38

1993% 18 HBFI2eHGE £ 308 Bw £ 1%

X 93-30B-1-5

BICMOS #=2] a4 x]dAzk mede

(Analytical Delay-Time Modeling of BICMOS Buffers)
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Abstract

A model for BICMOS buffer switching operation is presented. including the influence of
bipolar base transit time and collector-base capacitances. A closed-form solution for the
propagation delay-time is obtained assuming low level injection and channel velocity
limitation. For the high level injection case. the delay-times are numerically obtained
using effective current gain. These results are compared with those by HSPICE
simulation. which shows good agreement. It is noted that the collector-base capacitance

strongly affects the delay-time. The effects of voltage scaling are also investigated. which
shows the model can be applied for the reduced supply voltages.
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Fig. 1. Circuit diagram of BICMOS buffer.
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Table 1. Device parameters.
Coc'= Cge'= 0.01 pFuum
B, =100
Il; = 0.5 mA/um
Tox = 30 nm —# Co'=115nFicm 2
|Vipl =12  —% Vg =38(V)
v 7
r =10 cmis
E, (PMOS) = 50kV/cm
Ec (NMOS) = 20kV/em
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Table 2. Device parameters of MOSFETSs.

Parameter NMOS PMOS
VTO(V) 1.2 -1.2
KP(AV"?) 5.75E-5 2.3E-5
GAMMA(V®®)  0.354 0.354
PHI(V) 0.66 0.66
PB(V) 0.8 0.8
CJ(Fm3) 1.94e-4 1.94e-4
MmJ 0.5 0.5
CJSW(Fm 1) 4.0E-11 3.5E-11
MJSW 0.44 0.44
JS(Am ) 1E-9 1E-9
TOX(nm) 30 30
NSUB(cm"3) 5.E15 5.E15
XJ(um) 0.3 0.3
UO(cm/V-s) 500 200
UCRIT(kV/cm) 20 50
VMAX(kms ') 100 100
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Table 3. Device parameters of bipolar
transistors
Parameter NPN Parameter NPN
IS (A) 2E-17 VJE(V) 0.7
B¢ 100 MJE 0.44
NF 1 T, (s) 1E-11
IKF(A) 2E-3 VJC(V) 0.75
NE 15 MJC 05
B 1 VJS(V) 0.7
NR 1 MJS 05
NC 1.5 EG(eV) 1.1
Ry(W) 50 CJC(pF) 0.04
Re (W) 10 CJE(pF) 0.04
Ro(W) 100 CJS(pF) 0.05
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Fig. 5. Characteristics of output voltage

under high level condition.
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