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(Area-Optimized Design of BICMOS Buffers)
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Abstract

A model for bipolar-CMOS buffer design is presented which offers a guideline for determining
device sizes based on speed and capacitive load. Closed-form solutions for area optimization are
obtained assuming high level injection and channel velocity limitation. The solutions and circuit
simulations show that the areas of BICMOS buffers are optimized by scaling the emitter length and
the channel width approximately in proportion with capacitive load.
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Fig. 1. Circuit diagram of BICMOS buffer.
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Fig. 2. Equivalent pull-up circuit.
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Fig. 3. Equivalent pull-down circuit.
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Fig. 4. Classification of-the three different regions
during pull-up operation.
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in saturation region.
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Table 1. Device parameters.

Cac” =Cag =0.01 pF/um
ﬂo= 106

lx=0.5 mA/um
Tox=30nm—’co' =115 nF/cm'
Vil =1.2=V,=3.8(V)
vi=10" em/s

Ec(PMOS) =50kV/cm
E¢(NMOS) =20kV/cm

L C.

Tnu=2.047ﬁ+3. 19m—[ns] (10a)
E

Toa=1.687 VEVE—+2. 89 JW%L [ns] (10b)
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Fig. 8. Time delay versus emitter length(Le).
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Table 2. Device parameters of MOS transistors.

Parameter NMOS PMOS
VTO (V) 1.2 —12
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
CI(Fm™) 1. 94e-4 1. 94e-4
MIJ 0.5 0.5
CISW(Fm™) 4, 0E-11 3.5E-11
MJISW 0.44 0.44
JS(Am™?) 1E-9 1E-9
TOX (hm) 30 30
NSUB (em™?*) 5. E15 5. E15
XJ (um) 0.3 0.3
UO (em?/V-s) 500 4. 200
UCRIT (kV/cm) 20 50
VMAX (kms™') 100 100

3 3. Bipolar®] 4 stetu]E
Table 3. Device parameters of bipolar transistors.
Parameter NPN
IS(A) 2E- 7

Br 100
NF 1
IKF (A) 2E-7
NE L5

Br 1
NR 1
NC 1.5
R (Q) 50
R: (Q) 10
Rc (Q) 200
VIE(V) 0.7
MJE 0.44
TF (s) 1E-1
VIC(V) 0.75
MJC 0.5
VIS (V) 0.7
MJS 0.5
EG(eV) L11
CIC(pF) | 0.04
CJE (pF) 0.04
CJS (pF) 0.04
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