JAERI-M
89-207

NTZYORIDy BREUEFRRIRGTR R
— R R R DR R

1989%12H

FREOBdE - BN OEAN - FRE O OESR
BB HBW.RH EE

A & E F Hh W %
Japan Atomic Energy Research Institute



JAERI-M v fi— 1 it, HEBEFHFERAIAFAESCAT L TORFEREETT,
AFORE& L, FRET ORI ERBHERERE (T 11RBEH IR EH)
HT, BBLILLIKLZSw, b, ZOEPCHEAEAETHLASER - 7 — (T9-11355
R AR AT B AR TR RATA) TSI LA EBRR B4~ TH0 27,

JAERI-M reports are 1ssued uregularly.

Inquiries about availability of the reports should be addressed to Information Division, Department
of Technical Information, Japan Atomic Energy Research Institute, Tokai-mura, Naka—gun,
Ibaraki-ken 319-11, Japan.

© Japan Atomic Fnergy Research Institute, 1989

i AT H A& R’ T 5%
EN il B i E e Rttt



JAERI-M 89-207

FEVUVRADrBRERUVETEHERAESE
—HERRUBHEED 1R -

H AR F28F 2187 & 5 7F 25 A R 5 80
BRSO BN O EAFE #S
HE #FW.XE EE

(1989 F11 A 13H )

ALHEPRFFHALOKSERBE T TER SO 2 FlEAS T OMKUEEY OFMicE
ALY, RENFEFRFICLOVT, REHBEEXSZOBER, BRERRUY 24 » F
YRR EDBIFEICRE I EEESRH L, O EERREFIESMELERE R 1
FUrrOBETEBAPNP NI E -5 V2% (2SB603), EEERA » F ¥
SOSABBBRANPN AL #5302 45 (285CT64) BRUNF v v 2517
~MOSP7r¥249 (2SK458) Thsbd, BHEHI CorBRUBTHRICLY, BGEXR
108 ~10° R/ h ,BEHBOEES 40~ 100°COBAEATIT 7. TOERE, O T &HHE
ST - fo,

1) 28B603 EREBERVBILEARAIBHEEFROINEAAKEL, BELRE

BERFE»E o, BEREBREOE(MEIFCN - BEHOEMICE
K3 b, #AMBRMERKUVRNET ORERREU L RTH, 24
g F Y U RD bRV, ”
(2} 2S5CT764 | EXFHEOBESRCH T 2HBREEERCEERKEERED ON
3, Fh, MMHREEEE 2 SBE03IENT 2HE LTV,
(@) 25 K458 ! EXHECHE MR ICH T 2MBERAEN R UBREREE IO,
M rRREBFTEHBFOUE LSO TE, 2SS B03RETHED AN DN, &
BEEYREEZIOCNEERDPEA SN DD, 28 CT64KF2 SKA8I >0 TIRT
NODEEBRED LI O,

RIRBTFIAT T 370 - 12 ERESRTREE 1233
r HEESHAStt A ~—2 « L —FAEHFES



JAERI-M 89-207

Irradiation Effect of Transistor by Co-60 Gamma rays and Electron Beams

-Effects of Exposure Rate and Temperature-—
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% %
Hideaki KAIGA and Masanobu YATA

Department of Development
Takasaki Radiation Chemistry Research Establishment
Japan Atomic Energy Research Institute

Watanuki-cho, Takasaki-shi, Gunma-ken

(Received November 13, 1989)

In order to evaluate radiation resistance of semiconductor devices
which are used in radiation environments of artificial satellites and
nuclear power plants, effects of radiation on the DC gain, leak current
and switching time of typical transistor devices were investigated. Tested
devices are PNP bi-polar transistor(25B603), NPN bi-polar transistor(2SC764)
and power MOS transistor (25K458).

Irradiation were carried out by Cobalt-60 gamma rays and electron
beams of 1 and 2 MeV at exposure rates ranging from 102 to 106R/h, and
at temperature ranging from -40°C to 100°C. The following results were
obtained.

(1) 2SB603 : Changes of the DC gain and leak current are larger in low
exposure rate irradiations, and large exposure rate dependency is
observed. The DC gain change is based on mainly increase of the base
current. The exposure rate dependency is observed in the reverse
saturation current and voltage, but in the switching time.

(2) 28C764 : The exposure rate and temperature dependencies on
irradiation effect are not clear, and the radiation resistance is over

two orders higher than 2SB603 in the various properties.

* Space and Communications Development Division, NEC Corporation
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(3) 28K458 : The exposure rate and temperature dependencies on
irradiation effect are small. '

(4) Irradiation effect on 28B603 by electron beams is smaller than that
by gamma-rays, and the exposure rate effect is observed. No
difference between electron beams and gamma rays is observed for

25C764 and 2SK458.

Keywards : Irradiation Effect, Bi-polar Transistor, Power MOS Transistor
Co-60 Gamma Ray, Electron Beam, DC Current Gain, Leak Current,

Threshold Voltage, Temperature Effect



JAERI-M 89-207

T
2. FIUVIRIBHERBICED B TFHMAIBRIT _
2.1 5 L L e PPN
D B e
2. 2.1 B e e
2.2.0 BHEEUBRILE o S SO L SN
zzgxwﬁ ......................................................................................................
2.3 EEREEBL L SEEE L e
2.3. 1 FI U RAYOBESEMEOHNTEREBERUERM
2.3.2 BEBEOLFS VU2 FOEIEMOEEETAL o
204 FHEZRER D E L BD oot e e
3. FPIVIURIDEGBEMICES T BHEERIMEIENE
31 o 3
32 %gﬁ ............................................................................................................
321 EEIRERUHIMLEE SR AU X
R - B G N = B
3.2.8 BT e e et e e eaas
8.8 BHEREEEL L GEBL o
331 2S5SB603 (PNP) r7vozsDy BRBESBE e
3.3.2 28C764 (NPN) Vo vozsmyHBBEEHE
3.33 285K458 (W7 -MOS) F7 v YVRIDyHFEBEHFT oo
3.3 4 I*ﬁ'Vi?‘X&@%-‘?ﬁtrﬁ@ﬁﬁﬂa‘éﬁ}%@ktﬁ‘ .......................................

R U OBESRICKRTTEREORERE
4.1 E’E&] ............................................................................................................
- <4 - e
A, 201 FREl
4.2.9 ARIETL UEMBEE T o v rreerer e ettt
42,8 FUTE v i e
4.3 FHEERFEHRLEE e e
431 NAF-F Iy IR OBRHECRETHREEEORE
4.3.2 MOS 7 v Y25 DBXAFELRISTHAEEDOEZE oo
R~ T T T P
:§|[:ﬁxﬁiﬁ ..................................................................................................................

B o W W N BN NN DD

25



JAERI-M 89-207

Ly N NN NN

Contents
1. Introduction +iveieeeeeeneen Cree e thaaisrarensarrsnenas e
2. Preliminary studies of Transistor Irradiation TeSt ........eve.. .

2.1 Purpose ....iieceenenn.. e mreraaaaa Cheeeanaa e e et .

2.2 Experimentals ........... Cerssesanaa Cere st et Ceeerseaa cenen
2.2.1 Samples ..iviiviireeniaennan ferer e Ceeeeaeaa Cerrareareana
2.2.2 Irradiation and Heat Treatment ....eeeeeeeeceesnn e el
2.2.3 Measurements ..... e rara e Cesreessenans e senarssas e

2.3 Results and DiSCUSSION vruevrvnvnnnrseanans Ch e e s rsnasas
2.3.1 Measurement Condition and Reproducibilty in Electrical

Properties of Transistor ....... t et et s r e e e e s e et 3

2.3.2 Changes of Electrical Properties of Transistor
with elapsed time after Irradiation ............ frebeaaearae . 4
2.4 Summaries of Preliminary studies ............. Cesiasias e e 4
3. Dose Rate Dependence on Electrical Properties of Transistor ......... 75

3.1 PUTPOSE vvvnennennserna Pee e Ceree e b e e eaaine e e 25

3.2 Experimentals ......... C et et e ree ettt e e a e 25
3.2.1 Samples and Pre-conditioning of Samples ...vseevusveenn.. eenen 25
3.2.2 Irradiation Source and Method ........ Cer e iae e seveas 25
3.2.3 MeasSurements .....eeecana.. e e rae e et et s ea e 27

3.3 Results and Discussion .......... Ch e Cersa e Ceeaaseraenn 27

3.3.1 Effect of Gamma ray Irradiation on 2SB603(PNP) Transistor .... 27
3.3.2 Effect of Gamma ray Irradiation on 2SC764(NPN) Transistor .... 32
3.3.3 Effect of Gamma ray ITrradiation on 2SK458(Power MOS)

Transistor .......... et ar e e e e tereee e ceeeas 33

3.3.4 Comparison of Gamma rays with Electron beams on the radiatiom

effect of Transistor ......... e e sttt Pens e .+ 35

4. Effect of Irradiation Temperature on Transistor ....... Geee st 108
4.1 PUTPOSE vevrnerveevnennnvennen et et e et e e 108
4.2 Experimentals ..... rsrreaes Certeree e Crrr e Ceeeeaaaas «-.s 108
4.2.1 Samples ........uuan. Teeaaes Ceireee e, e P 108
4.2.2 TIrradiation Source and Method ......... e 108
4.2.3 Measurements ......e.v... e, e N 108

4.3 Results and Discussion ...eeveeeennen. ettt et s et e 109



JAERI-M 89-207

4.3.1 Effect of Irradiation Temperature on Electrical
Properties of Bi-polar TransisStor ....veveeeenn.. crrrsssaas vese 109
4.3.2 Effect of Irradiation Temperature on Electrical

Properties of MOS Transistor .

.......... Ceereeeareeaasirassans 110
5. Conclusion coviveeeerennn et er st Pt iees et 126
Reference .............. Cereeeeaaa Ceeee s ser e a e Cerraraan 127



JAERI-M 88-207

1. =

RrAMGko@ERxR, KBMESR, 4, ALBELZSCET, ¥EEKETEMAL M
EOBEFHE - MaP KECEAENAXIICR - TE, ThOOERBICSO THETHKE
-WEAEERT ACH - THE, ﬁ%ﬁV%TC%Uéiﬂb®¢§¢$f®%@®”ﬁ%+
SICBELTCELENS L,

HEAET N 2 OHBAEEICET AMARRE LB TBATH D, fizFchons
NAZOM B EEABREE LT, §CIKMIL~-STD-— 883 B, Method 1019 H&mab
o LOBBEIRNEREFBET NI 2OBEHEOELLZOHELEFEML TS, L
PL, TRNOoDKARFMCHLBNERIT LD THL, BB, BHEHERE, ~1 7254%CHE
MCKETACLEBHOO T ARYNY L 20k, FHBEBCELLEEERT (4 20 RE
FlEHOohicgT s &L bic, BESILOFEREZBBIT L2 EANELEZ NS,

FEERT A 2D BEHEECBET MR EE LT, 754 2 & L TORRN 45 % i
ATOAPEECHMALLIBEDEFVEAREGR L 2 0RMNERESREBA L5 &, E
BMEERENTOZREEFT 4 2ER/H L THART AT EMNH 2, JiZREBEF AL 20
AL 2Z MO EZORRNABHAL L THADIEHLHTHEATH B, ©FrEBLE
BrEsnTo 2P EERT A 2B A28 S FRUEBE LS COBAOB R GEL R &
BONL2EBO>HLOEREEHOBIREELS L, EHREFCHECH2EBEFT M 20 H
BEMREGZBCTERVLOLLANKL S, Bon-ERODLLHFLLERE RV
THROLOEBNUMEREL T I EbTES,

KT, THODTEALEEL T, ERCEAZIN TV E2ETTHSAD, B H~N{HE
OREREFCOOCTHFEROBRDREZHFAA L2, —H, BFIHBOHBESYALBES T
FEHARTCEBCERNENAIEERT -BIKI0 ~10°R W Th b, BEORBRLEREY
THLHI~IRMICHRTHEELEBO, COIHIBECEERTR 7= - VRO bR —
REECER T LERBRERBICH N TYEEEF AL 2DFEBDRBBEFELGND, T
DT EE, ARPERERC ST LEOEFEREHO I BEBR T M 20FEGHE(R
HCLEERBRLTED, EALEHLOTHATH 5.

AR TH, +I7 PR sORBRHEHEEBT 2BELEYROFMAsRE S EEHEL T, o~
AR - b7 925, MOS 7 P29 3EALED, “Co— 7 BEHICXL HHER
bNLERALSLOEREOBREREEH 4T, BEF TR ~10°R/ 1 F T HH
Kbl - TEAIE o, BEFREEEOMC, RESOCREEREYE, B8 s BOoREHRE
ODHEB BT L, Tho0ERICEY, Ak b5y 227/ OBEBRHE, BEKEESR
REZHOHILT AT EMTEL,

LE, AR EHEMEIET A 1 0H»oB662E3 BE3lgo#lics e, HERET IR,
SR EBEER (R, A-%x« V- ¥YEEMEERBLOXFMEE L TiTHbiLi
LOTH B,



JAERI-M 89-207

2. NI U AABHERARICEIT B TFHNES

21 H 9

PO YA ODREIROEREZEHI L -T, BRIy IVarsoBtoREo BE
PR EIBL CFH B 2T £9, BHENECOMTII v VR 4 OFEicH 0 T
FA—OREET->T, E—CHEEESBENE0ESd, T, BN CHEEBRELLaE 5
NECKﬁHLt%A.7——W%K£ék%&%ﬁ£k®awctm&%%ﬁmC% LT
BAKENS B,

FETHE, HEEBRZTOFCTFRNIRF &L CHERDEZORB LAV 0 L 60—
ODr7yyayEROT, QREMOERE, QBRI 2 Y27 OBSHAESE, ORKER
MEEL TOBMENE, ORFEOBIBEUHOBBELC DO TR ET- 1,

22 = B

2.2.1 #H¥

SAR=FbF YA ELT, 2SB603 (PNP), 2SC 754 (NPN) Rtpg —
MOSEPFZYY28 L T28K458 (BLEWTRNHNECH) K10y EHit, C16 (1
BT sEBERNRRUCBHERE ﬁ%®%ﬁKEW5bj//z§&H~§®%®T%@ %b
TYVRSOREOFMIEIFEIEIERT 5,

2.2.2 WHERUsNE

FI Y YR OMBE, SREFHHEFDBHER Co 2HES BREICT, 28 B 603,
25CT76411x 10°R/h T3x 10°RKRT 1x 10°R h T1x10°R, 2 S K 4584 3x 10°R/
hT3x 10'R&T 1x 10°R h T1x I0°REH L7, &F7 v Y25 OBIBHOREL/ILO
MR, REERC 4 7 2 H KU, BRECREEIC (7 2AARUEOMA LR D515
SEHITOVTIT /e, ., FPIUVIURVODOVIEREHARTSHLLHORMMEL L T, 100
°C, 3SHMORMEEBE L,

2.2.3 HIE

BERPLEAEER ST A - s FEFEE (YHP 4145 A) s —vrwavia—-4 (YH
P216) 2#lagbeicyz7LotH0, HEC, BESYOERBEGE CiF-7/. b7 v
VASHEREROBELFig 2 1, HEROLEHEE Table 2.1 T4, &5 vIz2 40
AIERBI >0 TREDT 5,



JAERI-M 89-207

2.3 TERERIER

231 P VIRYOBLRAHHEORMESRE R ERM

FHENECKEDF A7 v VA7 DBIBEHATECHRES A2 LHiC, RBHEHOD 2 S
B603 (PNP/ <A #—-F5r5vI2%), 28CT764 (NPNAAFEF-5+73vva9) K
UP2SK468 (MOS Py vzx4) 0Ky OR—RAEEH VT, Table 2.2 KRTHEIES
I THETHEAE LT OERL B L 72,

2 S B6EO3TRAFTUIMER leso, Leso K 20T, Table 23R4T LS CMEDHTE
HICETFOMHESBH ORI TH- s, 2 SK458 T, Table 24 Rkd L3I F L
AL o MEBH Toss . 7 — FIBALVEW Ioes IKEMNAGR, AP LTI, 50~ 1000
BHHEDbH -7z, "AFE-FHBEZVEMOS Py I2 9D FNORIFILETE, £
EDORANLRUERM BRI pARNOC(MBELBEAICHMT 20T, UW~NFHEEDERS
HENB,

Lipl, 2S5 K4BILDVWTREENANEVI EpSHTELHEL YO T TFOEIKYOTH
SETofe THOL, QR—-RELLHUTEDOED, QMEREDT A b7 4 7 F » —
FADbLS vy IR s OERETE, OF--%E FH R o0 ToBDELAFEEe HENE
R LI, TOHHE, ODORATEELLEEVE LN b, @DF AN T 4 7 F v -8 T~O b
YUY QEEFEICELBIEMDEVE Table 2.5 KRT L9910, HEEFORNL LD
Loss QRUIEMMSPBLORENL-THD, R -EBEBECSOTSBT~OERIE —icL THES
NELENSD - 2, QOERMHSVTE, Table 26 il —HEB 0B O R LAIEKE R+ T4
KD, 28K 458D loss R Toss WAEAZMERCESREZ, B—AE%E2 ~4DHEHE
FICTHBEICEMLL, TO0®%S ~0MBTRERAES—EE L - B, BHENECD
MET, EOARONAMOEBDPRE NS A —2ic20 T, BIECKRIELICELZER D
H TR =i,

Mbtoz bpo, BFEINECETOR-HBICk 2AIEMOEN L, AER~OERLE
BT hE, BEZ0L00HES*ROET CERECIORMEMA ST D CEHRE
BIERTH Z2T EWhbh- 1,

LR OoREFER» S, PF Iy OMERL L BEBRS L, Fig220i—a), i—a)
A5 TORMESEE (Table 2.2) TiT-TOHAIES4 ~5 4%, Fig.22dDi—bh), i
—b ) CHRIEAE4L ~ 1005 ¥e L, XSl ERmmM 4 A (Table 2.6 ) L TMlEL 72§
RERBLTRT, DL, BTN A -9 DATF o 7E2NEL LT (HACHBERD
FEREHEZRCT2) AIESEHL >, o, FUHAEEB LS THAET A Lick - T,
AEBEBOHHUSEBLOLALLESDh -k, ZDEI3CLTEDBIESLELE 330 Table
36IRT . BIBEUTOEI I Y V2 OFREHEDMNERI~NTCIOFREORORYTIT
I _

—Ji, BT AEBREYREOBHKBICH -7y Y29 BEE, SrKo0TE—O Y
T oBEsNCEOEFHO L, £, MEICRLELTO Y —27ERs DR T58E

B O RELF E Ao foe BALE (100°C, 3h) £1T- R EGOHR % Fig. 2.3 XU Fig

™~



JAERI-M 89-207

CARBHRUALERLEDODETRT, BABIRID M v Y2 9 DFHFRBIER (Leso),
FLd vimaBl (loss ) DVETFT 560850, ULALIOBETESBHAEEFAEEOE
BbdH-l, IDTEMPSGLT VYA DBIAERHORELDZDI, +3 Y PRy OHRE
SERETRHEIIICERLES ZC i L,

232 HE#BEOrT VY2 s OBIRKEOREE(L
FRRETH>CHLD, BHABOHELEY (B -NECH) X a8zl (Ficd
B Z@NTHBALEND D, WHRB IEBEELL, “M£-5 13 vY25E3x 10°RK
Ulx 10°R, MOS P 7Yz 3x 10'RBHLAABOER (22°C + 0.5°C)ic B} 5[
YR ER~, _

DR ZTIT lepo DO TFig. 2.6 ~Fig. 2.840, he: RULEWEEBEV T2 T
HFig.2. 9 KU Fig 210153 5 lcso KDV T, BEEHLENEETI TETOHEERS T
HDOoNLM, TOROENFIEDLDHTLLRV, /2, hee REV(wTH, BEEELLIZEA
EEMEBRDENLL, CREDCEhD, ERORMEMMTH L2 ~3 SRITE, BN
BREDLDLDTUNILBETHAT Emh-te

24 FTHERERBROELD

NWAR=—F M7z (28B603, 28SC7T64), MOS 7 vyzx4s (25K 458)
DO Cor HRHYNROEBRETS £Bic, F 72 vz v Bl EEOBRE, HXmmen
P72 CHEZOBESHORBEC > TFHUBRAN 2T - -, 2OES, AIFE
DHE®HCHDOTCIAEEBEDFRA M7+ 7 F » —MFEAUETE 7 V25 OERES —
EEL, 0PI VYRS RBELER BREEELCERS PO SR OEIRME ST * — 4
@zfv7§$é<b,%%ébﬁfﬂi%%c&m;bﬁﬁ%w%%ﬂéC&,ik,ﬁ%
%wﬁﬁmﬁﬁﬁkﬂyﬁﬁﬁﬁfm%bmt¢éﬂ@?%éC&@Eﬁ%%b&Qatq



JAERI-M 89-207

Table 2.1 Specification of the Measurement System

Semiconductor Parameter Analyzer (Model 4145 A)

Stimulus/Measurement unit (SMU): Four SMU channels,
variable or censtant DC voltage source/current monitor
variable or constant DC current source/voltage monitor

Current range : 1 pA ~ 100 mA
Voltuge range @ 100V ~ 100 V

Measurement resolution : voltage,4-1/2
current.4 dig

its(1l mV max.)

1gits(
(50 A max.)

i
its
Interface ; GP-IB,

Pcrsonal Computer (Model 216)
Processer : MC 68000(8 MHz, Motcrola)
Memory : 2.4 Mbyte

Interface : GP-IB, RS-232C

Flexible Disk Drive (Mode! G122 D)
Capacity : 630 Kbyte{3-1/2 inch disk)

Hard Disk Drive (Model 9134 D)
Capacity : 14.8 Mbyte(5-1/4 inch disk)




Table 2.2 Parametric Conditions

JAERI-M 89-207

of Semiconducter Analvzer (4145A)

(a) 2SB603
- Cotnidoln— Scurce S\A;'EEp rsnge
BT p H E] q
meter Caepn— 'ymopE | runct START sToPp STEP INTEG
nel TIME
1—C v VAR I —-10V —10C¢V —10V
1CBO 2 - - - —_— — Long
3—8 COoOM CONST - - -
1—-E v VAR —4. BV -5V -0, 5V
l1EBO 2 - - — - - Long
3-B COM CONST - — -
I1—E COM CONST - - -
hFE 2—B I YAR1 —100pkA —700uA — 100 A short
EONST _ _
3—C v — 5V -
1-E coM CONST - - -
Varil? _
VCE (sat) 2—-B 1 (0. 03V} - — short
3—-C 1 Varl —-10mA —100mA —10mA
1—-E COM CONST - et -
v i short
VBE {s5at) 2B ! (otgsv) - - -
i-—-C 1 Yarl —-10mA —~100mA —10mA
Condi-—
tion Souvrce Sweep range
Para Chepn= lwop® | runc?® INTEG
me tor T : START STOP STEP N
1—-C v VAR ERY 10V 5V
ICBO 2 - - _ _ _ Long
3—B8B CoOM CONST — — —
1—E v VARIL 1v 4V 0, 5V
IEBO 2 — - — — — Leng
3—B CCoM CONGST — — —
I1—E COM CONST - - -
h FE 2—B 1 VAR 20 uA 200uA LOGI1O shert
CONST
i-c M (1. 0V) - - -
1—-E COM CONST - — —
VCE (sat]) _ VYarl® _ . _ short
t-B ! (0. 1V)
i—-C 1 Varl SmA 50mA EmA
I1—-E COM CONST -= — —
Ve rl”
VBE (s st} 2—-B 1 (0. 1) — — — short
B i—-C ) Varl S5mA 50mA 5mA
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Table 2.2 (continued)
(c) 2SK458
Condi— S 1
| §0n ocurce Sweep range
Para Chegr ? e T INTEG
AR \\Jnei§ fMODE ‘ FUNCT ’ START STOP STEP et
i
t-s | com CONST J - - -
IDSS 2—0 CoM CONST - - - Long
3-D v Varl 10V 100V 10V
1—-5 CoM CONST - - =
1GS8S 2—D COM CONST - — - Lang
I—-G v Varl —-20V 20V 5V ‘
1-5 COM CONST - - - |
CONST ,
VGS (off) 2—D v (10Vv) - - — short
3G v Varil 2V 4.5V zv
1—-5 cCOM CONST - - -
RDS f{on) 2—D | Varl 40mA 6E0mA 5mA short
CTONST N
3-a v vy

*1) channel number

Bi-polar transistor

C; Collector, B; Base, E; Emitter

Mos transistor S; Source » G; Gate, D; Drain
EX.,

1-C ; Collector connect with No.l channel

2-G ; Gate connect with No.2 channel
*7)

V ; Voltage source / current monitor

[ ; Current source / voltage monitor
COM ; Voltage source =0 V, compliance = 105 mA

*3) VARL ; main sweep parameter
VARlI 5 Synchronous sweep parameter

CONST : constant source
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Table 2.6 Changes in Electrical Parameters Caused by Repetition
of Measurement.
1) 2SR602, Samplie No.2 2} 25K458, Sample No.l
First measurement Hth measurement First measurement 5th measurement
Variable : Variable : Variable : Variable :
VER -Cht VER -Chl VGS -Ch3 VGS  -Ch3
Linear sueep Linear sweep Linear sweep Linear sweep
Start  -0.,500V Start -0,500V Start -20,000V Start -20.,000V
Stop -5.000V Stop  -5.,000V Stop 20,000V Stop 20,000V
Step -0,500V Step  -0.,500V Step 5.000V Step 5,000V
Constant & Constant Constant Constant
VDS  -Ch3 000V VDS -Ch3 00OV vS -Chl 000V vs -Chl 00OV
VD -Chz 000V vD -Ch2 .00OV
VEB -Chl | IEBO® -Chl | VEB -Chl | IEBO -Chl | VGS -Ch3 | IGSS -Ch3 | VGS ~Ch3 | IGSS -Ch3
-0.,500V | -3.500pA -0.500V -2 ,550ph -20,00V | -2.,750pA | -20.00V -4 ,450pA
-1,000V | -4.250pA -1.000V -3.900pA -15 .00V | -0.500pA | -15.00V -1.,050pA
-1.,500V | -5,000pA -1 .,500V -4 ,700pA -10,00V 0,150pA | -10,00V -0.050pA
-2 .000V | -5 ,650pA -2 .000V -5.,350pA -5 ,00V 0.600pA -5.00V 0 .400pA
-2 500V | ~-6.,350ph -2 .,500V -5.900pA g .00V 1.,000pA 0,00V 0.800pA
-3.000V | -6.,950pA -3 ,000V -6 ,700pA 5,00V 1.200pA 5.00V 1.,050pA
-3.,500V | -7 .650pA -3 .500V -7 .300pA 10 .00V 1.,300pA 10,00V 1.300pA
-4 ,000V | -8,200pA -4 ,000V -7 .650pA 15,00V 1,550phA 15,00V | 1.450pA
-4 500V | -8.,800pA -4 .,500V -8 .450pA 20,00V 1.650pA 20,00V 1.6500A
-5.,000V | -9 .500pA -5,000V -9,050phA
3) 2S5K458, Sample No.3 4} 25K458, Sample No 8
First measurement 5th measurement First measurement 5th measurement
Variable: Variable: Variable: Variable:
VGS  -Ch3 VGS  -Ch3 VDS -Ch3 . VDS -Ch3
Linear sweep Linear sweep Linear suweep Linear sweep
Strat -20,000V Strat -20.,000¥ Strat 16,000V Strat 10,000V
Stop 20,000V Stop 20,000V Stop 100,000V Stop 100,000V
Step 5,000V Step 5,000V Step 10,000V Step 10,000V
Constants: Constants: Constants: Constants:
VS -Chi 0000V VS - -Chi 0000V VS -Chi .0000V VS -Chl 0000V
vD -Ch2 ,0000V VD -Ch2 0000V vD -Ch2 ,0000V Vo -Ch2 0000V
VGS —Ch3 | 1GSS -Ch3 | VGS -Ch3 | IGSS -Ch3 | VDS -Ch3 | IDSS -Ch3 | VBS -Ch3 | IDSS -Ch3
-20,000V ] -43,00pA -20,000V | -35,25pA 10,000V 28 ,00pA 10,000V 18,10pR
-15.,000V | -29 ,65ph -15,000V | -27 .2bph 20,000V 56 .05pA 20,000V 49 ,85pA
-10,000V ] -17 .65pA -10 000V | -17 ,40pA 30,000V 66 45ph 20,000V 67 .25ph
-5,000V -7 .35ph -5,000V -8 ,00pA 40,000V 78 ,65ph 40,000V 83 .30pA
.0.000V 1.20pA 0,000V 1.25ph 50,000V 90 .,20ph 50,000¥ 98 .20pA
5,000V 8 .75ph 5,000V 10 ,60pA 60,000V | 102 .00pA 60,000V | 113.20phA
10,000V 15.,75pA 10,000V 19 .85pA 70,000V [ 113 .80pA 70,000V | 127 .80pA
15,000V 22 .25pA 15,000V 29 ,20pA 80,000V [ 126.10pA 80,000V | 143 ,30pA
20,000V 28 .80ph 20,000V 38 ,65phA 90,000V | 140.00pA 90,000V | 160.10pA
B 100,000V | 156 .,00pA | 100,000V | 178 .80phH
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Semiconductor Parameter
Analyzer A

ho model 4145 A i " DUt

1

L.

Parsonal Computer
hp model 216

Mass Storuge Device Printer
(Flexible Disc Drive) hp model 8295 A

hp model G122 D

Mass Storage Device Plotter
(Hard Disc Drive)} hp model 7470 A

hp model 9134 D

Fig. 2.1 Block Diagram of Measurement System

*
DUT; Device under test
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Fig. 2.3 Effect of Heat Treatment or Irradiation on Bi-polar

Transistor (2SB603)
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Fig. 2.5 Changes in ICBO(ZSB6O3) as Function of

Time Elapsed after Irradiation.
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Fig., 2.5 (Continued} (25B603)
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Fig. 2.6 Changes in ICBO(ZSCY64) as Function of

Time Elapsed after Irradiatiom.
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Fig. 2.6 (Continued) (2S8C764)
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/A Bias  supplied in irrad./ Bias unsupplied in holding
(05 Bias unsupplied in irrad./ Bias unsupplied in holding
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Fig. 2.7 hFE(IC=lO_2A) of Bi-polar Transistor vs.

Time Elapsed after Irradiation.
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s Bias supplied in irrad./ Bias unsupplied in holding
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Fig.

1
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2.8 -100V) of 25B603 wvs. Time Elapsed after
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Irradiation.
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Fig., 2.9 I (V,,=40V) of 25C764 vs. Time Elapsed after

CBC " 'CB
Irradiation.
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Fig. 2.10 Vth of 25K458 vs. Time Elapsed after

Irradiation.
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Table 3.8 ICREI LA HF =7 b7V RF5THE2SCT6452SB603D r A EA
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HBLTRd, 2SCT6412SB603ICTL, heTHETZ &10° £ ST ST E A BN,
POEIFHEOFLCRITRERFRERERBIALYEDONAL L, ¢ TRANFLHIIC2S
B 603 0MEE, )7 BE, HNEFoRELLEBRIE, RUBLE,BEkRTEo B
FALLEEZOR, R4 v FrrBMorhd Y ) o vERDICER LAZRBIC LS EE 2 oh
foo ORI L2SCT64TH, WRECERHEBEN S LD TLU VT &0, BILERDRE
LB R ERROENLTIC v ) 2 VRS PORBESERICECIC W, $213, Th
SBELRELTH NI VYRS OBRRUHIKEELREESBOHLOELELLTHILI, 2O
FRELT, 2SCT64BmBEHTORT + ) 7T+5 —MEABESATNEL L, T84+
YTAREREROVTV AL, NE I Y YRS TEHEALE, T3 o8, N—R, 275D
BAMDEEN 2SBEICENOLD b EBETELL L NBFLNS,

Fig.3.400c 2 S C 764 O hps ' hye D EE FE 1 BoEEATT, BRE FEolEZELDT
LFPTHL, ZOMIE2SBE03EEEDELRASRL 7,

333 2S8SK458 (Y7 -MOS) bFvyRyDr BEEHE

(1) 28K458F7vvRyr MEHEHGFE 54 7 2H M)

Fig. 341~ Fig 3.3, N TR h 3 HPEOERBRZEAZATHHN LA N v, v BR

(Io), Yy=2« FLA vIOENEH (L) ROV — R+ F— O SNEHR (Les) O

EiLAEIR G,

BRERERTOF LV, vEROEAR, 1x100R~ 1x10°RBEICHE O TS IBEgam iy —
bev —2EE (Voo ) ORAMICEE (Fig 3.41) +4570 7T, [#Eo@EE2E/ALITIL,
= b A7 R (Vps ) I0VT—FEDBHD Ines i3 3x10°R PLEBEH I 2 & Egic L,
Ix10°R THEHABHMKOMEICH L 2#LLE, BEEIXICR - hTIxI0REBRELA-EAE8K &
BT 5, LL, Lok de, LBEIFETEHL TV AL EROTY - VEFEHTC
EREDLEROT L EBTED, leuid IXICRBHE TRFGEBRUBERICL ~TI3 &

A EBEALL 0,

Fig. 344 U Fig. 3450, LEWHEEEOBE (AV,,) REFLA v v - 2O LNE
HOEING (A lns) ORBICES5E({ETT, 3xICRULTHREEREBEME (10°R,7
Wokh, SEEERBFLIOAV,OEEBDRWESIKREZ S, £/, A Ikl 1 x10°R B
LORRTARCHERNT A0 1x IR/ ZWOEEERHF LS 28BN E 0.

MOSPFFYIRIDRAA o F 7 7IFREIE, Fig 3. ldbinA0 L 3B ANEEEAMA - &
EoHATHNSBEZBICURSNEFEBAC SN 5, taon=4 YEREKE (on-delay
time) &, AJI NV ZBMb- THLHNBREEHBRERDI0SICET 2% TOEE, 1
=05 LD (rise time) HABARBESEANERO0BH» 50% Mt 2004
HEER, taorny = A4 7 FFEIEEER] ( off —delay time) BASSVRBEL L - TH S, H
TTEREEPRARIE DL ICHL 5% TORRM, ¢ FTHER (fall time) (2 HAEREE
WERARBOOE»S10% S TRL T HOICET ABBIRT S — v 4 Y% {turn on time )
Bton=trttaom ., ¥ — ¥4 7 (turn off time) Etorr=ti +toorn CRSN B,

Fig. 346 R U Fig. 3.47TIC, "4 7T 2% d BB LREFLZLZTRELEBOLS FS 0
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Mtr, & EEBEMEMtaon, FEREEL, 4 7HEERH Wiy, OBE= [ (BEHBOH—
REHOME)  REHOME) 1 x100 #BEHEBICE LTI oyt L, BEFCILEL
BROONME WV, D LS DERM (4.0 RUFEER () &, 10°REH» S ANt 3
WA BRI R (taon) RUA 7B (tyon) THAS IO LKW 2 Dbt
EARG o AA v T VDI~ A VIRt =t T taen THED D, te & taontd BE T L T
T BT 50T, DEHICLZ2E, 1xI0CRFETCLOEEFEOETHE, L,
BWAZ K Oty taory HRECHWEMIEDTY — v & 7B o=t +larey (2, 1 x I°RBEE L F
THECERT S, BFBHECLID v Y a0 vhiC KIGEMSHER L, taomZFREDLE2 &
NTOLE, FAHRSEREMEGHERT EEZ SN D tagn PRHICIOEIINT 2 M2 R~
TH5, *

Fig. 3.48ITAV,,, MU Fig.3.49~Fig.3.52iC, 24 » F v FHEO 1A T ADEE %514,
WNAT ADEEL, AV ZwRUTZA o F V7 EB Otaoms tdaorn Tﬂiﬁﬁﬂﬁ'i"‘ﬂiﬁb\ﬁf, Ay
FrrEEOL, tREOTIXICRU FoBSETHLMCREDH LN 5,

20 285 K4B I vV R/ Dy MEHDRIDLTOER

2S5 K458, 2EHEHMIMOS FET (Double Diffused MOS FET :DMOS FET)
T, TOMEALFig 353imRd. DMOS TFET, F+¥ailhF~EEICL s s
NOPEAUNBEREOREDELLIOERINELD, F v v i vE4 2 ¢ m R CHH
ETE5. TOMERIEBRNBESCSME, B v ERSE LN IEMMES 5,

—, MO SHEGEIC r BARE L A2BE, BEE (ZLSIOVhKEF - FELMMPREST 5.,
RBEPTOBETORBEIEETWm®/ Vo SItH 0L, ERLOBEHEIR 2310 Scm?
SN STHD, BTUEOTHLHERTRBEGH» SM0 Boh, ELSBBRETCEESNLS,
o, CORBHROERLY A TRELEOBH L, WBK S LEERTENE SRS 5.
FIEORBEHOIEAOHE, FHICIOMOS F7 v VR 5D L & WEEBEESE N E~BEH
57, i, BEOEBE VP HHEATEMOEMICED Ve vs. T, OB S nE(T
%

LD CERUFig 3410 [ i 0o BB I £ 28 AEF 3BT ICBIVOBERH
FICBE T A0 THEI LS, 2SS KIS TRESERICEANKBEIATH S8, BE
B EERAENOERRELASED ORI EBEL B, REBEMSIEEASERL
o, QRO2EHHBEMOSFETOBERR LN L YXBBEDO TN BAr & D,
NSRBI A X BEREEMICERT L EAWMEENEL W+ v 245, @F v 30
RPEC, - THEERABMTOF + ) 7TOHELSD O, QBEBAN _BERBE (B2,
S10;, SINF 7o, BB SIOME, CVD SiO )it -THo, BHEICARLALILD
RE  EHERA~OBH L LLEG, @5 -V CBEEEZHETRHROTEBHELTH S (Fig.3. 2
Z2H) , QRHEMNEZEN I EIRECERBIIE- TV HOENEZONS, £/, 2 SK
A8 DBRAEPOIERFTOERIT Ix10PRBEHL L THEE L LY, ChIEBKREER, £&
BOEDFEECOEETAOTHRER RS S0,

AAy FYTREICECTE, MBIC X S0RETH D LB O &R 2R K 5 ik R
UDERD /Db EADEM t,, FEBEER t AL, 2ALIMA TRE T &
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LHEHRDORBERGE L EDFE OB DERICED A VERT A 7 EERE t g0, taor
WEALT B BICEED taon, taon B REEEIOBVENZLYBETRMICL LTS
HAZRg &EFELONS. Fig 346U Fig. 3.47TDt., t:DEIZ, AV BRUA [ DT
ERBRICIx10PREHU L THECEI/LL T, 2O &Lt tiDBEICEL TS
BEDIEEROEEOREBICLEZEELAOIND, THIKHL oo, taer OREICL DI
HIXI0°REH TS to, triclh T, ¥EEPORMBENMOEREBBREO BB EL
WHENTEIDIZS W EERLTV B, BB NH, taon & tawrn & IRERLE(LEE
R > THUEBETELEEALONDD, taemABHICEOBML TV EHEEHE R
g ‘

NATADEBIEAV,, STEEAERD SNITH - Fod, AERTH Fig. 3.2 KRS &£ 5
Wr—rBHEET -2 (V- 2RKEE) LTFL, YREFESP T AAELD, EEHicE <
LIcNATRADLGREZLT0EEnEFELLNE,

Fig.3.54iC, 2S5 K480 L 2 EEFOMMEOZRLE R, L VEBET THE®, =
BTRESLCABELTVWCESEDNE, 2D EDL, BEEYDRERXLDHTLHNEER
o e, —F., Fig 340 3x10°RULDERERBRNTAV, H"SEBRERE & FNED
HEMAMBHH L, 1x10°R’N OERBERBEHE T, A oo BB EME L b BNEE L
FLCEVCEDPSBEFRYRVBED LN S, Bic, FIEDAV LML TR, BEAMHDT
WOT, BHERTIDERBORBEAT - THEILDILENSHA S,

334 +IUvIVRyODBFEL T BOKESREROLE

BEFHMECor BEOBBUROLKITH - TEETREIBEEELELT, ETHE B0
HZBEHEDOBEPHE, BEICHOCAZE NI v Y2511, F4 vy —JXRT0DE, #C
T, BT VRIOAN—MOME (T, Zn, Fe%) EHL (0.3mmEE) b, &
P UHKRD T 5 HEFHRINHELE D Depth Dose CurveZ{E-TH T 2 VA5 DH N T
ERSNI2BETREELZRDL. S 7 v VASEHTABETHEBHERE R, EToEg500
RAEEI S FROBERBELAZ LI Vb0 e L, U, rSBHERE FADL DB A
NW—MIELLERIRBFEL TV, 24, BFELErBoEYROEBEICE VT, #
N—MPoHHENLIHABROEEIFEL TOH L,

L, D MNCl<2@FHEr MO ROEK TIE, ¢ TIBE~LHICEFERIL
NATREPTFTICHMN AT TO0L20T, MBEELTRLAZFBBEBFECEOVTENS T AR
DIEREH .

Fig.3.55 ~Fig.3.60iC, 2 SBO6DEFHERNRDEL r EEHO 1x10°R . h & 1x10°
R/h o BEFHREHETRT, F7 Y PR 5 Dhes /Nieo A Teroy A Trsos Visisat)s Lons
tr, g KBTS EFHERBF (1 MeV) & ¢ 8 (L17TMeVE 1.33MeVai 1 1 1) BREDRE
PHEST L L, VINLBEFREFS LD by BRHOFHE—REBCH LT, 7 P2 50
FERERBRADR) v REV, $H, ETEO L #0F — 1MeV & 2MeV BBE ICE 1 TR
LT BREMEOEZRENED LN S,

THRIC IMeV IREOETRL r BROBHOREIBRFEREME LDz v 7L YBEIC L - T
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THLINTED, BEGRBCABHNNERE (3 ERELIONAE L, BETHEERCL2E
EERER MEBZEOKRANLO-HBECTEHFR 400 BB TEMNS Y Y2 s DERH TR
EAEBHORGH T, $h, BFRETHO 5 Y VRS EEHBRCET 3HEOHC b
COBRENEimTHAEALEEZEZLZLEZDHTNINEEZELZLNS,

REnT Lo, 28SBRREDLNIBTHE r MOBRHDROZEROENSIHHD 1 & LT

BMEREIRPEZL SN S, Table 3.5 FT LI, ETHBHEHE 1 xI0°R/ hor HBHEHT

HEREF THIOBETREFRO I SE 0, #4b5, IMVETHRBEOERR, rE0HE
RUROEELTHD, HEEPLxI0OR/hKESTELEEL NS,

Fig.3.61 ~Fig. 3631, 2SC T4 0ETHEHDEL r ERHF DO 1x10°R . h & 1 x10°
RAhOBESDRBLLE L TRYT. 25 C 764 dKEHBHEREEPHTEL, -7, EF8E L
rROBHNROECRVEFRBHICEDT 5 IMeV RT 2MeV DEFREALF —DEL 4
Fold@ED oL, Cﬂﬂiﬁﬁﬁﬁb k2, TOr S v P27 DMBHABBEEEHD TE
NTWbL Ltk s EEZ N5,

Fig.3.64 ~ Fig.3.66iC, 2 S KAS8DETH & r @OBEYBE+HEL Trd., BFE1
MeV & r MOBBMRELETLHELETHRENO /272 SK 4580 EAL 0, F 4, 1 MeV
BF#HEIMVBEFRORAUROLETE, IMVETHOASBREDRESPMNEL, 2 SK
458 T, THREBHCSVWTEERIRENALALED NG -/ D, 2SB603T
BT gD, MEFYRICL > TIMY BETHEOBHMES DR EEL B LHTELL,
W->T, 2SK4BTHRETEE I HELFOVTIBHDRKE VHHEEELONS, D b
SYIASO T WERGROETHENL ST, 25 B603E2SK480BESHLERERE
BT, BRLEE Ko REMEAOLR, BIEUEGDOEACERSEEZELI SN TED, -
T, 25K4B L2 SBOMBK B THETFREr ROMHEGRLSRLILZT LT}, &%
ORI EHE LTS,
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Table 3.1 TFlectrical Characteristics of Transistor

PNP Silicen Triple Diffused Transistor High Voltage Low Speed Switching(25B603)

FEATURES

* Low Collecter Saturation Voltage;Veecaat) -1.0 ¥V MAX.

ELECTRICAL CHARACTERISTICS (Ta=25C)

PACKAGE DIMENSIONS

RJrut ! et

# 1.4 MAX.
15 MAX

G4 HAX

)
Term Symba |l Measurement Condition | MIN. | TYP. | MAX. | Unit E]____J.;
Collecter Cutoff Current fcsn Veg=-500 V, =0 -10 LA
Emitter Cutoff Current leao Vee=-5.0 V,!c=0 -10 A .
DC Current Gain hees Vee=-5.0 V, 1c=-10 mA - 50 —
DC Current Gain Negp Yee=-5.0 V,lc=-0.1 A 30
Callecter Saturation Voitage Vegcsat) ic=-60 mA,lg=-2 mA -1.0 V
Base Saturation Yoltage VeE (aat) 15=-60 mA,15=-2 mA -1.3 ¥
Turn on Time ton le=-0.1 AR =1.5 K 1.0 us A
Strage Time teta la1=ig2=-10mA, Vee=-150 V 6.0 is s
Fall Time te (Fig. 3.3 1.9 us DAl ITC S TBSB
JEDEC: TO-205MDATO 30
1EC ICé, B4B
NPN Silicon Epitaxial Transistor High Speed Switchihg,High Freguence Amplifier(25C764)
FEATURES
= High Speed Switching;tonI2 ns MAX,t.r¢ 18 ns MAX.
» Low Collector Saturation Voltage;Ver sat) 20.25 V MAX.
+High Gain Bandwidth Product;f; 500 MHz MIN.
ELECTRICAL CHARACTERISTICS (Ta=25°C)
Term Symbo| Measurement Condition | MIN. | TYP. | MAX. | Unit
Collecter Cutoff Current cao Vea=20 V, le=0 0.1 HA
Emitter Cutoff Current leag Vee=3.0 V,1:=0 0.1 LA PACKAGE OIMENSIONS
DC Current Gain hee Vee=1.0 V,1:=10 mA 40 1100 [ 200 e
Collecter Saturation Voltage Veetaats 1:=10 mA,ig=1.0 mA 0.1510.25 s o 5.8 MAX
Base Saturaticn Voltage VeE (sat) =10 mA,la=1.0 mA 0.80 | .85 v 44.93MAX %
Close-Cricuit Small-Signal heo Vez=10 V,1g=-10 mA 80 | ot
Foward Current Gain £=270 H2 l ¥
Gain Bandwidth Product fr Vee=10 V,lg=-10 mA 500 ;750 ! MHz ) 2
Jutput Capasitance 1 Cow Yee=5.0 ¥,1e=0,7=1.0 MHz 1.9 4.0 | pf T
i Collector to Base Cc.rd’b Yee=10 V,1g=-10 mA 100 53 r=
Constant f=80 MHz I
Turn on Time ton VBB=-3 V, VBB=+120 ¥ 8.0 12 ns
Strage Time teta Vin=+150 v, Vin=-15 ¥ 6.0 | 13 | ns |}
Turn off Time torr (Fig. 3.3) 12 18 NS | 2 CollectariCann)
ElAd TC1. TR-8C
{EDEC ! TO-206MA(TO- 18)
fEC  : 02, Bf
N-Channel Silicon Power MOS FET Switching(25K458)
FEATURES
*Low ON Drain RESiStanCe;RDS(UN) =1.5 Q¢ MAX.
* High Speed Switching;t,,:30 ns,t,,,:40 ns TYP. PACKAGE DIMENSIONS
(Unit : mmy
ELECTRICAL CHARACTERISTICS (Ta=25°C) o 3.4 MAX
T 1
Term I Symbo! Measurement Condifion { MIN. | TYP. | MAX. | Unit |
Drain Current Iyss Vys =100 ¥, V¥55=0 30 ! pA
Gate Cutoff Current lass Ves =20 V,Vp4=0 ; 100 | nA
Gate to Source Cutoff Voltage | Vesiorry | Voe=10 V,1o=1 mA |1 2.3 51 v
Forwvard Transfer Admitance Yo Yos=10 V,15=0.5 A 0.5 i0.8 5
ON Drain Resistance Ros cons Vos=10 ¥, 1p=0.5 A 1.5 Q
Input Capasitance Cias Vos=10 ¥ 300 pF
Qutput Capasitance Coss Vae=0 100 pF
Feed Back Capasitance Cras f=1 MKz 30 oF
ON Delay Time taan [520.5 AVagsiom =10 ¥ 10 ns
; Rise Time t. Vee 550 V,R. =100 Q 20 | ns | L Source
0FF Delay Time tacarns | Rin=10 @ | 20 ns_| r Drain(case)
Fatl Time - te 20 [ EAJ TGS TBsE

i (Fig. 3.3) |

JEDEC : TO-205MINTO-39)
EC SO BBl
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(a) Bias circuit of 2SB603

IC
¥ _.
IRVA W53
ilkﬂ ~— 1k
~ v 2= T T Ry
EN %
777

(b) Bias circuit of 2SC/764

I1C=2mA
VCB=10V

- 1k

=]

Fig. 3.2 Bias Circuits of Transistor
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(0} Switching Time( t, ,t . ty ) test Circuit of Bi-polar Transistor

Ry=15%Q
Waveform at
__Fﬂq,w Pc=4%i Base Current _ {IB2
I
IB1 l ] IB1
IB? Vcc'—-"—ISO_V
Vix Waveform at 0% —
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= i AR
duty eycle 2 % ViEsvy Current
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0.1wF Vout - v.l b Vout
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' o F{—vw— f
2 500 f1
0.0023 4F -
0.005 HF ' 22088 oF 19,0023 uf°
{1 500 10 4F
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5015‘01'{-‘*"’« : +0 ., )
Vasg | o=y - Yi=11Y ZgVee=10Y
wr ’ »
. D~
Vi y 10 % Vin
1 I PPN B Vo U
vout] Moo 5 Ve | JT0 % 0 — 7 wavEFoRM AT A"
- Vout S s
VBB=-3YVy ton VBB=4jpvytolf ]w,_ 10 24
Virs+is V Vin=-15 v Cotg

(B} Switching Time( Ty (ony-testyorr) - Te ) test Circuit of MOS Transister

RL=1‘OOQ

ID=0.5
VGS=10v] A CC=50V
ANA oﬁJ J;

Rin
Rin=10 1

PG,
_ Vin[
0 L_——

-

=1 p3
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Fig. 3.3 Test Circuits of Switching Time
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1o ~ e;1x108R/h

- 2SB603 0;1x10°R/h

| i1x10%R/h

e 1x10-28 0:1x102R/h

0.5}
Af

0.0 L 1 ' ! \?*ﬁ
i03 10% 10° 108 107 108

Exposure ( R )

(a) Relationship between hgr and Exposure

I.GT

hFE/hFED
(w=
i

0.0
10

Exposure Rate ( R/h )

{b) Relationship between hpp cnd Exposure Rate

Fig. 3.6 Relationship between hFE of 28B603 and Exposure,

and between hFE and Exposure Rate.

IC=IXIO-2A, Bias Supplied.
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10-8L -
< VCB=-100V ® ; 1x102R/h
- O ;1x102R/h
o 4 ;1x102R/h
8 90l 00 ;1x10“R/h
4
_10_10 - L i 1 i '
10° 104 10° 100 107 108

Exposure ( R )

(a) Relaticnship between al.,, and Exposure

VCB=-100V

AICBO ( A)

- ‘10 - J 1 1 i
10702 10° 10" 10° 10°

Exposure Rate ( R/h )
(b) Relationship between 4l.,, and Exposure Rate

Fig. 3.9 Relationship between ICBO Increment(AICBO) of 288603
and Exposure, and between ﬂICBO and Exposure Rate.

VCB=—100V, Bias Supplied.
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(a) Relationship between Alp.. and Exposure
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1

(b) Rel

Fig. 3,10 Relationship between I

VEB=-5V

02 103 1ot 10° 108
Exposure Rate ( R/h )
ationship between &1, and Exposure Rate

- Increment(AIEBO) of 25B603

and Exposure, and between Al and Exposure Rate.

EBO
VBE=—5V, Bias Supplied.
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(i) Schematic Cross Secticn of (ii) Distribution Curve of

Planar Bi-pelar Transistor Carrier Density

(a) Structure of Bi-polar Transistor
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1 { i |
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10° 104 10° 105 107 108
Exposure ( R 3}

(b)) Vg sar) VS. Exposure at Various Exposure
Rate ( 1x10°R/h~1x10°R/h )

Fig. 3.12 Relationship between Saturation Voltage(VBE(sat))
of 28B603 and Exposure.
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Input wave form [
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( g ) Switching Time of Bi-polar Transistor
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( b ) Switching Time of MOS Transistor
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Fig. 3.14 Switching Time of Transistor
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Fig. 3.15 Relationship between Turn-on Time(tgﬂ) of 28BK03

and Exposure.
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Fig. 3.16 Relationship between Storage Time(tstg) of
253B603 and Exposure.
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Fig. 3.54 Recovery of Threshold Voltage Shift(Vth)
at Four Different Exposure Rates for 25K458.
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