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EECE 480, Assignment 4, 2011
HBT gain, £Ti, fmax
InGaP/GaAs HBT

o° o° o° o°

clear all;

g=1l.6e-19;

kT=8.62e-5*q*300;

Vth=0.0259;

h=4.14e-15*q;

m0=9.1le-31;

eps0=8.85e-12; $%F/m

$Material 1, n-emitter, In_61Ga_39P

%Material 2, p-base, GaAs

$Material 3, n-collector, GaAs

%0nly the properties for GaAs are needed in this assignment

mestar=0.066*m0;
mhstar=0.524*m0;

Eg=1.42*q;

eps=12.9;

NC=2* (2*pi*mestar*kT/h"2)"~(3/2);
NV=2* (2*pi*mhstar*kT/h"2)"(3/2);

ni=sqrt (NC*NV*exp (-Eg/kT) ) ;

vR=sqrt (kT/ (2*pi*mestar)); %m/s, use low-doping value F%w J} WQAJL t (fk;
svR=2-18e5 (250, j

$VR=I=25e5; 2.geS "

G e

NE=5el8*1e6; gm-3
NB=5el19*1e6;
NCC=1lel7*1eb6;

L=2e-6;

Z=2e-6;

WB=25e-9; $m

VBE=1.4;

VBC=-1;

mue=(8300.* (1+NB*1le—-6./(3.98el5+NB*le-6./641)) .7 (-1/3)).*le-4; %m2/Vs

De=0.0259. *mue; $m2/s

taue=(NB*le-6/1el0+ (NB*1le-6)"2/(1.6e29))"(-1);

muh=(380./ (1+NB*le-6.*3.17e-17) .7 (0.266))*1le-4; 3m"~2/Vs
VbiC=(kT/q) *log (NCC*NB/ni"2) ;

WBC=sqrt (2*eps0*eps* (VbiC-VBC) /g* (1/NCC+1/NB)) ; %Z

e e com e e &[G A 7 Lcieg;w4s
n0B=ni”2/NB; (e iv25eS
IC=Z*L*q.*n0B.* (exp (VBE./Vth)-exp (VBC./Vth)) ./ (WB./De+l/vR); A {«$ « Q2 8eS
e e e B e e e e e e e e

IBrec=Z*L*q.*n0B.*WB./ (2.*taue) .* ((exp(VBE./Vth)-1)+(exp(VBC./Vth)-1))./(1+WB./ (4.*VR.¥
*taue) ) ; %A :
IB=IBrec; 'COU(/qA .
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QA%
beta0=IC/IB 269 ;
Ymmm - small-sig params---------- L(_‘;i%'“‘% 3”" ‘J(\p,_)
2 gm=(L*Z*g*n0B/Vth) *exp (VBE/Vth)/ (WB/De+1/vR) ; lO"(o!,'F <SS
| CBb=gm*WB/2* (WB/De+1/VR) ; C’N H‘&) 06 =
Z- Cmu=Z*L*eps*eps0/WBC; PRI Cg g(U‘g)
CT=Cpi+Cmu; 32 GHz g(m(\p) Sl §
9. fTi=gm/(2*pi*CT); Sl et
$———-RBSp—————————————— ’{“S. &
Bres=1/ (g*NB*muh) ;
RBgnb=Bres*L/ (Z*WB) ;
Rb=RBqnb/12; F7-3 L
fmax=sqrt (£Ti/ (8*pi*Rb*Cmu)) ;
SO C/('Ht %‘7(%{\ B
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