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* rc.sp 
* Created  David_Harris@hmc.edu - 2/2/03,  
* Modified ctalarico@ewu.edu - 9/17/11 
* Find the response of RC circuit to rising input 

*------------------------------------------------ 
* Parameters and models 
*------------------------------------------------ 
.option post brief nomod 

*------------------------------------------------ 
* Simulation netlist 
*------------------------------------------------ 
Vin in  gnd  pwl  0ps 0 100ps 0 150ps 1.0 1ns 1.0 
R1  in  out  2k 
C1  out  gnd  100f 

*------------------------------------------------ 
* Analysis 
*------------------------------------------------ 
.tran 20ps 1ns 
.plot v(in) v(out) 
.end 
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Vdd vdd gnd 2.5�
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Vin in gnd pwl 0ps 0 100ps 0 150ps 1.0 1ns 1.0�

•� ����
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Vck clk gnd PULSE 0 1.0 0ps 100ps 100ps 300ps 800ps 

PWL t1 v1 t2 v2 …�
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Letter   Element 
R ���������

C ����������

L ���������

K 	���������������

V ���������������������������

I ���������������������������

M 	
����

D ������

Q �������������������

W ���� �������������������

X �����������

E �������!��������������������������

G �������!��������������������������

H �������!��������������������������

F �������!��������������������������
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Letter Unit Magnitude 
a atto 10-18 

f fempto 10-15 

p pico 10-12 

n nano 10-9 

u micro 10-6 

m milli 10-3 

k kilo 103 

x or meg mega 106 

g giga 109 
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* mosiv.sp 
* nMOS I-V Characteristics 

*------------------------------------------------ 
* Parameters and models 
*------------------------------------------------ 
.include '../mosistsmc180/mosistsmc180.sp' 
.temp 70 
.option post brief nomod 

*------------------------------------------------  
* Simulation netlist 
*------------------------------------------------ 
*nmos 
Vgs g gnd 0 
Vds d gnd 0 
M1  d g gnd gnd NMOS W=360n L=180n 

*------------------------------------------------ 
* Analysis 
*------------------------------------------------ 
.dc Vds 0 1.8 0.05 SWEEP Vgs 0 1.8 0.2 
.probe i(m1) 
.end 
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Mname drain gate source body type 
+ W=<width> L=<length> 
+ AS=<area source> AD = <area drain>  
+ PS=<perimeter source> PD=<perimeter drain> 
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* inv.sp 
*------------------------------------------------ 
* Parameters and models 
*------------------------------------------------ 
.param SUPPLY=1.8 
.option scale=90n 
.include '../mosistsmc180/mosistsmc180.sp' 
.temp 70 
.option post brief nomod 

*------------------------------------------------ 
* Simulation netlist 
*------------------------------------------------ 
Vdd vdd gnd 'SUPPLY' 
Vin a gnd DC 0 PULSE 0 'SUPPLY' 50ps 1ps 1ps 99ps 200ps 
M1 y a gnd gnd NMOS W=4 L=2 
+ AS=20 PS=18 AD=20 PD=18 
M2 y a vdd vdd PMOS W=8 L=2 
+ AS=40 PS=26 AD=40 PD=26 

*------------------------------------------------ 
* Analysis 
*------------------------------------------------ 
.tran 0.1ps 250ps 
.end 
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M1 y a gnd gnd NMOS W='N' L=2  
+ AS='N*5' PS='2*N+10' AD='N*5' PD='2*N+10' 
M2 y a vdd vdd PMOS W='P' L=2 
+ AS='P*5' PS='2*P+10' AD='P*5' PD='2*P+10' 
.ends.subckt inv a y N=4 P=8 
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.subckt inv a y N=4 P=8 
M1 y a gnd gnd NMOS W='N' L=2  
+ AS='N*5' PS='2*N+10' AD='N*5' PD='2*N+10' 
M2 y a vdd vdd PMOS W='P' L=2 
+ AS='P*5' PS='2*P+10' AD='P*5' PD='2*P+10' 
.ends�
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X1 a b inv N=4    P=8     *shape input waveform�

X2 b c inv N=16   P=32    *reshape input waveform�
X3 c d inv N=64   P=128   *DUT �

X4 d e inv N=256  P=512   *load�
X5 e f inv N=1024 P=2048  *slow down switching rate of e �
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* fo4.sp�

* David_Harris@hmc.edu 2/16/05�

* Modified C. Talarico 9/30/11�
•� Delay (typ) of FO4 inverter in TSMC 180nm process�

**************** Parameters and models�

.param SUPPLY=1.8�

.param H=4�

.option scale=90n�

.include '../mosistsmc180/mosistsmc180.sp'�

.option post nomod brief�

*************** Subcircuits�
.global vdd gnd�

.subckt inv a y N=4 P=8�

M1      y       a       gnd     gnd     nmos    W='N'   L=2�

+ AS='N*5' PS='2*N+10' AD='N*5' PD='2*N+10'�
M2      y       a       vdd     vdd     pmos    W='P'   L=2�

+ AS='P*5' PS='2*P+10' AD='P*5' PD='2*P+10'�

.ends�

************** Simulation netlist�
Vdd     vdd     gnd     'SUPPLY'�

Vin     a       gnd     PULSE   0 'SUPPLY' 0ps 20ps 20ps 220ps 480ps�

X1      a       b       inv              * shape input waveform�

X2      b       c       inv     M='H'    * reshape input waveform�

X3      c       d       inv     M='H**2' * device under test�
X4      d       e       inv     M='H**3' * load�

x5      e       f       inv     M='H**4' * load on load�

************ Analysis and Measurements�

•�.tran 1ps 500ps�
.measure tpdr                           * rising propagation delay�

+     TRIG v(c) VAL='SUPPLY/2' FALL=1�

+     TARG v(d)         VAL='SUPPLY/2' RISE=1�

.measure tpdf                           * falling propagation delay�

+     TRIG v(c)         VAL='SUPPLY/2' RISE=1�
+     TARG v(d)         VAL='SUPPLY/2' FALL=1�

.measure tpd param='(tpdr+tpdf)/2'      * average propagation delay�

.measure trise                                  * rise time�

+       TRIG v(d)       VAL='0.2*SUPPLY' RISE=1�

+       TARG v(d)       VAL='0.8*SUPPLY' RISE=1�
.measure tfall                                  * fall time�

+       TRIG v(d)       VAL='0.8*SUPPLY' FALL=1�

+       TARG v(d)       VAL='0.2*SUPPLY' FALL=1�

.end�
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* fo4opt.sp�

* David_Harris@hmc.edu 2/2/03�

* Modified C. Talarico 9/30/11�
* P/N ratio for equal rise/fall delay (typ)�

•�************** Parameters and models�

•�.option accurate�

.param SUPPLY=1.8�

.param H=4�

.option scale=90n nomod brief�

.include '../mosistsmc180/mosistsmc180.sp’�

*************** Subcircuits�

.global vdd gnd�

.subckt inv a y N=4 P=8�

M1      y       a       gnd     gnd     NMOS    W='N'   L=2�

+ AS='N*5' PS='2*N+10' AD='N*5' PD='2*N+10'�

M2      y       a       vdd     vdd     PMOS    W='P'   L=2�

+ AS='P*5' PS='2*P+10' AD='P*5' PD='2*P+10'�
.ends�

***************  Simulation netlist�

Vdd     vdd     gnd     'SUPPLY'�

Vin     a       gnd     PULSE   0 'SUPPLY' 0ps 20ps 20ps 220ps 480ps�

X1      a       b       inv     P='P1'          * shape input waveform�
X2      b       c       inv     P='P1'  M=4     * reshape input waveform�

X3      c       d       inv     P='P1'  M=16    * device under test�

X4      d       e       inv     P='P1'  M=64    * load�

X5      e       f       inv     P='P1'  M=256   * load on load�

****************  Optimization setup�
.param P1=optrange(8,4,16)              * search from 4 to 16, guess 8�

.model optmod opt itropt=30             * maximum of 30 iterations�

.measure bestratio param='P1/4'         * compute best P/N ratio�

*****************  Stimulus�

*.tran 0.1ps 480ps SWEEP OPTIMIZE=optrange RESULTS=diff MODEL=optmod�
.tran 0.1ps 280ps SWEEP OPTIMIZE=optrange RESULTS=tpd MODEL=optmod�

.measure tpdr                           * rising propagation delay�

+       TRIG v(c)       VAL='SUPPLY/2' FALL=1�

+       TARG v(d)       VAL='SUPPLY/2' RISE=1�

.measure tpdf                           * falling propagation delay�
+       TRIG v(c)       VAL='SUPPLY/2' RISE=1�

+       TARG v(d)       VAL='SUPPLY/2' FALL=1�

.measure tpd param='(tpdr+tpdf)/2' goal=0       * average prop delay�

.measure diff param='tpdr-tpdf' goal = 0        * diff between delays�

.end�
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* Corner.sp�

* Step response of uloaded unit inverter across �

* design corners�

******** Parameters and models�

.options scale=90nm�

.param SUP=1.8 *must be set before calling lib�

.lib '../mosistsmc180/opConditions.lib' TT�

.option post nomod brief�

******** Simulation Netlist�

Vdd vdd gnd 'SUPPLY'�

Vin a gnd PULSE 0 'SUPPLY' 25ps 0ps 0ps 95ps 200ps�
Mn y a gnd gnd NMOS W=4 L=2�

+ AS=20 PS=18 AD=20 PD=18�

Mp y a vdd vdd PMOS W=8 L=2�

+ AS=40 PS=26 AD=40 PD=26�

******** Analysis�

.tran 0.1ps 250ps�

.alter�

.lib '../mosistsmc180/opConditions.lib' FF�

.alter�

.lib '../mosistsmc180/opConditions.lib' SS�

.end�
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* opConditions.lib�

* Example of OPCONDITIONS library�

* TT: Typical nMOS, pMOS, voltage, temperature�

.lib TT�

.temp 70�

.param SUPPLY=‘SUP’�

.include ‘modelsTT.sp’�

.endl�

* SS: Slow nMOS, pMOS, low voltage, high temperature�

.lib SS�

.temp 125�

.param SUPPLY=‘0.9 * SUP’�

.include ‘modelsSS.sp’�

.endl�

* FF: Fast nMOS, pMOS, high voltage, low temperature�
.lib FF�

.temp 0�

.param SUPPLY=‘1.1 * SUP’�

.include ‘modelsFF.sp’�

.endl�

* and so on ...�
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.print P(vdd) 

.measure pwr AVG P(vdd) FROM=0ns TO=10ns 

.measure charge INTEGRAL I(Vdd) FROM=0ns TO=10ns 

.measure energy param=‘charge*SUPPLY’�
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