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Abstract

This paper describes the CIREX (CIRcuit EXtractor), an automated CMOS circuit
extraction program which provides SPICE2 input file by computing circuit connectivity
and transistor dimensions from the CIF file. The CIREX also computes parasitic capacitance
and resistance which makes it a valuable tool for timing analysis and detailed circuit simulation
A lattice model is used to calculate the interconnection resistances and substrate capacitances
which can be replaced, as an option, by a node model for the worst case timing analysis of the
circuit.
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Fig. 1. Flow chart.
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a) Intra-layer connectivity check,
(b) Inter-layer connectivity check.
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Fig. 8. Generation of resistor tree and RC tree.
(a) Derivation of a resistor tree.
(b) Determination of capacitance and crea-
tion of an RC tree.
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Fig. 11. An example of a p-well CMOS two input
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switch — level

P-WELL CMOS D FLIP/FLOP

LTRAN 1.1NS 220NS

voD 4 0 DC 5

VCL 6 0 PULSE(O 5 25NS 15NS 15NS 35NS 90NS)

VCLB 8 0 PULSE(5 0 25NS 15NS 15NS 35NS 90NS)

VIND 2 0 PULSE(5 O 40NS 15NS 15NS 8ONS 150NS)
LPRINT TRAN V(6) V(2) V(5)}

-WIDTH OUT=80

.MODEL CN NMOS (LEVEL=2 L0=0.28U TOX=500.0E-10
NSUB=1.0E+16 vT0=0.8 KP=3.3£-05 GAMMA=1.36
PHI=0.60 Y0=200.0 RSH=25 UYEXP=1.0E-03
UCRIT=99900. DELTA=1.24 VMAX=100000. XJ=0.4U
LAMBDA=1.6E-02 NFS=1.2E+12 NEFF=1. NS$5=0.0
TPG=1.0 C(GS0=5.2E~10 CGDO=5.2E-10 MJ=0.5
MJISW=0.33 CJ=9.0E-05 CJSW=8.0E-~10)

.MODEL CP PMOS (LEVEL=2 1D=0.280 T10x=500.0E-10
NSUB=1.1£+14 VT0=~0.8 KP=1.5£-05 GAMMA=0.88
PHI=0.60 U0=100.0 RSH=50 UEXP=0.15
UCRIT=16376.8 DELTA=1.94 VMAX=100000. XJ=0
LAMBDA=4.7E-02 NFS=8.8E+11 NEFF=1. N53=0.0
TPG=-1.0 (GS0=4.0E-10 (GDO=4.0E-10 MJ=0.5
MJISW=0.33 (J=9.0E~05 CJSW=7.0E-10)

EXTRACTED MOS NETWORK
MOS0 .20E-05
MOS1 .20E-05
MOS2 . 20E-05
MOS3 .20E-05
MOS4 .20E-05
MOSS
MOS6
MOS7
. END

(5
(5
6)

E e+ 4

4y

+E e

*

20E-05
00E -06
00E-06
00E-~06
00£-06
00E-06
00c-06
00£-06

oOrNEF B WWeE N
—ma— oo
coormO RS

W O W

(c) SPICE input file

Flip flop2l o
Example of a p-well CMOS two phase
static flip flop.

ol node 2R E AT H2E

Sol A A2 YL T 4
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0.500 £ J[ ;\\ ]J \\ ,"'-,{]
0.0 ¥ - N
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0.0 0.1E-06 0.2E-06
Time (seconds)
(a)
5.50
5.00
4.50
400
T 350
£ 3.00
v 2.50
oL
s 2,00
2 150
1.00
(). 500
0.0
—500
0.0 0.1E-06 0.2E-06
Time (seconds)
(b)
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Fig. 13. Response of extracted circuit from fig. 12(a),

(a) Response without parasitic parameters,
(b) Response with interconnect parameters.
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