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The Deterioration of the Transistor

Tomoyasu NAKANO

Department of Communication Engineering, Faculty of Engineering
(Received Sept. 26, 1956.)

Synopsis. This paper deals with the deterioration of the transistor caused
by the water vapor or gases in atmosphere and the heat generated by the
backward current. It is said that the life of transistor is very long, but as
the affair now stands, the characteristics are gradually changed. Its cause is
mainly due to water vapor, but we have assumed that it is due to the effects
of oxyzen and water vapor duffusing into Ge. From these results, surface
conductance is changed and deterioration is occurred.

The large current deterioration is due to the same reason. And so one of
its counter—-measures is the spread of the insulator solvent on the barrier.
The cooling of the transistor in market is so insufficient that the effect
of this technic may be covered by increasing the backward satulation
current. But this technic is of no use, so we must examine the duffusing
effects of gases which may be considered as the true cause of the deterio-
ration.

[

N Ty DR OFMEILD CTE & WbV TS, B « O O fo i i :
PIRESIC AL L C& TR, EEMAZ Ly T oER LS 5 Hgc 6 b it
LB o—8 a4k, ToOREEEEL . BHIE48D p~n~p OO
THEBEITOI. HILOMBE FHRADEEGOW L, WG HEDOZEIL, =v 275D
FETBIROMRIC X B OMA, MHBEEDOBAEST DI, o2 toFHR
L LTAREDOEE Y BT X 50 TEHN S, SHURHLILDFEREE2 BTN
BT CTh D DNEIARTIELD 5,

il

R



2 il No.6

2. KRIC&B%H

2.1, wEROIY~ErS
POV ORI EREFCE DL TR EWHFROBRPKEFECHAL TS 5, LL
TWELCeB LB L L CERASWS a0
LT %, BB 7))~ 7 %R
T UL L X OB ERMEE T E
U T LB oM &5, K
BLETH LT OILoREI I h BZE
R ERER D T e hEERL
THRAC L3 )~ v 7 udT 5,
IHEEIRKRT, Chrbisd L)
ARG COHIITA A LIKFES K B
D THHED I LTS DH, FZEH
TOLEHELDEWHE LI LD
C, IRIEE DB EICIZE Lo e dic

Db DIED D Tlkin {, KL D H o - 7 6 3 w0
NOPREL . DR L Hps Ge BE BIR ARKRIdPor ) ~vv s
(R PGk BEE LIz bk Fifels 20Volt, —JEsiiil

e 8 LG 2. LSS 3. 2 o155 5
Vo 4 ASHEIEE 5.k 6. EZErh

2.2, ASOXBHECLRIE T

RO p~n FEEHEEMCIET 5 L BRI F v v A AR ETEH, Zolkd
KRR 2 T BEEEIERE AL B DT, =3 v # T A0SR
WL DEAIEZHCHETHC LI THART AL L2355, Linl=3 vy k=
L2 P CEER ML A L OBBBTMC T B, Lavd o (EFMME) e[
BEThHD, TREIDHBMC LYV EL T v v A A OBENIREETH D & & L ERE IR

GRENRGC I VHRT DO THD LD, Mo b 281K LHE2N
AR T
#lm REMRLF v R OBIR
P (W) dlc (mA) K = dl¢/P B k/(= k/B)
P~N Junction Cutput 10-3 Volt—~1 Emitter earth
Input ‘rent SV |
nput power curren Eéﬁai%rh:&(l_a)
s 5.5 1.5 0.3 15 20
| |
CpP, :
=y S 1.2 | 2.5 2 12 150




No.6

Py PR ZDOHLREENT

vV

<o \ 20

yd
//‘
-

1
V110

\ %U

\ b

\\\ 5\ X‘;’f \2

’\
: : 0

mA 4 3 2 1 0

E2H

SEERRD = v T X BEAL
FERRIED, ML= o
2.3. #HiElc X SEMEHER a OE(L

b ai=0.9 Ol AAREHILFE O IO RECIA L 0.75~0.8 FEE 725, [
EEROHE S 100K2 Xy 10KQ wigd 3%, iy C.P.4 T=vrT5E,

R KT 5, COLED=y FOEGTHEINCRT IS anlaviliz sz s
B, Zo XS CHFEOFEEL TR |

mA

-

<
IS anl ez s ehibdl LigD o

Joo TOTEERFBRD L OIIIEEOIRTET
SOHLE Y —~ 7 BIRCBRT S X 5

= I

— s

\

a Te==0,25mA
0,5 |
1.0 1
1.5
1 ~/::::::::: 2,0

0

0 10 20 v 0 5 0 5
B EMEE « L= 2y ZEHROPIHR

20 v
Ve
BAE ~~ 2o Ve—Ic i

=9 P (@ B LEHT o b 50D



4 i No.6

Do TDBRITh & D CTHET B, 4RI+ 5 L.
a>1 DAL

lc=Ig+4Ip
=lgp-+Ipo +Ve XY

Ie; =2vry8Ee (WA mA)
Ig; =3 v 2%W% (A NEY)
Ip; ~—=%fk (A )
Ve, =vz28E ( Volt )
Iposls @ Ve=0 oo

Ipo =0.04—0.15% 1 £

Y = (3[]/0(3)[15 =CONSt

“Y=A—Bxe¢ &

=0.06 (1.6—¢ ')

e =I5—0.15/+0.04+ Ve x0.1 (1-0.6xe” %) M
0 IR TH D, TRED a 2k THS &
dl¢c —1.26x1

@ =(55)=0.85+0.76x Ve xe ' @)

L, anl ez bz ri#ErLbh, EIRAITFRET S,

Do+ V P
\ ‘\\7W N M5
P \ i / -
Q //
\ N 5 / Ps
i/
—— X
BOSE e p~n EG o BOSR o Fo v R ADREOE SO

SO DTG BIAT B 1o 51K a, b, ¢ DRIA BT PHEEN LD T

o e,

ALY B ) SEHELERE D S AR L 32 5 AL ST :tmfmma/géo X Ig o



No.6 Y VA ROHGLKEINT 5

DIEFLE & OV TR GEER A D fc K IL )ﬁu{ﬁi AT B, I DT DIERTE
L@[\' BEOE I NIEILEIRDO 7 v 7l XD roo O Ol ETEECSEYET
, BRTH O sy B U CBHATEIL S L HERE IS

— 4 /kT
Hp=MWpno XE€

¢ MNIEHDFZ vy 7L ODBILT ¢ 2705
Pr=o+4¢p
=¢+ KXaxXlg
Lieh, TOIDETHEDI LT T
dn=mngy —nn

— JRT KXo X [k T
=29p0€ 0/ (1"‘“@ E/ )

. —ExexI (kT
=pn* (1——@ £/ )

w — JRT
n¥ =Ny, o/

Zo dn OGNS XD ISR T Do
I=enb V/d
Y Y 5 —

;o EEROE

S

., A]C zebV/dxn'\- (l——*e‘—kx « XIE/kT)

~Kx % xIE/kT)

. Ic=alc+Ico +ebV/idXn* (l-——e (3)

o @ik O st imEREB b b RIS L BAESES, o X 5 KIEILE
TBREEDA 0 % 2 AT Y IR p~n 28704 a N1 2z 52 2 45EL bR

ba

3. TBRICL B51L

3.1. FWMEE VeoZEit

PRI & T L M R E A USRS, & 7o oYL b IR LB S
%wibfféﬁ%@%mm&%@mﬂ@&f&oc@ﬁm#&vﬁbhmkﬁkﬁm

IR OTCHEELER & L TR EOERL L e B4 5, BO6RRT LS
L%&(D@%&#BSAﬁm?@;mzm?k()@%ﬂkkbm*E#Téo_0&
b CP4 T=o735r 1) @b 5h TA/cm® %t @) i kiE <
LT H, TOLS5RHETEL =97 T W) Ied &HZ L BEMCERLBD, 87



B No.6

mA]
1,5
1
0, 5
vV 50 40 30 20 10 .
12V
1
, WTE BRI
1 2 3 NaOH &Ry
3
mA;|
EOE EHC X pHEEoSb

1. 1B
2. 1.3 5A/cm* Dbt AC.P.4T=y

FC I d ¥b,
3. TAjem® OB b L e b o RS T
Tiwd &b
Mo X 5 nBHEELYITY e () wd &b nTES, ZOBE0LILERMLEE
DERMKSTRD, 0 Lp BRSO Fh L ERECRTThbh s & ficd
Bo FNEPHMSGETEDLEEEHD X 5 Th b, (@) XERLILLILETEH D, Inh

N
N /—\
~
P
P
In In
B e HESIOBEMEIK B8 b EMUIES

HbiE
b p~n S EHL THBROL DB TE TS, IREBEMINETHE O 0L
i ESAER TR ¥ B DT, BHRAIEECRT S In 2D ABI X5
b ONER & HEMSR S, —iE R T BRI e BRI O B NER Tk
FTARE T D H 20 TEE THILT 5 OIERE B OERE O/ NI DI
ZnEEbNG, SHEEERO Ge 0ZBUCHANCIT HovTn3, LarLTh%
(SO THHRTHRHET 5 2 & X D BT 2BIIOME % —ER 7 ERAHIC & A bDfE %



No.6 FF Y VA XL T 7

THIRELDBZ ENTEBLEES,

F oL U Tt i
Lice ThoE IR, M
W OET 15mA R
U, Tk BZAHRE AR
THEREBI Ui, Fiov

U= =il b T RS L

T 5 & M 43 5 B
fEE >0 L5 5 (A
Meh 42T BT DRI
LR E LI BDT, T ORI
T D) LrdERY
RFw - A b ow = R L
TR T YT L, TOER
fEEH L 60~100mA ¥ Ci7x

Do TIUCH D THEED & &
DBEIE Y b BT 5 1 e
SEMTE D, Thup BT mA
2. oM 5 FOW IO RS & IO BIR
28 OWFCLL e <, BURTH
FELTCVBEDIE Iy HOORROLONT ¥F50% R 32T, BHAEY FTER
W STIE A S D LN TE L HE L B,

3.2, BMHEHEHME

FIORC AT X 5 zener EHi b B RPN D L BUCHK Y AL ETH, &
DOEIEGAER AT D LW L, v 80 0 0
zener B REL L InB, TDEED
AFETRIT X BEAD I IR SR
UL A L CHied %, Bib
S10[10> (4) DISHEC T B & JRAEIE(5) (6
DFFHECIERZEIL L TP L, ZD I HI {20
B v — 2 TSR X D RS e
ST 5 ov Eﬂ %*{ﬁf@ﬂ!lﬁ”@ﬁﬁ%‘rlﬂ«: 7 % DOEOE® | 13:1\
F OB RETH ) Ik b e o O
3.3 WMo b rIRFILRLT 2. 50

3 TYL LA T E DI FGREOFE 3.60 n
RICL D b0 Th s CHHEpAECcH 20
DD C zener B WA 205 05T 6

SR (TR 1 5mm?)

i 10

1 20

1 30

[ st
1 40

0

SRR e AR



8 rh B B 52 No. 6

WD LD Ge i XY — FED < BHE R AL Qs S D7bic zener
BHRATRTIEEOER (A0mA/L 5mm?) i s & BAD - b I I FFEETRAE S e sic
AL CROHMEFENRL{ELTLE S CHRFH TR STMEAREITHD, &
D7D ke 8.1,3.2 Wil =B R bR, BB Bk o & A /s B DL
I BFNEE R D . _thl’;(?)ﬁ_&)ﬁ“%@ﬂ”ngﬂhﬁikL’CLi 5o L LAGFERRR A &3
%I D % Hiv A GG LBt o AT % X 5 BB L Tias. 1 o=
E?Mkubﬂéo%hMLBl@i;R%&&HML%7 DRY DBH Y E
Ao_&ﬁﬁmkﬁbfﬁkaﬁfﬂﬁbﬂkm o BAROL O LEL T HED
PP PR SR E L CHEY RIFR T3 I L 3BRL IR kT 5 —D0FE e
5D TH B,

=

4. %

il

FALDOMEE LTRER IS0 L EIIC X 5B X 5 4 0EREELIh, Bk
FHAEDOFERIAEOIE TR CIL ITE b O RBICED L 5 1B 5, K& % el
?é&LT%—&AmhﬁbémkGemW@?5%®kN?%Mm&%@ﬁ%%%k
AT S OREDR VXSS, BRSIIER TR BT L S RE
5o MBAEOHRO b OHEYH#EL D &u%mkﬂ?@~o@?&a%zanéo
AHENC B TR SRS 7o RS, B TIRRST 5, & OERIISrABeE
BRI X B,

& £ X W

(1) Proc. Phys. Soc, Vol. 67, P.636 (1954) Hogarth
Vol 66. P.845 (1953)



