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Temperature Dependence of Electrical Characteristics of AlGaAs/GaAs Heterojunction Bipelar Transistors
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ABSTRACT o AHEH AFY AM GodoAMe HA AP

When the ideality factor of collector current of Thermionic-emission mechanism o ¢}&] F &l
AlGaAs/GaAs Heterojunction Bipolar Transistors (HBTs) is Ic = Ap A" T2exp(-q@u/kT) {exp(qVee/nkT)-1]
larger than unity, conventional leo/T? versus 1000/T plot used in A2 n& AYE AF ol Ao, o)L w
the determination of the barrier height of base-emitter junction ojz.dulE] A AZHE AYo) dnjEFa} wolx
of HBT was deviated from the straight line. We introduced the Fol Bojs= vle} §F8th % ¥ AlGaAs/GaAs HBT
effective temperature Ter as nT in the Thermionic-emission o A9 AF2 ol AAE 1.0 w$ 2kt o]
equation. The modified Ico/T? versus 1000/Te plot was on the A Ady AR AN 49E wola.dvlE HE A
straight line in the temperature range considered. The activation gtol 0 VEHIAAR aEtd 7o o 3} AYE AHF
energy obtained from the modified plot is 1.61 eV. The 2 HE AlGaAs/GaAs HBT 9 HjojXx-ofalg e
conduction band discontinuity calculated using this value was barrier height & 78 4 vt 2=y FdE A/ o
0.305 eV and this value is coincident with the generally accepted 4 QAAZE 1.0 2o € 9 AlGaAs/GaAs HBT ol & ¢
value of 0.3 eV. A AR ZAFA Ha, o] A4 dolg Fe HeE

7R AER AR dgte] 1 AL e orF HF

I A & stAl &=lA AT

1980 A =RE A& vlolEe EJAAH o] EEMe AHe AR ol AT 10
o vl&l u%oF FHAIE AlGaAs/GaAs ol F AY HE By § A% AlGaAs/GaAs HBT &} djo]=-cfuje] g
o]Z gt EAAZE|(HBT) ol B A7t &ds ey 9] barrier height & F-3t& Wil sty REsHCL
ojgrh olgt ZE 1n% 5HLE AlGaAs 9 GaAs kel F
A 4% Aol WS $$¢ 2, AlGaas onlE 9 L Az AF 2 &3
GaAs Hjo}& 7te] WE 237} A7) g vo]xF g AlGaAs/GaAs HBT & A2 stizdl Had oy
EEE $EF duESF 2d 34 & ¢ s A 7) & #7 8% 3% F2 (MocvDyg el s A A
gk oz dd Hol2F AY F dujElmolx ATk AlGaAs ) P|E & Si & 2.0x10”7 cm? , GaAs #lo)
AP 5% AAANE=E 722 AF F 0] 9 2%& C% 3.0x10” em?, GaAs BHEF L Si S 2.0x10"
Zojgh. 28y AlGaAs/Gads HBT+ AlHE -Holx A em® S EFAZ HS FE R AlGaAs/GaAs HBT ¢
T 7ol Edgo] & A, dvig-dolx A 2+ 9EEE Z1 9 2% 19 BNEAY. 4P AgS
o] Bagol & A, AlGaAs ol HA £F 4 DX AlGaAs/GaAs HBT ¢} @A 27]E 200x100 pm*0) 1, o
center ¢ W=7t & @HE Zk3n vk ojvfej-ol4 st e AHL 100x100 pm?olT). ¥ 1o]A FHE AF
AAY 7te) EhLo] &) i 2nE F7F Al7IY < HolA $1%o2 Fat LA o
Ze A9y AFAAM AF o]5o| ALsty Fad v %71 ¥ PR (non self-aligned structure) 2
oH1). AlGaAs/GaAs HBT £ B4A< wiAl o F 3} lift-off 33

duigl-golx  AEY % EBEE & urEste A3 &gk HPOGH0xH0 = 4:1:50 £
AlGaAs/GaAs HBT 9] H7]% EAdo] vlX o] 7] < InGaAs H%F 2ztoll A88HE 1, NHOH:H,0:H0 =
e a%S FAHsE o] uids] FosTh 2EE 20:7:973 €8E GaAs HF F AlGaAs o|vlEF 2| Ztof
WA 7)HAM  AlGaAs/GaAs HBT 9] Hioj2.dve] A% AH4-8191 2.9, HiPOsH02H0 = 4:1:50 942 GaAs B8
9] Agtel MmE o= HF 2 Y ARFE FH BE 2 4% EA4Ze] AHL8Rc) oelg R wojx
T R (Gummelplot) YutA o2 ALEH T Yt Wyol AFol TiPvAu FEAE AHSSHn, Fde A3
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Fig. 1. Schematic cross section of an AlGaAs/GaAs HBT

Table 1. Epitaxial layer structure for the preparation of
AlGaAs/GaAs HBT
Function Material InorAl Thickness Doping
Composition (A)
Cap| InGaAs 0.5 400 1.0 X 10%
Capll InGaAs 05-~0 400 1.0 x 10"
Cap it GaAs - 1300 3.7 x 10'®
Emitter | AlGaAs 0~03 500 5.0 x 10V
Emitter I AlGaAs 03 1500 2.0 x 10"
Base GaAs - 700 3.0 x 10"
Cofltector GaAs - 4000 2.0 X 10%
SubCollector GaAs - 5000 50 % 10'®
Buffer GaAs - 3000 -
Substrate S 600 pm -
GaAs
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Fig. 2. Gummel plots of AlGaAs/GaAs HBT

as a function of temperature
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Fig. 4. Arrthenius plot of AlGaAs/GaAs HBT
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Fig. 7. Current gain versus collector current

as a function of temperature



