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I. Introduction

High frequencyfi¢] transistorE ul57] ¢4+ transistor] base thickness7} gFofol kb=
Aol o ARE HEshA Halch o] 9FE based] layerE 7] $e] A & base layerd] diffu-
sion source 24 = ShE A28t} Fuller's works Germaniumel] ¢lo]4 = Group V donord]
diffusion coefficient7} Group III acceptor®] diffusion coefficient B.t} o}el] Fig.e} o] =Zr}l:=
AL 24k 24 R Gzl A diffusion sourceZ 4 Sb 3% F £3HEE In-Sb alloyE 4.0

ol Aol #3814 p-n-p transistors A 23 e},
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Fig. 1. Geol| CH3t 8H4F #= ;
o0 soN N{\vpo 000\ Jir-"c)
Il. Transistor Fabrication 0.85 0.90 095 1.00 1.05 1.10 1.15
103/1°C

Resistivity 0.8Qcmo] a2 {111 directron © & J% 4= p-type Germanium ingotE- v] I Eaglepicher
Industries, Inc.ol]4] 9] 8}¢] o] A& rectangular bar® cutting3l % 28p¢] AlOs¢} 16491 AlO;
2 2}# 2F# 2 lappingsla 2 # 649l Diamond, 3x¢] Diamond, 1¢] Diamond, 0.05.81 AlO.
2 z}#] 2F# & polishingslgl v}, 7 th-& o] polishing 3 o] A A 7] surface damageS ¢ ol 7]

— 510 —



ZobE ERAEHY AE D AoH 54

L W

98] 4] CP4Z Chemical etching2- #{ micronsdle] #J 200X 60X 15milsq]l Germanium waferS wl
£33 o] AL deionized water® 2 I
ol ¥}

source 4] = o] i

o] EH el n-type impurity diffusiongd $35le] o] A & [EZe
p-type Germanium wafer2} 7 A 2] ZYEHE Qlol] =¢] 2 n-type impurity
%3 8183]4boll 4 T3 Sbrt 2% &E= AuSb alloys} (FHE Qe o
AREE-L 750°C Al ZUEM Sl YolA 9 1hr. Fak Fohst 25°C7HA] coolingshd] v},
e &=+ 2xzAAd KA A control= ¢ g1},

o8 A4 HE diodes] A FHL e Aol AR Roleh

p-n-p transistor®] emitter2} base®] impurity source® 4= Sbr} 3% 474= In-Sb alloys} {i#
=gl diffusedled = layer+= sheet conductivity9} thickness24] A Ak=] ¢l 2= sheet conductivity
= 4 point probe methodE- % v}, Base thickness= Z{¥}¢] surface® #J (1/2~1°)¢ angle®
lappings}l i p-n-p9| junction®] 7 AE Vel 7] $15Fe] HF 50cce]] HNO; 1~2u}-8-8 doj =zl
ol 7Fu Al etchingdr # microscope® #0224 =3 31¢l vl HUfEX transistord] diffused layer
9] thickness®= (1.640.3) X107%cmo] ¢} 32 sheet conductivity= 200Q /cm?*¢} t}.  emittere: base
contact= aluminium3} gold-antimony alloy®] evaporation® 24 sl Al o] ZA 4 =le

Transistor®] 714 54L& o} Aol4 L=}
III. Electrical Characterization

(a) High Frequency alloy diffused method®] Diode$} Transistors] A 7]4d E4
1) Dioded] A 714 54
n-type impurity 24 Au-Sb(Sb 2% @&)E 44 =kE Dioded] #1714 54L& ole] o
el vkel 2ot o] zEEeA & 4 9=o| Diodeel] ¢leiA] Forward currentz} 0.05mA (504A)
9 ] Forward voltaget <F 0.62v A =2 1}elv} 9l 3 Reverse currentz} 0.05mA (501A) & i
Reverse voltage= 2.8v A To|t} (Fig. 2 3*x)

Table 1. Diode2| Forward?} Reverse voltage %! Current

Forward Volt 0.25 volt 0.4 0.53 0.58 0.62 0.65
Forward Current ‘ 10 pA 20 30 40 50 60
Reverse Volt ‘ 1.0 volt 1.5 1.9 2.3 2.8 3.0
Reverse Current i 10 ¢A 20 30 40 50 60

(b) p-n-p Germanium Transistor®] A 7|4 54

1. Alloy diffused methodel] #3814 #] 25l Germanium p-n-p transistor collector f{4:-& Transistor
Curve Tracer® JIFEIF FEF ofell Abxl3l o] S i)

o] ¥3t collector &

¥l 3l 5 forward current gain factor g =15

ot!

o HEMIRCE Yol Base BHS
4 gl
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Fig. 2. Diode2| EYH JH

obe] AFx1-& Transistor Curve Tracer® JlER AFAlo] v},

Z%: (0.01lmA/cm)
3% @ (1volt/cm)

Fig. 3. Diode2| Electric Charac-
teristics

u

ZZ% : Ic(lem®E 1mA)
% Vee(lem 1volt)

Base Step : 0. 05mA
Fig. 4. BaseE AJIHFE W5t
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&t mj Collectore] EA4T 4
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(c) Calculation of alpha cut-off frequency
Transistor®] performance® ik 3= parameter 7}-® 7H3 FHIEZF AY dhtE alpha

cut-off frequency fao]t}, ©] fat=

fgm—% D
=0 T nw?

o]
Fol| A ZEiH A9 Germaniumol] 4] hole®] 24l Al D,=44cm?/secg} depletion layerE

A48 22 collector to emitter thickness @;=3.0X107cm& fUAS fa=1.55X10°Hz
1

IV. Conclusions

Alloy diffused methodel] %314 Germanium p-n-p transistorS A Zslg e, 2 A3} p=150] 3
alpha cut-off frequency 1.55MHz A X EHEH ks vt oA Flifish Technique-$-
Zu] Refinementd 24 fa=10 MHz Ll 19 & o+ 2 &l Aol

o] Transistor: (&4 Furnacey} #E 5 22 ¢1x Ads L& HREE HHE

+
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VI. Summary

Germanium p-n-p transistors have been made, in which the emitter and the base regions were
produced by alloy diffustion method. Transistors with base layers (1. &+0.3) X 10 cm thick have
been made.

As starting material for a p-n-p structure, p-type Germanium of (.8() cm resistivity was used,
and as a source of diffusion impurity, In-Sb alloy including three percents of Sb was used.

The electrical characteristics of a transistor with a maximum j of 15 and alpha cut-off frequency
of 1.55 MHz are presented.

Refinements of the described techniques will be made possible to produce germanium transistor

with alpha cut-off frequency above 10MHz.
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