUED)
' TEST MINIMUM VALUES MAXIMUM VALUES
............ Freon..... DI Water Delta Freon DI Water Delia

.VBE_____SS_Ir_V)@IC=-I0mA, IB=-500/_A ...... 764,5 ,767 ...... -215 765,5' ......76815 ...., ....-3
VBEON (mV) @ VCE=-5V, IC=-5mA 704,5 704 0,5 705,5 706 -0.5

'_/BEON (mV) @ VCE=-5V, IC,=-20mA 744 746,5 .... -2,5 746 " _/49 .... -3 ,
1+HFE @ VCB=-5V, IE=-t0/_A ' 221 251 -36..... ,.... 236 25'7 ....-21

-HFE @ VCE=-SV, IC=-500/aA....... 215 .... 243 -28 ............ _230 249 ..19

-H_FE@ VCE----SV, IC=-IOmA 202 227 ,-2 # 2.15 I..... 232 -17- '
,,FIFE@VCE_-5V, IC--20mA ' 189 _,, 212 -23 201 ,217 -16
ICBO (nA) @ VCB=Z0V 2.7 2,3 0.4 4,1 3,2 0.9
EBo (nA) @ VE,B=4V ..... 12 12 '0 , 101 4'9 '"'52

j IC-ER(nA)@ vCE=13V,,R "IK 2,1 1,8 0.3 3 2.1 ...... 0,9
HFE @ VCE=5V, IC= lmA , 53.7 56.2, -2.5 125.,61, 92.3 , 33,3
HFE @ VCE=5V, IC= 10mA 72.5 , 74.1 -1,6 149.3.... 116,7 32,6
HFE @ VCE--5V, IC ' 100n_ 56,2 57.3 -1,1 102,7 84.5 !8.2

VCE...._S/mV) @ lC =10mA, IB=lmA .... 132'5 I 137,5 "5 , i48 i52 .4
_VBES (mY) @ !C =)OmA, IB= ImA_._._ 799,5 804 -4,5 806 807,5 .... -I,5
.VCES (mV) @ lC = 100mA, IB= 10mA 412.5 437,5 -25 495,5 ........ 535 -39,5
VBES(mV),@IC=100mA, IB=10mA 1112,5 1114 -1.5 " 1154,5 1168 -13,5
VBEON (mV) @ VCE=5V, IC=5mA 718 723,5 -5.5 729,5 733,5 -4

'"",VBEON(mV) @VCE=5V, IC=20mA 769 ....776 ' -7 787 789,5 -2,5
ICBO (nA) @ VCB=-50V ...... 1,3 "'6,66 0,64 1,3 0,68 0,62

,,')CBO(nA) @,VCB=-70V 1.4 0,7 " 0,7 1,(5' ' ()','8,, 0,8
. I_CES(nA) @ VCE =-50V ............ 0.68 0141 0,27 0.82 0.'_6 ,,0,36

ICER (nA) @ VC=-50V, R= 1K 0.64 0,36 0,28 0,68 0.38 0,3,,,,

IEB___Q.(nA)@ VEB=-5V 0,01 0,01 0 0.01 0.01 0
VCES (mV)@ lC =-10mA, IB=_-500"_,, ,.._ 81,5 '83.'5..... --2 83,5 87 .... -'3,5

VBES (mV) @ IC=710mA, IB=-500/_A 764 767 ' _3 765,5 768,5 -3
'_'VBEON('mV)@ VCE=-5V, lC =-5mA' 704 704 '0 705,5 707 -1,5

' VBEON _mV)@ VCE--5v, IC=-20mA 747 747 ' 0 74815 --749,-5 ...... -1
1+HFE @ VCB=-5V, lE=-10_A 21,,3 239 -26 224 251 -27
HFE @ VCE=-5V, IC=-500/aA 207 232 -25 2i7 243 _ -26
HFE @ VCE=-5V, IC=-10mA ............ 193.8 216 -22,2 204 227 _-23
HFE @ VCE=-5V, IC=-20mA l 182 ........203 -21 190,2 213 -22,8

38



• " TABLE A30:AVERAGE AND STANDARD DEVIATION OF POST EXTENDED HTRB ELECTRICAL TEsT
FOR M-50 ,

TEST AVERAGE VAL_JES " STANDARD' DE_/iATION '

Freon DI Watl4 t Delta Freon DI Water " Delta'i'R (nA)@ VR =_55V i'i'3 ' ' -1.... 1,1 1.9 "_0,8_-
, ,,VI:)(mV),@IF = lmA .... 626.1'_} 63.9,61 -3,42 2.64 ' 3,27 -0,63

VF (mV) @ IF = 10,n_"' ..... 754,81" 7_9,31 -4,5 ..... 3,91 _ ,4_53 ,,O,62
ICBO (nA),@ VCB = -50V_. 1,7 0.8 0:9 0,023 0.0029 0,0201

, ._ICBO(nA) @ VCB = .70V 1,6 0,78 0,82 0,1 0,03!, 0.069

ICES...__ vcE' -50V .... ,, ' 0,88 0,48 0,4 "0,03 ,Q , 0,03
ICER (_nA)@ VC = -50V: R= 1K .,. ,, 0,68 , 0,39 0,29 6',039 0,0078 0,0312
,.IEBO(nA) @ VEB ----5V 0.GO5 0,039 -0,034 0 0,0059' , ,.-0,,0059
VCES (mV) @ IC = -10_r_, IB'=- 81.59 84,19 -21(_' 61821 0,489 0,332
500_A .... _

VBES (mV) @ IC=.10mA,'IB=-50OyA ._ 76'5 767.67 -2.67 0,516 '0,485 0,031
VBEON (mV) @ VCE=-5V, IC =-5,nA 704,97 "_64,_)4 0,03 0,591 0.856 -0,265
VBEON _mV)@ VCE=-5V, lC ='_20mA 734,72 747,69 -i2,97 ...., 4,72 0,66"I 4,'053

1...._+HFE@ VCB=-5V, IE=-IOyA 226,94 255,28 -28,34 5,4708 2,6746 2.7962
HFE .@ VCE=-5V, IC=-500yA 220,63 247,22 -26159 4,7592 2,6247 2,1345-
HFE @ VCE=-5V, lC =-10m A .... 206,63 230,61 -23,98 4:,0476 2,3798 .... 1,,6.678, ,,, ,,

HFE @ VCE=-5V, IC=-20mA 224,69 216,06 8,63 11,649 2,2089 9,4401ICBO/nA.) @ VCB=20V ,, ' 3,6 2.5 .... 1.1 "0,48 0.!8 0.3
.IEBO (nA) @ VEB=4V , 25 24 1 16 ,,, 32 -16
.,!CER (nA) @ VCE= 13V, R= IK 2,7 2 0,':/' . 0,:081 0,008! 0,6729

HFE @ VCE=,5V, lC= lmA 74.425 (5'9,428 4,997 18.011 9.046 8.965
HFE @ VCE=SV, lC= 10mA 95.6 90.633 4,967 21,133 11,009 10,124.....

H-FE@ VCE=5V, IC 100mA 70,65 68,839 1,811 13:,.693 7,3454 6,,3.476
_VCES (mV) @ lC = 10mA, IB= lmA 143.31 144,l'f -0.86 4,99 4.35 0,64

VBES (mV) @ IC= 10mA, IB= lmA 803,59 805,86 -2,27 1,58 1.74, -0.16
..riCES (mV) @ IC = 100.mA,IB_=10mA 463.22 478.11 -14,89 31,67 21,92 9,75
...VBES(mV) @ IC= 100mA, IB= 10mA 1129,9 1139,8 -9,9 8,08 20.04 -1!.96

VBEON.ImV) @ VCE=SV, IC=5mA t . .726'3.4 727,47 -1,13 . . 3,43 3,53 -0,1
V__=B.EON(mV) @ VCE=5V, IC= 10mA 781,41 782,78 -1,37 5,7'7 4,48 1,29

: ICBO (rA) @ VCB=-50V '--_ 1,5 0,61 0,89 0',025 0,0079 0,0171
ICBO (nA)@ VCB=-70V .... 1,6 0,68 0,92 0,12 0,059 0.061

.,.!CES(nA)@ VCE =..50V 0.85 _. 0,39 0,46 0,033., 0,0051 0,0279
ICER (nA) @ VC ,=-50V, R= 1K 0.7 0,33 0,37 0,028 0,007!,._ 0,0209

._ VEB=-5V 0.005 0,0075 -0.,003 0 0.¢)065 -0,0065
yCES (mY) @ IC =-10)nA, IB=-50%A 82,28 85,19 ..2,91 0.752 0,689 0:063
vBE_ S,_E_mv)@IC=-10mA, IB=-500,.y.A _, 764,56 767,42 " -2,86 (),403 ,, 0,,575 -0,172
VBEON (mY) @ VCE=-5V, IC=-5mA 705,0,'_ 705,03 0,06 '0,523 ,. 0,776 -0',253
VBEON (mV) @ VCE=-5V, IC =-2.0mA 748.16 747,78 0,3.8 0,397, 0.624 -0.227 ,,

.I'II+HFE@ VCB=,-SV, IE=-IOyA 217,25 243.5 -26.25 .3_.._9412 4,5794 -0,638
HFE @ VCE=-5V, IC=-500pA ,. 210,81 235,83 -25,02 3.6918 4.5407 -0,849

lIFE @ VCE=-5V, IC=-10mA 197.54 220.17 -22,63 3:.4727 4,033 -O,56
| "* _HFE_@ VCE=-5V,__,=, IC=-20mA ,,, 185.05 206,44 .21,39 , 3.1123 3.6335 -0,521
-1, I_R____nA)@ VR = 55V 13 13 0 1.3 1,7 -0,4

VF (mV)..@ IF = lmA 628 630,92 -2,92 ,,,2,06 2,2 -0.14
" V-F(mV)@ IF = 10mA 757.56 760.47 -2,91 3,45 3,32 0.13

.ICBO (nA) @ VCB = -50V " 1,6 0.78 0,82 " 0 0,0067 -0,0067
_ICBO (nA) @ VCB = -70V 1,6 0,76 0.84 "(),055 0,037 0,018

.,ICES(nA,)@ VCE = -50V "' 0.88 " 0.48 0,4 0,011 '0.0038 0,0072
ICER (nA) @ VC = -50V, R=IK '* 0.68 ' 0,39 ,,, 0,29 . 0,014 0,0062 0.0078

_BO_nA, ) @ VEB -5V ,.,. 0.005 0.036 -0,031 _ 0__ 0.009 . -0,009
VCES (mV) @ IC = -IONIA,IB=- 81.44 84.42 -2.98 0,629 0.522 0.107
...500uA
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TABLE A30: AVERAGE AND STANDARD DEVIATION OF POST EXTENDED HTRB ELECTRICAL YE-'STDATA

,FOR M-50 (CONTINUED> .............
TEST ..... AVERAGE VALUES STANDARD DEVIATION

....... Freon bl Water Delta ........ Freort '" DI Water Delta

_/,V_BES/m_i"@IC=.lOmA, IB ,=7500F_, ' 764,8'1 767,69 ..... -2,88 " 0,359 , 0,598 .0,239
VBEON (ro,V,)@ VCE=-5 V, !C=-5mA 704,88 705 -0,12 0,465 0,786 ,,-0,321

V-B-E-ON(mV),@ VCE--5V, IC =-20nlA ........... 744,72 T 747_64 ....... -2,92_,,, 0,632 0,7,82 -0, !5, '
I+HFE @ VCB=-5V, IE=-I.0FA 229.94 254,67 -24,73 4,9996 !,5339 3,4657
HFE @ VCE=-5V, !C=-5 ,,OOp,A .... 223,38 246,67 -23,29 4',8973' 1,49,51 3,40-2-2-

....i-lffrE@ V CE=-5V, IC=-IOmA 209.1'3 .... 229,94 ....'-"/0,81" 4,1932 1,3921 2,80_['I '
HFE @ VCE=-5V, IC--20mA .... ' 195.64 2i5,39 -19,'75 3,8196 1,195 2,6246

iCBO !nA)@ VCB=20V .... ,, :_'1'3 2,6 ' 0,7 0,_1 0,25 0,!6
IEBO (nA,) @ VEB--4_V, 27 19 8 24 11 13

_nA) @ VCE=13V, R=li_, _ 2.6 2 ' 0,6" 0,25 0,075 0,1'7'5
HFE @ VCE=5V, IC=lmA ' 92,8_ 65,339 27,505 ' 23,511 i0,316 131195

HFF_,@ VCE=5V, IC=I0mA 116,16 86,,794 31,366 26,646 12,189 14,457
' i-IFE @ VCE=SV, IC= lOOmA 83.25 64,489 18,76!,.... 16,479 7,8785 8;6,005

..,VCES (my,),, @ lC =lOmA, m=lmA'" 138.16 14713',3 , ....-9,17 5103 4,13 0,9
VBES (mV l @ IC = 10mA, IB= lmA ...... 802,41' 805,69 -3,28 2; 12 I, 1 1,02

'VCE S (mVi@ IC = loomA, IB,-: 10mA 436.38 494,42 -58.0,4., 26,75 22,87 .... 3.88-
VBES (mV) @ IC= 1,,,,00,,mA,IB= lOmA, 1129,8 .... 1126,4...... 3.4 11,19 12,84 -1,65
VBEON/mV! @ VCE=5V, IC=5mA 723.38 730.25 .6,87 4,18 2,91 1.27

I'VBEoN lmV) @, VCE=5V,, IC=20mA 776,97 785,83 .... .,8,86 .... 6,51 3,91 2,6
_,!CBO/nA) @ VCB=-50V .... 1.3 0,66 0,64 0 0,0084 -0,0084

.,.!CBOInA)@ VCB=-70V 1,5 ....0,77 , 0,73 0,064 0,039 0,0.2,5

_lC_ES (nA) @ VCE =-50V .... 0,,77 0,43 0,34 0,045 0,014 __ 0,03_!_
ICER (nA) @ VC=-50,V, R= 1K ..... 0,65 0,36 0,29 0,01 0,007 0,003
IEBO (nA) @ VEB=-5V 0,005 0,005 0 I 0 0 0., ,,',, ,,

"VCES (mY) @ IC =-lOmA, IB=-5OOFA 81,(J4 85,72' -3.78 0,727 0,'79 -"-0,063
__V),@ lC !0mA:.IB=-500 AL, 764.59 767,69 -3.1 0,417 ,, 0,489 -0,0_72

VBEON imV) @VCE=-5V, 1C=-5mA 704.78 , 705,08 -0,3 0,547 0,827 -0.9-_8
.....VBEON (mV) @ vcE=-5 V, IC=-20mA .... 747,81 747.94 '0,13 0,443 0,662 -0,219

.....! +HF'E @ VCB=-5V, IE=-I0_A 220.2.5 i42,39 -22.14 ' 3,8557 3,0125 0,84,32
HFE @ VCE=-5V, IC=-5.00/_ A 213.5 235,06 ..21,56 3,5777 ,, 2,6892 0,8885

.... ,

HFE @ VCE=-5V, IC=.IOmA 199,78 219.44 -19,66 3,2196 2.5257 0,6939
" HFE @ VCE=-5V, IC=-20mA 187.01 205,67 -181_(56 .... 2.7325 2.3764 0,35,611

11
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TABLE A3i: MINIMUM .ANDMAXIMUM VALUES OF,POST 500HOUR HTRB ELECTRICAL TEST DATA
FOR M-50

..... TEST ' MINIMUM VALUES MAXIMUM VALUES_ _
i ,t , , ,i , ..... |, i ,,..

' Freon DI Wa!e,r Delta Frepn DI,Water Delta
!R(nA)'-----_VR= 55V 12 iI I 20 19 I

,_ VF (mV_)@ IF = lmA ..... 6i5,5 ' 6_,0 ' '-Jl,5 ' ' 627 ....... ?32 -5-
VF (mY) @IF'= '10mA ' 745,5 748,5 ........... _3 759 764 -5--
..ICBO (nA) @ VCB= -50V ...... _, , ()",8, .' 0,';/9 0101 ........ 0,S_. 0,81 0,01

. ICBO(nA) @ VCB = -70V 0,75 0,74 0,01 0,85 0,75 0,1
ICES(_nA)@,,VCE = -50V ,, .... ..,, 0,48 ,, 0,46 "0,02 ' 0,48 - 0,48 , _0
ICER/nA) @ vc = -50v, R= IK 0,36 0,36 0 0,4 0,4 0
IEBOlnA)@VEB= -5v o,oo5 0,02.5 .o,o2..... o,o15 .. o,o5.. i-o,o35
VCES (mV) @ lC = -10mA, IB=- 80,5 83,5 -3 84,5 85,5 -1
500/_A _

, VBES (mY) @ IC=-!0mA, IB=-500/zA ";')59 764 "5 764,5 768 ...... :3,5
VBEON (mV) @ VCE=-5V, IC=-5nlA 697 701 -4 704,5 705,5 -1

• VBEON (mV)@ VCE=-SV, IC=-20mA,,,,, 740,5 744 ,,,.... -3,5 748 ' 748 0
I+HFE @ VCB=-5V, IE=-10p,A 221 250 -29 ......238 258 -20

'_HF,E @ VCE=-5V, IC=-500p.A ...... 215 243 .28 12,,! 250 , -129
.HFE@VCE=._V,IC=.-tOmA 201 227 , .26 216 233 , -17
HFE @ VCE -'-5V_ IC=,.20mA , 188,8 2,!2 -23,2 203 219 -16
ICBO(,nA)@ VCB=20V ...... 3,3' ,, 2,6 .,,0,7 5,6 ,, 4 __ 1,6__

' IEBO (nA) @ VEB=4V 13 12 1 143 64 79
ICER (nA)@ VCE=I3V, R=IK ,_i 2,7 2,1 0,6 '3,7 ..i12,6 I,_

: HFE @ VCE=5V,,!C= lmA ,,,,, 53,4 ,,,.54, -0,6 _.. _102 89,5 12,_4
HFE @ VCE=5V, IC= 10mA 71,7 70,9 0,8 131.2 112,9 18,3
HFE @ VCE=5V, IC= 100mA ...... 54,7 55,3 .... -0,6 93,3 82,7 10,_66
VCES (mV)@ lC = !0mA, IB= lmA 140,5 139 1,5 152 153,5 -1,5
VBES (mV) @ IC= 10mA, IB=lmA 796,5 800,5 -4 " 803,5 807 -3,5

"VCES (mY),@ IC = lO0mA, iB= 10mA 441,5 42_,5 13 5i'9 520,5 -1,5-
VBES (mV)@ IC= lOOmA,!B=10mA 1119 '1i',17,,5 1,5 1147,'5 ..... ii79 -31,5
VBEON (mV),@ VCE=5V, IC=5mA 714,5 719,5 -5 728,,5 732 -3.5
VBEON (mV) @ VCE=5V, IC= 10mA 767 773 -6 787 789 -2
ICBO (nA)@ vcB=-50V ...... 0,6,1 _,-6 0,01 0,63 0,61 0,02
ICBO/nA) @ VCB=-70V ...... 0,65 0,6 0,05 0,75 0,7 0,05
ICES(ttA) @ VCE =-50V ....... 0,38 0,.38 ......... 0 0,4 0,4 __0

: IC_.._E.R(nA) @ VC =-50VI R= IK 0,32 0,32 0 0,33 ......0,34 -0,01_1
-" IEBO (nA) @ VEB=-5V 0,005 0,005 0 0,005 0,035 -0,03

VCES<mV),@IC =-L0m'A, IB=_ 81.5,, 84 -2,5 83,5.... 86 .2,5
-VBES (mV) @ IC=-t0mA, IB=-500/_A 758 764 -6 764 768 ., -4

VBEON (mV) @ VCE=-5V, IC=-5mA 696,5 70i,5 -5 ' 704 706 -2
vBEON (mV) @ VCE=-5V, IC=-20,,n_ 740 744,5 "-4,5 " 747,5 ,,, 748,5 i-- -.-]-
I+HFE @ VCB=,..5V, !E=-IO/_A 210 236 -26 227 ._.247 -20

_ -_t-FF_.@ VCE =-5V, lC-:500/z A .... 204 229 -25 220 239 .... -19
HFE @ VCE =-5V, IC=-10mA_ 191.6 214 -22,4 206 223 - 17

-_ HFE @ VCE=-5V, IC=-20mA ......... 179,9 , 201 :_21,1 , 192,8 209 -16,2
lR (nA) @ VR = 55V 12 12 0 20 ......17 __
VF/mV) @,,IF = lraA , 6!6,5 624,5 -8 625.5 632 .6,5

_- - V._y_mV')@ IF = 10mA 745,5 ...... 754 _, -8,5 '756 .....762 ....-_6
I___CB____0(nA) @ VCB = -50V 0,78 0:,76 3.02 0,8 0,87 -0.07

ICBO(nA)_@ VCB = -70V ,, 0,75 0,7 0,05 0,8 0,8 _0
- ICES (nA) @ VCE = -50V' 0.48 .... 0,48 0 ..... 0.49 ,,,0,57 -0,08

_ICE__RR(nA) @ VC =-50V, I_=1K .... 0,36 Q,38......... -0,02 0,4 _0,48 ,,. .0.08
_-_ IEBO.(nA) @ VEB = -SV , 0,005 0,015 -0,01 0,005 0,14 -0,135

VCES (mY) @ IC = -10mA, IB=- 80,5 83,5 -3 83,5 85 -1.5
500uA

z

41

nlIilllv...... IIPn"II .... qr..... Hr H 11'*,ql' _' IP_ll_'lg"111..... _r 1'1' p_n_ll'l........ , .... i!111, lH,II ,,,qUlPr, iqlpI...... rlllnlr_l_l "11,n ,Hl, .ir_,ul,_l,,1 , ql...... ,1, n ,til_ 111,I........ ,_II , ,s,,,_,,_rlfv,,q,, n_p_q_p_l*1.... qlrq,_'ll ,,rl,I""_"' nn _!_e_,n,", _,,lni,_ru_lu,lqF,_p,_l,



' T_(BLE ADi: MINIMUM AND MAXIMUMVALuES 'OF POS'I;500 HouR'HTRB'E'LEcTRICAL TEs'r DATA

..... FOR M-5o (CONT!NUED) ....
......... "' TEST ' _..... MINIMUM VALUES MAX_uM-VALUES ......

....... : "........ Freud Di Wator Delta ' FrauD,...., ' -DI Wa!or:........ Ddta
VB,ES (m'V)@IC=.I.O_,:!B::isIX)tA ..... . 759 ...... ....764,5 " .5,5 ._ 764,5 ....... 768..... .3,5
VBEQN (my) @ VCE=.5V, lC:::SmA .... 697,5 702., . ;4, 5 704.5 705,5 . . -i
VBEON (mV) @...VcE=,-5V, IC=-20mA 740,5 744,5 -4 747,5 748,5 -1

[ i +HF E @ VCB=-5V, IE"d0/_A _. 218 -_.:_..... ....247 . ..................:29 236 259 ........... -20_•
HFE@ VCE=-SV I IC=,509.ptA' . 218 238 -20 232 _ _ 259 -20
HFE @YCE=-5,Vt, IC=.,10mA 266' - 222 " -16 216 234 -i8 ,
H FE _ VCE=.SV, IC--.20mA ....... ' ,192,8 ...... 209 ..... :16,2...... i02 219 .17
ICBO (nA) @ VCB"'20V 3 215 ..... 0,5 5 .... 4,'4- ......... 016
IEBO(i_-_,)@VEB=4V ..... i". .... 14 _ - ',!3 ..... 1' .!88 122 '",'. ' ....66

I____..VCE = 13Va_.R=1K .... _,.i.... 2,3......... 2,1 .. 0,2 ...... 3,6 2,6 1
HFE VCE SV, IC= lmA 58,2 55,6 2,6 120,2 82,1 3'8,1_ ___@'l _ ............

_H_@VCE,_=5V, IC=!0mA,, ' 76,7 ... 7:2.9 ... 3,'8 _ , ' 1_,5,8 " ' i'05,'5 .... 40,3
._.HFE@ VCE-"SV, IC= 100mA 59 56,6 2;4 1()1,1 77,9 23,2--_-- i ,, ,,, ,, | .... • ,u ........

VCES (mV)@IC =10mA, IB=lm A . 134 I ...... 140,5 '6,5 .. 150,5 _ 152 . ._ -1,5
.VBES (mY) @ IC= lOmA, IB= lmA 793,5 801,5 -8 803 806,5 -3,5
VCES (mV)...@!.C = lO0mA, IB.:=t0mm 414 4.60 -46 512 521 -9

" _VBES (mV) @ lC-- 100mA, IB= 10mA _ 1'115 i ' 1115,5 ......... -0,5....... i'1'46 . i i54:5 "-8,5 "
yBEO N (inv).@'VCE.=SV,.IC-,Sm,A". ' 'i .... _,711 ........ ")20,5 " 29,5 .... 726 ..... 732 _ ' .6
VBEON (mV) @ YCE=5V: IC=20ma ....... 763 '774',5 ......;]1,5.............. 783 _... 789,5,.., ......,. ..615
ICBO (nA) @ VCB=-50V 0,6,6 0,66 0..... 0_69 , 0,68 0,01
iCBO (nA) @ VCB=-70V . ..0,75 0,7 0,05 0,85._, 0,8...... 0,05.

: .ICES (nA) @ VCE =-50V .,. 0,4 0,4 0 0,44 0,46 ....-0,02
. ICER..(nA) @ VC=-50V, R= 1K, _ 0,34 . 0,34 0 0,37 ..... 0,36 0,01

.mB0/nA),@VE,B=-5V 0,005 0,605 0 0,005 , 0,005 0
VCES___V)_@.!C =-I0mA,"iB...=-500/zA ...... 81,5 ..... . 84,5 -3 84 ........ 86 ' ' -2

758 764,5' -6,5 764,5 768 -3,5VBES (mV) @ IC=-10mA, .!B=-5OO/_A.......
VBEON (mV) @ VCE=-5V, IC=-5mA .. 696,5 "702 _ ., -5,5 . 704,5 706 .... -1,5'
VBEON- (mV/ @ VCE=-5,y., IC.=-20mA .... 740,5 - 744.5 -4 747,5 .....749 " _-i','5 •, ,, ...... , , , , ,.

I+HFF @ VCB=-5V, IE=-IOp.A . 213 235 _ -22 225 ....246 -21
.HFE @ VCE=.5V, IC=7500//.A ...... ' 207 227 .20 219 238 -19
HFE @ VCE=-5V, IC=-10mA 193,8 213 -19,2 205 _ 22,3 ....... ;18

" HFE@ VCE=-5V, !C=-20mA ..... .'is.1..'fl: _.."..'199,6 -17,8 191,5 209 -17,5

42

' 'l' 11...... Ii_ ......... II_ ...... _ll ........... II' " ' r'' _'"Ilmmp,Ir, "rl_llpl"' ,I,,', "_1'"........ I1_11,r_rtPmllnl,,rlI,_, , ,, , I, 'rl,, ......... , ,,- ,l_lr .... I_I,' _,, nr,,n,ili,pll,,,,, ..... a],rl_r',_q:_nn,_ln,n,'_ ,q......IIl'll'nnm"R,



.....TJ(BI.,EA3i';"AvE_oE- AND"__ON OFPOST500HOURHTRBELECTRICALTESTDATA
FOR M-50

........ , ,,T,E,ST.............. AVE ,RAOEVALUES ..................STANDARD DEV,IATION_
Froon DIWater Delta , Fr_,0n.........D,!.,Wator Delta

vR- ................. 16......... ' t t,9 , 2,4 .
VF (tl!_) @,!,F,=,,,l,mA' ,.......',,' ....... 620,5" ' 626,28'.' _5.,78_ 3,09 2,99 0,1

i .VF (mY)@ IF = 10!rb_ ....... '' ' 750,55 755,9 -5,35 4,36 3,84 .... 0:52
ICBO (nA).@ VCB ,.,,,-50V ....... 0,8'1 ....... 0,8 ..... (j,01l ' 0,0071 0,0032 0,0039 i...................... :.li.. ..... aaaa ' .I. ft. i .1.... ' : : :u . .,

, ICBO (nA) @ VCB = .70V 0,79 0,7..7...... 0,02 .... 0,028.......... 0,.024 .... O,004....
ICES_.-qA)@ VCE, = '5()v .................. 6;4-8"" 0,47 0,01 0 0,0047 ...... ,0,0047
!CERInA) @VC = -,_ov, R-' 1K .... i.ii'.......... 0.,37 ....... 0,3'.9.i" ..... -0,02 , ,.., ,,o',(JlS,., _ 0,012 ,_ 0,003.,
IEBO (nA) @VEB ,-'-SV ............. 0,,,006 .... 0,037 .,0,031 0,0026 0,006 _ -0,003
VCES (mV) @ IC =, .10mA, IB=.. 82,08 '"84,33 ....."2,2._ ..... 0,963 0,52 0,443
SOO_A
,,V,BE_-(mv),_ IC=,-!0mA,t,!Bm-500/_A 760',6_1_.,.'" 765,,7 , 11_5,9_ mm i 1,61 ..... 1,37 " 0-124--

....yaEoN(mV) @ VCE=-5V, lC=-SmA 699,68 .i 70-3.. .3,32 2,24 1,35 0,89
VBEON (mV) @ V=C_E=,I-SV_ICI=-20mA, ...... 742,95 745,6 .2,65 2,09 1,3 0,79

,-'! +HFE @ VCB=,.-5V,IE=-!0_A ...... 230.35 ' 12155'2..'''' ",24'815 i 5,264,3.'..' "' 2,6278 .... 2,6365_
HFE @ VCE=.;SV., IC=-500p.A ..... 224..05 . 246,9 -22,85 4,9148 ...... 2,49 2,4248

..HFE @.VCE=.5V: IC=,-10mA ........ 209,75 230,4 ' .... .20,65 4,2162 2,21 , 2,0062
....HFE__.._@VCE=-SV, IC=-20mA 196,45 ' 215 95.' _ .... -19,5 , 3,9808 ,. 2,-0641 :_i,9167'
,,!cBo(nA)@.VCB=.20V ................... 4,2 ,, 3 ,._ 1,2 0,57 .... 0,29 0,28

IEa 0 ln,Lk)@ VEB,"4V 32 17 15 .... 36 12 . 24
_ICER (nA) @ vcE= i3V, .R='IK ..... ,'.'.3',3_, .... 21,_...... .. 6'.19 0,32 0,14 0,18

HFE @ VC,E=5V, IC-,.lmA 67,78 ....75,,!..!'. -7,33 1!,757. 11,02 0,737
l,_ " "4 L ......... , ,, t , ........Ht_@ VCE 5V,.IC=10mA _. 87,71 96,875 -9,165 13,525 13,053 0,472

HFE@ V_CE=5V, IC= lO0mA._== __ 65,55 ........ 72,51 -6.96 8,632. 8,5292 0,1028

VCES/mV ) @ lC =i0mA, IB= lmA 147,1 143,4 3,7 2,94 4,53 .1,59__. .VB,_S(tqlV)@ IiC'' 10mA, lB.= !mA,̀ '....... 7991'58 "803,ii -4,'02 1,92 1,77 0,15
VCE__S_mV)@lC =i00m A, IB=I0mA._. 486 471,58 14,42' ' 21,35' " 24189 -3,541 . - .. .. ;: • -

VBES(mV) @.!C = K)0mA,IB= 10mA .... 1131,4 1137,6 -6,2 8,12 , 17_98 ....... -9,86
VBEON (mV)@ V.CE=5V, IC=5mA ,..721,98 . 724,4,.,. ' .2,42 .... _ 2,68 3.,.79 -1,1 !.

va BEON/mV) @ V.CE--5V, lC= 10mA 778,45 779,28 .0,83 3,66 4,75 -1,09
ICBO (,.nA.).@VCB=.50V 0,62 ..... 0'i'6 0,02 0,0074 0,(_4i' 0,0033

ICB...O._(nA)@VCB=-70V 0,69 "' . .0,68 . 0,01 ...... 0,028 0,,0_.... .0,002"_
ICES (nA) @ VCE ,=.50V 0,39 0,39 ..... 0 ' 0'00'771 0 ' _01 0 '_3

ICER (nA) @ VC=-50V, R= IK ..... 0'132' 0,32 0 0,0033 0,0091 .... -0,006
_IEBO-(nA)@,VEB=-5V .... 0,005' 0,017 ......'0,0'i2 '6' 0,o08 .o,oou
.VCES lmV).,.@IC =-10mA, IB=-5009.A "83 ' 85,38 -2,38 ..... 0,56'2.. 0,666 -0,!04
_VBES (mV) @ IC=-10mA, IB,=-5OOp.A., , .... 760,'3 ..... 765,78 .. -5A8 1,87 1.35 0,52..

' VBEON (m.V_)@ VCE=-5V, IC,=-5mA, 699168 703,2 -3,52 2,23 1,36 0,87
VBEO-N(mV) @ VCE=-5V, lC =-20mA 743, l '_ 745,9'3 ..... .2,83 ......2,02 1,33 0,69

_+HFE @VCB=-SV,IE-'-IOvA .... _ 216,,25 , 241,.8 ..... -25,55 4,7559 3.563 1,.1929'
I...t._F_.E_@ VCE=-5V_ IC=-500p,A 210,.4..... 234,4 -24 4,2227 . .3,4853 0,7374_
HFE @ VCE,=-5V.r IC=-10mA 197,43 218.95 .21,52 .....3,9651 _. 2,982 .0,9831

/, HFE@ VCE=-SV, IC=-20mA .... . . 185,1 205,35.... -20,25.. _, 3,4596... 2,7391 0,7205
lR _nLk_)@ VR = 55V 17 14 3 2,3 . .!,7 .... 0,_6_

'VF (mY) @ IF '=' lmA' " . - .620_95 i i 629.08 -8_,'_1-3 " 2,5'i' ... 2 . 0,51_
. _V..._@.!F .= 10mA __ 751,98 . 759,4.3 -7,45 .... 3._.,21__. 2,16 1,05

ICBO- (nA) @ VCB = -50V _ 0,79 0,78 0,01 0,004 0,022 -0,018
" _lcao (nA) @ VCB = -70V .i 0,77 0.77 0 0.0024........ 0,03 ..... -0,028'

lm ICES (na) @ VCE = .50V 0148"' 0,418 0 0,0029 0,02 -0,017
....ICER(nA)@ VC = .50V, R=iK -- , 0,38 0,39 -0,0i 0,016 0,022 - -0,006
..IEBO(nA)@,IVEB= -5V ........ 0,005 0,038 .0,0',33 , o , 0:023 -0,023
VCES (mV) @ IC = -lOmA, la=- 82,43 84,3 -1,87 0,922 0,377 0,545
500uA .................
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_2,W"AVE_OE AIq:DSTAQDAi_D':DEV-IXTi_:NOF POST 500 HOUR HTRB ELECTRICAL TEST DATA
'_ FOR M,50 (CONTINU,,ED)

i_i"_--_- _:_ :T_S T : ,, AVERAGE VALtiES ................... STANDARD DEViA'FION1, ,,, | , , , , ,1 ,,, : :--:::_1.: ...... :: -

. ........... :.........................Fr@ojll.........,D,IW ator........Delta .......Fruon . _..DI_Wator Dolta
VBES (mV)@ IC=-I0mA_IB=.500_A , 760,55 766,1 .5,55 ., 1,69 1,18 0,51

::vBEON _"V).__ V_CE _''_V, lC _ '_'_i_ ' .,_l ' ...... ,'_/99:53'.... ' "/03:3-_i.... :3:8,-'-',-_ 1,28,,,'.,, -0,9
VB_@ VCE =..5V, IC=,-20n'tA 742,78 746 ,.3,22 ...... 2 ....... 1,3.!......... 0,69. t

. !+HI_, @ VCB=-SV_ IE,_-!0/_A .... 230,5 . 253,4_. .2_:9 ........ 4,9!51. 3,5748 1,3,103
HFE @ VCE_-SV, IC_-500/_A 224,25 245,35 -21,I 3,9454 3,4985 0,4469

, . , , , ,, , ,t ,, ,i, ,,,i, ,,,! ,,,,,, , .,.11,,,

_HFE@VCE_..SV,IC_r!0mA .... 209!95.... 229........ -.19,05 . 3,4101 .........3,1119 0,2982
t._.,tFE_..yCE,,-,-SV IC,*,.20mA ._ 196,53 214,55 ...18,02 3,0485 ,: 2,9996 .... 0.,._89

ICBQ.(nA) @ VCB=20V 3,9 , , _ [ i , 0'8 l ()_53 _9:36 ............ 0117

_.IE.BO/nA) @ VEB*,,4.V .........34 _. 29.... . 5 43 27 16
ICERIii/@ ycEr.!3y,R.,,.,IK................... 3 ,. . 2:3...... 0,7........ 0,38..... 0_,-i4...... 0,2411
FIFE.@ VCE=SV, IC=ImA .............. 90,2,3 6.3,,_5..... 27,1.S,.5 .. 2!,28! ........ 6,2276 !,5.,.053

HFE @ VCE=SV, IC= lOmA _ 112,06 . 82.,14 29,92 23,465 .... 7,7372 15,728
lIFE @VCE=_y, IC._lO0mA .....80,625 62,77 17,855 14,404 "5,"1791' 9,2249
VCES./mV) @ lC = lOmA,!n= tmA ._. 140,5 .. 148,7 .8,2 . 4,76 3,05 1,71

..VBES (mY) @ IC=.!,O,mA.,_...IB=ImA 798,23 804,2 -5,.97 2,63 1,35 ' ..' 'i,28
VCES (mV) @ IC = lOOmA,IB= IonIA 443,73 _ 498i.68" -54,95 28,1'6 ' 15,5 12,66.....

_yBES _!V).@..!C=, lOOmA,IB= lOrrtA 1128 !!24A ....._.... 3,6 ........ 9,34 ........ 13,23 ....... ..3,89
VBEON (mV) @ VCE=SV0 IC=5mA ...... " 7.18,88.' 728,8 -9,92 4,24 3,09 1.:15

-X/BEoN(mV)@VCE=SV,,IC=20m A ,_ 773,18 .. , 784,95 .11,77 5,89 .... 3,55 2,34
!CBO (nA) @ VCB=-50V 0,67 0,66 _ 0:0.1 0,006' 0,0069 .0,0009

.:ICBO (nA) @ vcn.-,:70V . "" " ......... 0178 0,7:,7 . 0,01 0:03.,,l.... 0,034,1........ .,0.,.00,4
ICES InA),@,,VCE =-5.0V ..... 0,41 0,43 -0,02 0,013 0_0.17 -0,004

..!.CER(!'tA),,@ v.c -":5.0.v, R= IK ..... 0,35 0,3_ii'..'ii"' 0 0,01 0,.!)062 0,0038""
1_n__on...L..._.@VEB=-SV 0,OO5 0,005......... 0 ,, O,,, 0 0
._VCES(mY) @ IC =-.lO.n)A,.IB=-5.O01_A__._ 82,75 _ 85,g3.. -3,08 ..... 0,786 .... 0,406 0,38
VBES (mV) @ .IC=..-.,10mA,IB=-500_t_A , .760,,33 .... 7.66,18,_ -5,8_5 ...... 1,8.......... 1,21 0,59. , ,

VBEON (mV):.@VCE. -5V, IC---5mA 699,35 ...... 703,4 : -4,05 . 2,21.... 1,29. 0,92
,VBE0_N/mV_..@ VCE=-5V,:C_-20nlA ..... 742,7.. 746,28 ..... -3,58 .... !,96 . I,,2_6 , .0,7
1 +,lIFE @.VCB=-5V, IE=.IO#A 220,5 241,4 -20,9 3,9403 3,0157 0,9246
_HF_ VCE=-SV, IC=..50Q,_A 214,6 2.34,1 -19,5 3,5004 2,7891 0,7113
I-.IFE.__VCE=.5V, IC=-lOmh 201,04 218,8-5 -17,8! 3,2809 . ..........2,51.89 0,762
HFE @ VCE=-SV, IC=-20mA "........ 188:.1,1 205,23 .17,09 .... 2,8572 2,3631 0,..4941
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........ TABLE A33i_MiNIMUM AI_IEJ'MAXIMUM vALU*Es OF ELECI'i_iCAI_TES'I'DATA FOR M:50 AT-5'5°C__._.
,' MINIMUMVALUE MAXIMUM VALUE

t*,,J ., _. ..................... ..u,..... _J ,, , .

..... .,,Freoq....... DI Wat0r..... ,__Dolta Freo_! . Di Wator I' "D01(ili"".i
_!F.__ 1_..___,......... .,.,_,.... _ 775,5 ., 773......... 2._5 788,5 . 791,5 -_ .3
, VF (mV)@ IF = lOmA 870 866 4 883,5 884,5 -1

, I+HFE@VCra=..SV,,.m=.i0j_A.....' ....'.'.*-- '1i;1',2'.....i.... i_,3,3,9.... '-16,7 151,9 146,4........ 5,5,.i- :: :1 i i t| i .__ Hai t

....HI_E@ VCE=.SV, .IC_-SmA 121,4 126:.,3 -4,9 ....... 1...!.!,6 137,7........ :26,1
H_:@VCE=,-SV, IC=,,20mA ..' " " 98',i_ ' ' tlo,3 ':[1,5 113,4 ..... !26., ;!,2,6

, V.BEON(mV)_@VCE=.SV, iC-.'-SmA............ 'i' 84_1'5 ..... 84'2....... ; i,5 : _ ...... 848 848,5 .,0,5i ,11 i i i,i : . thr J , i

VBEON (my) @VCE=-SV)IC,,=,20mA 792 ' 797 ..... -5 .. 880,5 878,5 2
HFE @ ycE=._v, IC,,.,SmA ............ ,. _ 35,1 35,3 ...0,,2 .... 6,3,6.... 56,4 ,, ,,,...7,_-
HFE @ VCE-SV, IC=,20rnA ............ 36 35,8 0,2 62,5 56,2 ... 6,3
VBEON../.n,)V)@,VCE..ysv,,IC,=sm A ..... 864 , 862 ....... 2 ........ 8.73,5 .,. 876 -2,5

..VBE,ON (my) @ VC_E,=SV,.IC-'20mA__ 911 911 0 928 928,'5......... .0,5"
1 +_H_VCB.=-SV_ IE_A _ 106.7 ...... 127,.4_ __'.2'0,7 .... . i64,5 ..... 158,7 -....'._',8
,HFE@ VCE,...-SV, IC,-,-SmA 106,8 .119,9 .. ,13,! 116,4 130,9 .14,5

HFE@ VCE=.5V11C,==.20mA . - " ,. 1_,4 112,3 .11,9 109,1 122,2 '-[3,1vBEoN lmVm.y.)__.qdCE.5v, IC'--5mA. -.'_' 843 .. 842 .... 'i"'_ 848,5 . 849 .....__ -0,5.
875,5 874,5 1 881 881 0VBEON/mV),,@ VCE=.Sy,IC,-,.20mA ............... ', ,i, ,,,

VF (mY) @ IF = lmA 779,5 779 0,5 788,5 ... 790 -1,5

VF (!!_V)@ IF.=, lOmA 873,.5 . 872 ....... 1,5 883,5 884,5 -1.,-.-,, ,, i, ,i, ,. .,, , ,,, 1,,, ,, , ,

.I...HI_'I3,@VCB= 5V , IE=zIOuA .... 119,[..... 134,5 -15,4 213 _ 186,7 26,3
HFE _VCE._..rS..V..t.IC='SmA ...... I........ 111,6 127,1 ....,. .15,5.. ...... 212, 7 ,.. 140,1 ,. .18,4.
HF.E@VCE=-5V , IC.=..20m...A,............... 1_.:7 ...... 11,8,8 ...... .14,1 113.,9.,... .,. 130,8 _!.6.,9

._VBEONQI1V)__@VC_,=-SV., IC,'--SmA . 843 842 .... 1..... 848 .. 848,5 . -0,5
VBEON(mV) @.VCF_/.=-5V,IC-',-20mA 875,5 874,5 t 881 881 0
.FIFE@.VCE=SV , IC=5mA ' .... 3.5,8 ....... 57',_.'" -21,4.. 7_.',4' .. 35,8 ..... 3.6,.6

HF'...E@.VCE=SV IC=20mA 36,1.... 35,8 .......0,3 70,2 .,. 56,7 .... !.3,5
.VBEO N (mV).@ VC.E,-.SV, IC=5ntA ,.,861,5 864...... -2,5 873,5 876 ,, .-2,5

VBEON (mV)' @.VCE=5 V, !C-,20mA ..... 907,5 913,5 _ -6 931 928,5 ., .2,5 ..
!.H_FE @VCB=,-5V,..!E=-IO#A 113,9 99,5 14',4 i73,6 - 216 -42,4
HFE _VCE=-SV, IC=-5mA ..... .., i07',6 ' ., 1.20,2 "' -12,6 .'.'*11!..6,1 . 132,6 -16,5
HFE @ VcE=-5 V, IC=.20mA ....... !01 ... 1.12,6 .11,6 !0.8,7 , .. 123,9 .15,2
VBEON(x_V).@VCE=.,5 V, IC=-5mA 843 842 1 8...4..7,5,_ 848,5 -1
VBEON (mY) @ VCE=-5V ) IC=-20mA '875,5 ..... 875 0,5 880 .........' 8'8'1 ' -1
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TABLE A34:AVERAGE AND STANDARD DEVIATION OF ELECTRICAL TEST DA'rA.FORM-50AT -550C
...... ,TEST AVERAGE V.ALUES STANDARD DEVIATION .....
.... ........ '........ ............. Froon DI Water Dolta "' Froon .... DI Wator Dolta

VF._nV) @:IF _'"l'l_l/k.... .... , 782,88 784;02 -1,14 2,39 2,84 ..0,45
VF(mV) @ iF = i0rnA .............. 87,7138 ..............878,77 -'1,39 ' ' 2,76' 3,04 ' -0,25

-_..[+HFE @vcB=-5V', IE='-I0_A ...... ,"124139 .i'_' !40,73. :'i6,34. " ,4,79 ..... 2:.)'_.' ' 2_65' t
I-!FE.@VCE'=-.5V,IC.'=-5mA,........... 116 69...... 132,75 ......... ..!6,06 , ,, 2,65, 2,01 0,64

-I.:[FE @ VCE=.SVt IC=.,20rttA 104,38 117,41 -13,03 3,73 3,81 -0,08_
VBEON L@vc,, =4V,IC,-,:5,//A'_ 845,8 i S.44.81..... ,11,o8'. 1,3'1....', 1.35 -o.04 ,.
VBEON (mY)@ VCE_-SV, IC=-20mA, 852,7 .......851,86 0,84 .......24,16.... 20,01 4,15....

-H__._ @VCE,-,,SV, IC=SmA 43,9 47,83 .3,93 7,99 5,64 2,35
HFE @ VCE.-SV, IC=20mA-......... 4319 47,99 '.,4,09 ..... 7,54 .... 5,44 2,'10

"VBEoN(my) @.VCE=SV, lC_5,t,_ ........... 8,69,8.1 867,74 .2,0_]. .... .2,65 '' .... 3,32 -0,67
V___BEQN/mY)..@VCE=5Vt.. !C=20mA 922,37__,- ..... 919,:2 ....... 3,17 4,79., 4,49 0,_3

t+HFE @VCB'_-5V, m=-IOFA ..... 119,28 133,27 -13,99 9,37 4,40 4,97__, ......... ,, i l i, , ,, ,,, ,,, , , ,,,, i, ,,,, i ,,,

HFE @ VCE_-SV, IC=-5mA 110,79 125,36 -14,57 2,19 2,32 -0,13
"FIFE @.V,C'E=-5V, iC,=.2omA ...... 103,85 ..... 117,.25',, ...13, 4 " . .' 1,95 ''.. 2,12 • .o,17......

VBEON (mV) @ VCE=-5V_ IC'=-5mA ' 845,9 .... 844,88 t,02 1,26 1,42 -0,16
VBEON.(mV),@ vcE=-5v, IC"='-20mA' 878,3,5 877,19 'i,16 ........ 1,15 -. i,3'5 -0,2
VF (mV) @ IF = lmA 783,6 784,53 -0,93 2,08 2,31 -0,23.

VF (mV),@ IF = lOmA ............. 878,77 ' 879,69.... .0,92 2,38 2,56 -0,18
.!+HFE.@VCB=.5V, IE-,.lo_A .... 126,3 ....... !4'1',J9 ,, -15,09 '" 11,83 '. ii ':/,26 4_,57
HFE @VCE=.-5V)!C=-5tnA .... 117,49 . ,1,32,13 -t4,64 2,48 ..... 2:35 0,13
HFE @ .vcE,=.5v) .!c =-20mA . 110,03 123,43 -!3,4 .... 2,25.. 2,14 _Q,II
VBEON (mV) @.VCE=-5V, IC,-"-SmA ' 845,64 "'" 844,75 ,I 0,8.9.... 1,3 1,42 -0,12
VBE'0N (mV),.@VCE=-5V, IC=-20mA 878 877,03 0,97 1,25 1,34 -0,09
HFE@VCE=5V, IC=5mA _ ..... . 55,06 41,67 13,39 11,12 " 5127 5,85
HFE @ VCE=5Vt IC=20mA 54,30 41,89 12,41 10,39 5,14 5,25
VBEON/mV) @ VCE=SV, IC""-'5mA ' _ 866,7 .... 870,85"" . .4,15 .3 38 '" 2,91 0,_'I'
VBEON (,uV) @ VCE=5V, IC=20mA 916,78 923,12 .6,34 ,6,29 3,68 2,61
I+HFE @VCB'-,-SV, IE=-IO/_A ........... 121,9 134,24, ._ '12,34 8,92 ....12,53 -3,61
HFE @ VCE=-5V r,IC=-5mA 112,38 125.6 -13,22 1,89 2.11 .0,23

H-FE @ VCE=-5V, IC=-20mA _ . 105,i8 '117,45 -12,27 ' 1,6'81.... 7,94 -0,26
VBEON(mX()@ VCE=-5V, IC=-5mm 845,55 844,84 , , 0,.7:1 , 1,3 t,4 -O,I
VBEON (mV'}_ VCE=-5V_ IC=-20mA .....877,'99 877,21 .0,'18 . '!,.18 1,28 -0,1
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TABLE A35: MINIMUM/(ND MAXIMUM VALUESOF ELECTRICAL TEST DATAFOR M'50 AT 100*C

................ "PEST ' ....... ,,',, '' , '"',' ',,Mi'N!MUM VAL,,,u,I_S ...... MAxIMuM V'A'LUES

.................... . ..... , Frc)on - DI,Watar IJ._)lta 'Fr_dn ..........DI Water Delta
i2R(gA)@ itR,.,='55V ............. 6,5.5 ...... 7 56., , .,1,Ol.......... 11,3 ,.. 11,8 _, .0,5
VF (mV) @ IF = ln_.. ' ., 4Ol,5 , 400,5 1............ 4.!,5:5...... 414 1,5

" VF (m.v.)@ IF.= IONIA .......... 572 .. 567. .'".i 5 ....... 586 .. 5i_515..... 0,5 ,
,_I,CBO(,nA).,,,@V,CB=-50V , ,,, 17 19 -2 82 3t 51,,,, .. .... ,

._ !CER (nA) @ VCE =..,50..it..,.R=,IK ....... 24 . .24 ..... ... , 0 ....... 98 ....... .40 ....... 38
.IE.BO (nA) @ VEB =, -4V 3,3 1,3 2 12 7,2 4,8

i-!.!FE _..VCE=: SV, 'IC=-SmA .... ... . 325 I ........ 360...... .'35''l,........ 347 ..... 373 , , '" -26
EIFE@ VCE=-SV, IC=-20mA' ,., 287,! .... 3i'5..... . ,.28..... 305" 326 .21
.V.BEON(my) @ .VCE=-5Vt !C=-SmA 504,5 503 1,5 514 ...... 508 6,, , ,, ,, , _ ., , ,, , ,,, , , t ,

VBEON i.mV)@ VCE=-SV, IC=-20mA 562,5 560,5 2 571,5 566 5,5
_!.CER (nA) @.VCE=.L3V, R=iK .,, 1220.... ii30 ...... 90" ,. . 33:/0' " 2820 500

IEBO (nA) @ VEB=,4V ' 120 .... !18.... 2 ...... 648' , 380 268

'HFE@ VCE=5V, I'i_'---,5inA........... 110,9 114,7 -3,8 229 I '193,1 35,9
"HFE.@ y CE=.'5V; IC=20mA i14'1'3' 116,6 -2,3. ". .... 2.!'6...... '..... .!).6 - i" 30

VBEON (mV).@ VCE=5'V_.£iC=5mA......... 522,5 , 520,5 .2 ....... 539,5 539 0,5
VBEON (mV) @ VCE=5V, IC=20mA .... 586,5 587 -0,5 608,5 , 607'15 ...... ,.,,1

"y'CES (mY) @.IC = lOmA, IB= lmA ........ 156 ' ' i6t,5 -5,5 175,5 179"1'5 -4
,ICBO .(nA),@ VCB=-50V 22 ,, 19 3 .... 93 .... 52 . 4t
!,CER(nA)@VC=-S0V,R,,=,IK' 27 23 4 322 166 156
.,_BO (nA) @ VEB=-4V " 2,4 1,6 ....... 0,8 9,4 4,9 .... i.... 415

_HF.._E@VCE=.-5V,..'i_=-Sn.tA ' *'..._ 315 351 -36 ..... 33.6 366 . -30
HI:rE@ VCE--,-5V,. !.C,=-20mA 278 308.... ..30........... 296 3...2.0.... .24

"VBEON (mV) @ vCE=-5v, IC=-5m,_ 5ij4,.5 ....... 502 ..... 2,5 514 508,5 ..... 5,5
VBEON (mV)..@....yCE=-5V,IC=-20mA 563 560,5 2,5 571,5 566,5 5..... , ......... _ .....

!..lR(/,(A)@ VR = 55V ......... 6,2 7,41 ...... -1,21 24,1 1.!._.,8 ... !2,3
......VF(mV) @.iF.= imA 407 404,5..... 2,5 '417,5 41.4..... 3,5

VF (mY) @ IF = t0mA 577,5 572,5 5 588,5 586 2,5,,, ...... , , ,,, ,, ',., ,, , ........

...I..CBO(nA) @ VCB=-50V 20 18 2 57 , .30 ...... 27
ICER(nA) @ VCE =.,50V, R=IK .... 27 22 .... 5 - 101..... 41 60
IEBO(nA) @ VEB = -4V 3,6 2 1,6 14 "7,2 6,8
HFE @ VCE='5V, lC -5mA .... 324 359 ......" -35'"', "' 348 375 .. -27
"_I_FE@ VCE=..-5V, !C=-20mA 286 315 -29 305 328 -23
VBEON (mV) @ VCE=-SV_ IC=-5mA' '" 504_5 , 502 2,5 '." 515...... 508,5' 6,5

'.._VBEON(mV) @,VCE- -5V, IC=.20mA 562,5 560,5 2 572 566,5 5,5
..ICER(nA) @ VCE..=.!3V,R=IK 832 .... 1130 " .298 I 1580 1510 70
IEBO (ttA) @ VEB'-,4V ' ' 112 ...... 117 -5 " ' 536 373 ..... [63
HFE'@ VCE£5V, IC=5mA ...... .1.i'6,8 " j. 117,9' .'..'."..'1,1' 269 ' 199,6 69,4,..........

HFE @ VCE=5V r !C=20mA 119,2 120 -0,8 247 193,1 53,9
VBEON (mV) @ VCE=5V, IC=5mA 518 ....521.5 -3,5 538 '" 538,5 '-'0,5

'-_/BEON {mV). @ VCE=SV, IC=20mA 581,5 .... 587 -5,5 606,5 607,5 ..1
VCES {mV)@ IC = 10mA, IB= lmA 152 161,5 '9,5 '" 175.5 , 179 -3,5'

¢ ICBO (nA) @ VCB=-50V .... 23 18 ..... 5 61 35 26-i'_'CER(nA) @".VC=-50v, R= 1K ...... 3'6 ' 23 .... 7 78 46 .... 32
.IEBO (nA) @ .VEB=-4V 3,6 1,5..'I .. 2,1 ..I 10 '6,4 ..... 3,6

. HFE @ VCE=-SV, iC=-5mA 316 352 -36 337 371 -34, , _,....... .

HFE @.VCE=-5V, IC =-20mA 279 309 -30 295 324 ........ --29
VBEON (mV) @ VCE=-5V, IC=-5mA .... 504,5 ] 502 2,5 "512,5 ' 5Q,,8,5 ...... 4

,,IVBEON(mV) @ VCE=-5V, IC=-20mA 562,5 ! 560,5 2 570,5 56,6,5 4
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TABLE A36: AVERAGE AND STANDARD DEVIATION OF ELECTRICAL TEST DATA FOR M-50 AT 100*C
, _ ....... ,, , , .......

TEST AVERAGE VALUES STA NDARD DEVIATION
Freon DI Water Delta'* ' Freon DI Water Delta

iR (/_,A)@,,,VR = 55V 9.02 10.1 -1,08 0,993" 1.0i -0,017
yF (mY)@ IF = lmA 410,48 409.9'8 0,5 2.48 2.75 -0,27 _.
yF (mY) @ IF = 10mA 580.23 580.94 -0.71 2.99 3,5' -0,51
ICBO (nA) @ VCB = -50V 30 23 7 9,5 2.4 7,1
ICER (nA),@ VCE = -50V,, R=IK 40 28 ,,_ 12 ..... 13 2.9_ 10,1 r
IEBO (ttA) @ VEB = -4V 5,,5 3,8 1,7 1.6 0,72 0,88
HFE @ VCE-----5V, IC=-5mA 335.37 368,69 -33,32 6.75 2,81 3,94

HFE@VCE=-5V,IC=-20mA 295.28 322.54...... -27.26 5,49 2.15 3,34

VBEON (mV) @ VCE=-5 V, IC=-5mA 508.77 506.48 2.29 1.75 1,39 ,0.36,
VBEON (mV) @ VCE=-5v, IC=-20mA 566.,_3 .....564.16 2,27 1.62 1.22 0,4

,ICER (nA) @ VCE= 13V, R= 1K 1500 1380 120 257 279 -22
_,IEBO (ttA) @ VEB=4V 175 143 .... 32 85 43 .... 42

HFE @ VCE=5V, IC=5mA 147,64 159.85 -12.21 32.92 20.76 12,16
HFE @ VCE=5V, IC=20mA ' 146,:,2 ' 158.59 -12,39 28,56 18.55 10,01

531.78 527.63 4,15 3.49 4,5 ! -I ,02

VBEON (mV) @ VCE=5V, IC---'5mA [ 599._.8 594.27 5,01 5.22 5,2,3 -0,'0!VBEON (mV) @ VCE=5V, IC=20mA

VCES (mV) @, lC = 10mA, IB= ].mA ..... 168.28 166,55 ......... 1,73 5.07 5,_1 -0,03
ICBO (nA) @ VCB=-50V 36 23 13 11 4,6 6.4

ICER (rrA) @ VC =-50V, 1_= 1K 52, 33 19 42 21 21
IEBO (nA) @ VEB=-4V 6 3.8 2,2 1,5 0.71 0,79

HFE@ VCE.-'=-5V, IC=-5mA 324.4'2 358,33 -3'3,91 6.28 3,97 2.31
HFE @ VCE=-5V, IC=-20rm'_ ' ' 286,08 313,81 -27,73 4.99 ' 3.i;7 1,82

I'__VBEON(mV) @ VCE=-5V, IC=-5mA 508184 506,45 2,39 1.73 1,43 0,3
VBEON (mV) @ VCE=-5V, IC=-20mA 566.45 _ 564.2 2,2.5 1.61 1,22 0139
IR (_A) @ VR = 55V 9.55 9,5 0,05 2.59 1,03 1,56

.VF (mV) @ IF = lmA ....... 410.84 411,53 -0,69 1,97 ..... 2.1 -0.13
VF (mV) @,,IF = 10mA 581.73 582.63 -0,9 2.23 2.42 -0,19

:::ICBO (nA) @ VCB=-50V 31 23 8 7,3 _ 2.2 5,1
ICER(nA) @ VCE =-50VI'R= 1K 42 '-28 14 12 ...... 3.,6 ,8,4,
IEBO (nA,) @ VEB = -4V 6 4 2 1,7 0.7_4 0,96
HFE 2) VCE=-5V, IC=-SmA 338.3 367,89 -29,59 6,.,37 3,12 3,25
HFE @ VCE=-5V, IC=-20mA 297.77 322 -24.23 5,17 2,52 2,65., , ,

VBEON (rnV) @ VCE=-5V, IC=-5mA 508,39 506.54 1.85 1.71 1.5 0.21

_VBEON (mV) @ VCE=-5V, IC =-20mA ..... 566.09, 564.19 1.9 1.63 1. !9 0,41
_ICER (nA) @ VCE= 13V, R= 1K 1340 1320 20 211 82 129

_.._._.B_nA) @ VEB=4V 185 161 24 87 52 .... 35,
HFE @ VCE=5V, IC=5mA 194,37 137.55 56,82 46.34 20,01 26.33

HFE @ VC:_,-5 V, IC=20mA 185.97 137,9 48,07 39r35 17.98 21,37
_'VBEON imV) @ VCE=5V, IC=5mA 527.72 533.13 -5.41 4.8 4..4.6 0.34

V---BEON(mV) @ VCE=5 V, IC=20mA 593.38 600.73 -7.35 6.8 5.14 1.66
_VCES (mV) @ IC = 10mA, I13= lmA 159.39 173.15 -13.76 5.2 4.7...5 0.45

I.___CB_OInA) @ VCB=-50V 38 23 15 7.4 3 4.4 ,,t
ICER (nA)@ VC=-50V, R= 1K 50 29 ..... 21 10 3.8 6.2_

° ,,IEBO (nA) @ VEB=-4V 6.7 3.9 , 2,8 .......... 1,5 1,1 0,4
HFE @ VCE=-5V, IC=-5mA 329.82 358.74 ,-28.92 4.88 3.34 1.54 "

-_ HFE @ VCE=-5V, IC=-20mA 290.17 314.11 .-23.94 3.86 2.74 1,12

| LVBEON (mV) @ VCE=-5V, IC=-5mA 508.18 506.48 1.;7 1.6 -- 1.4 0.2
"_BEON (mV) @ VCE=-5V, IC=-20mA 565.97 564.34 1.63 1.51 1.19 0,32

._
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