Lec3 Simulation with
HSpice

School of Micro-Electronics
TJU

Silu Cheng
silu.cheng@tju.edu.cn



Spice Overview

Circuit simulation backgroud

Circuit Structure
ouT

Physical Structure

+

Bem = ]

Circuit
Simulation
modeling

Tool

W o

gain

Behavior

'}
Electrical characteristic » f




Spice Overview

« SPICE : Simulation Program with Integrated Circuit
Emphasis

* Developed by UC Berkeley

 Numerical Approach to Circuit Simulation
 Circuit Node/Connections Define a Matrix

* Must Rely on Sub-Models for Behavior of
Various Circuit Elements
e Simple (e.g. Resistor)
« Complex (e.g. MOSFET)



Spice Overview

 Circuit Analysis tool for Simulation of Electrical
Circuits in Steady-State, Transient, and Frequency
Domains.

* Spice tools available: SBTSPICE, HSPICE, Spectre,
TSPICE, Pspice, Smartspice ...

* Most of the SPICE tools are originated from
Berkeley’s SPICE program, therefore support
common original SPICE syntax

* Basic algorithm scheme of SPICE tools are similar,
however the control of time step, equation solver
and convergence control might be different.



Spice Overview

What you should know before the simulation?
Basic characteristics
Circuit function
Status of the Circuit
Simulation Type
Input signal features
Interdependency and priority among the circuit
General structure and conventions to optimize the circuit



HSPICE Workflow

Heading-End Function

Post Treatment



Supported Analyses

Circuit level simulation and behavior simulation
DC Analysis

AC Analysis

Transient Analysis

Circuit Optimize

Noise Analysis

Fourior Analysis

Monte Carlo Analysis,

Parameter Sweep Analysis



3.2 Input File-Netlist File

Name

the net names each pin is connected to
the value of the device

(1)
V11010AC1 i
R1121K 2
R220 1K
C120.001U i
...... Vl@ R2 i




3.2 Input File-Netlist File §1k

V1

1ovpe (© |
. _ ~1VAC 1k § —L- Cl
(The Hspice netlist for the RC network circuit) : 0.001 uF
0

title ASIMPLE AC RUN Title line —

—_—

.OPTIONS LIST NODE POST  Optional conditions for simulate
OP |

— Analyses type
AC DEC 10 1K 1MEG "
PRINTAC V(1) V(2) I(R2) I(C1) Output file display

V11010AC1 Input stimulus
R1121K N

R2201K - Netlist description
C120.001U i

.END End line



3.2 Input File-Netlist File

Statement or Element

Definition

Title The first line is the input netlist file title.
MOES Designates comments to describe the circuit
.OPTIONS Sets conditions for simulation

Analysis statements and .TEMP

Statements to set sweep variables

.PRINT/.PLOT/.GRAPH/.PROBE

Statements to set print, plot and graph variables

AC or .NODESET

Sets initial state; can also be put in subcirciuts

Sources( | or V) and digital to analog inputs

Sets input stimuli

Netlist Circuit

.LIB Library

.INCLUDE General include files
.PROTECT Turns off output printback

.MODEL libraries

Element model descriptions

.UNPROTECT Restores output printback

.DELETE LIB Removes previous library selection

ALTER Sequence for in-line case analysis

.END Required statement to terminate the simulation




3.2 Input File-Netlist File

e No Zip file

e No more than 256 charactors.

e Superscript and subscript will be ignored.
e (+) :Continuation marker.

e (*) and ($) :Common line.

* must be the first letter of each line. S always follows a
complete statement, and has at least one space between $
and statement.



HspiceBY A——MZR I

« TRRFTEFE: tabtE, T, EF5, F5, H5
eI EVEE B 5 RE

KB EeN, Bl X1, Al V Fos HE X T B
ATHYTT BV

AL, B3

[ %E‘

'M_%9 D_&’ n—éli], U_%&’ MEG_HE, ,fﬁ”ﬁDCl |
2 10pF;

« A/ E] DLERS, filincl 1 2 10p




B IS 2%

S o4

o LA e = RSk FFH—R, HAE—C......
“FHEERIZ L “X” Tk

Tu 2 AL 16 F AT

§ AL

R KEANET 16, VBRG] ST R4
AR/ GENES SR FL E

HRAFIHTHIRFSITME: & ! %

i i AJ LUIE TS . GLOBALIE f1] & MBS Bk A ¥ FL BRI 42 ] 1 s
.GLOBAL nodel node2 node3 ...

nodel node2 node3#P2&4m T AL, U0 Y5 A 4 44
o5 E0, GND, GND!, GROUND {384 &b Bafr 3y A

S TUFiER]: AFR SRRSRED SR RTERRT A SHUE
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e . END iE4]
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3. 3as1FENX

TR
LENIERE
Rxxx nl n2 <mname> <R=>resistance <AC=val>
FELPHAE AT A SRR . il

Rterm input gnd R=’sqrt (HERTZ)’

Rxxx 9 8 1 AC=1el0 HHFHIRKEY, =Sy FH Ale+ 108K
L

Cxxx nl n2 <mname> <C=>capacitance

3
o0

#5l, Cload driver output 1.0e—6,
oH K

] AT

ExxxnnlTn2e <E=> rnducsaiice



S1EE N
BIRS

':*&%ﬁ:

DXXX N+ N- MNAME<AREA> <OFF> <IC=VD>

AT : AREAZ JBI RN 75  OFF& ELJ7 27 T r I 8746 55 1F,  1C=VDAEIbF
BSBNEG F P ZE 0 1 274 B B T I PR 2 o

o XUAN AR P AR

QXXX NC NB NE <NS> MNAME<AREA> <OFF> <IC=VBE, VCE>

NC. NB. NE. NSHHEEBIR. R KHTHRAAEC T r, HEHINSEE

H. JTIES R E A,
« JFET:
JXXX ND NG NS MNAME<AREA> <OFF> <IC=VDS, VGS>



S1EE N
BIRS

*MOSFET :

MXXX ND NG NS NB MNAME <L=VAL> <W=VAL> <Other options>

WA TCIEERN, NDv NG NS. NBZTEN W JRAIRTJE At MVAME
AL, LR, WAAET

VCC

2 WU —Fﬁi%ﬂﬁ\CMosfi*H%M%%: vee C"‘) M1
...... - {il‘:_ W/L=20u/1u
M2 out in 0 0 NMOS W=20u L=1u T o

M1 out in vcc vec PMOS W=20u L=1u

; + M2
...... VIN (_) —IE W/L=20u/10 =] OAD

0. TopF

%



a0 il \

s lHIE X

T HERIEH]:

¥ HLEE E X OTURTE f)

. SUBCKT SUBNAM <nodel node2...> <parnam=val--->

Hrp, SUBNAMAFHLES4, nodel.. N FHEEINTWRS, ARENEF. FTHEVHTRS
(Bp¥eth D) , #8404, BEAEKUEHSRRHME, 77URSMBERIHHE .

f . SUBCKT OPAMP 1 2 3 4

« THKAILIER

. ENDS <SUBNAM>

GIEH THEES, RNz THEEE XSGR HRA, RarA THREE X4,
] . ENDS OPAMP

« T HESEHIEA

Xkt <nodel node2 -++> SUBNAM

R e b



1 FE BT FH 25451

TN THI A2 FH AU T %5491 1 CMOS S FH 2% 40 B 1) = 2% [ AR

AR HER R .

.global vdd /N

SUBCKT INV IN OUT wn=1.2u wp=1.2u
Mn out in 0 0 NMOS W=wn L=1.2u

Mp out in vdd vdd PMOS W=wp L=1.2u
.ENDS

X1 IN 1INV WN=1.2U WP=3U

X2 12 INVWN=1.2U WP=3U

X3 2 OUT INV WN=1.2U WP=3U

CL OUT 0 1PF

VCC VDD 05V




a5 1FIE X
WA

JHALYR: HEIR—V, HERE—I

Mo ooes ik n— <<KDC=).dcval > <AC=ag¢haz, i<acplidse>>+ <M=wal
%1, V110DC=5V B V1105V

1110 DC=5mA B, 11105mA

AR V110AC=10V, 90 g & 10v, AHAZ N90E
T HEIE: V1100.5vAC=10V, 90 B i/ & £0.5v
or

Vxxx/ lyyyint n—.&Ltranfuny T+ <W=veill:

tranfun: BESH/EJEEXP, PULSE, PWL....
Mzval>ZFEn H BT BIRIR 121 -
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Z

: VPU 3 0 PULSE(1 2 5N 5N 5N 20N 50N)

FILE FULYE .9F TEGT OF PULSE
1-AFRY1 16:50: 7

Eoothimloro oo b bone bome hin gt 1

a0_0oN t0.0M 7O0.0ON
TIKE CLIND TE.0M




a5 1FIE X

ALY -
‘E§Zﬁ2ﬁ:
Meocdinen s SINGK (O vo va {freq <td @t oDo> >
vO JRME
va R 2
freq R
td FEIR Bt [H]
0 fH Je K+
o PN REIR




D}D
0/0

;
<<

CEIR

Time=0~td

vO+va-sin(2ne/360+Time )

Time=td~ Bz A4y

BT HR 45 R ]

vo—+ va Exp[ -(Time-
td) X0 ]-

Sin{2 & [freq(Time-td)+
¢0/360]}




LE%‘Z/ ZfEZ:QWJ

#: VIN 30SIN (01 100MEG 1INS 1e10)




a5 1FIE X
BRI

ALY

o BRI

ol @ En ] G0 v2 13 v3een > R GEechean el lilsdel ay > D
viztim ZIBME, B RS IR Z A {EETE, repeat 2 TR E B KI5
s delaysg SEIRI TA]

- FREUE:

EXPL (D vl v2i<idli<ul "<ud2: Ge e s iy

VIENIUAE, veelg(d, tdle BFHSEiRmt e, t12 LARHEE, 22
I BRI ] 2L



565 ) 2R 50 0 A4 4

F D SOFH 2 B 1) P 3%

SUBCKT INV IN OUT wn=1.2u wp=1.2u "
Mn out in 0 0 NMOS W=wn L=1.2u

Mp out in vdd vdd PMOS W=wp L=1.2u
.ENDS

X1IN1 INV WN=1.2U WP=3U
K21l 2 INV WN=1.2U WP=3U
X32 OUT INV WN=1.2U WP=3U
CL OUT 0 1PF

VCC VDDO5V
VIN  IN O PULSE(O 5V 10NS 1N 1N 50N 100N)

) D@ out




3.4 SBIHIRH

AREIFSIH T — RITRIRE, Fam FAREudeE
TFHRIARZH, S TARREK T, ZHHESHE A
Rl 7%

s — RN N T —2TeE, AFERITTH AT PAKS B[R — 1
M, KSR BUa TR E, HSHEL
(K1, — BB RIS EER T B 4 H
o BRI B ) i — 2% 2. MODEL 5| S RI UL BB ). B4
BRRE — 2T




D}O
040

iz

TR AT XA SH BRI

e HHAA! (wire RC) :
.MODEL HiZi44 R keyword=value

NOISE, RX: #EEZ=4, inr=SQRT (NOISE -4KT/R),
u%ﬁgzzinﬁ-RXZ

o H T
. MODEL ®i%i44 C parameter=value
o FHJEABLATY
.MODEL #5#Y4Z 1. parameter=value



Capacitance Parameters

Name(Alias) Units | Default | Description
CAP F (0] Default capacitance value
CAPSW F/m 0O Sidewall fringing capacitance
COX Fim? |0 Bottomwall capacitance
DEL m o Difference between drawn width and actual width
or length
DELeff = DEL - SCALM
Dl (8] Relative dielectric constant
L m 0 Default length of capacitor
Lscaled = L - SHRINK - SCALM
SHRINK 1 Shrink factor
TC1 1/deg 0 First temperature coefficient for capacitance
TC2 1/ 0 Second temperature coefficient for capacitance
deg®
THICK m 0 Iinsulator thickness
TREF degC | TNCM Reference temperature
wW m (8] Default width of capacitor
Wscaled = W - SHRINK - SCALM




qp
0/0

s

A PR aAF FIAR R U B — ANLEVELZ 8, A [RIRILEVEL
Xk LA R FRTRS B

AREE, BFEST ARE . Schottky. fEY HIAS

.MODEL #5%!4%2 D <LEVEL = val> <keyword = val> ...

e nongeometric junction diode: LEVEL=1
HEE. A, HRSH

f#1: .MODEL D D (CO=2PF, RS=1, I1S=1P)
.MODEL DFOWLER D (LEVEL=2, TOX=100, JF=1E-10, EF=1E8)
.MODEL DGEO D (LEVEL=3, JS=1E-4, JSW=1E-8)

e geometric junction diode: it HIH ks (LEVEL=3)
&g ZRERILZSE

BENRBADS KNS HES. OPTIONSHIREEES



0}0
0/0

s

«BJTH Y.
MODBEL Snname NPN <O <pnamel =Swall> | <) >
or
. MODEL mname PNP <pnamel = vall> ...

PRI H MG ELEVEL, Ui BB AR R, AN F A A
AR S5 5.



0}0
0/0

AL

e MOSARAY .
. MODEL ##Y44 PMOS <LEVEL=val> <parameters>
. MODEL,L %444 NMOS <LEVEL=val> <parameters>
LEVEL=1 ¥ HTHTFHE, KEK. HEER
LEVEL=2 #E/XZUMOSFET
LEVEL=13, 39, 49N i, FE/E . R g



MOSFETH5 4 5 AH 25 441

f5]: 1.2um CMOS T. ZMOSE SPICEfR B! :

.MODEL NMOS NMOS LEVEL=2 LD=0.15U TOX=200.0E-10 VTO=0.74 KP=8.0E-05
+NSUB=5.37E+15 GAMMA=0.54 PHI=0.6 U0=656 UEXP=0.157 UCRIT=31444
+DELTA=2.34 VMAX=55261 XJ=0.25U LAMBDA=0.037 NFS=1E+12 NEFF=1.001
+NSS=1E+11 TPG=1.0 RSH=70.00 PB=0.58

+CGDO0O=4.3E-10 CGSO=4.3E-10 CJ=0.0003 MJ=0.66 CJSW=8.0E-10 MJSW=0.24

.MODEL PMOS PMOS LEVEL=2 LD=0.15U TOX=200.0E-10 VTO=-0.74 KP=2.7E-05
+NSUB=4.33E+15 GAMMA=0.58 PHI=0.6 U0=262 UEXP=0.324 UCRIT=65720
+DELTA=1.79 VMAX=25694 XJ=0.25U LAMBDA=0.061 NFS=1E+12 NEFF=1.001
+NSS=1E+11 TPG=-1.0 RSH=121.00 PB=0.64

+CGDO0=4.3E-10 CGS0O=4.3E-10 CJ=0.0005 MJ=0.51 CJISW=1.35E-10 MJSW=0.24



ELL o i B RS

Simulation Experiment
DC Transient AC
Op. point Sweep analysis DC-related AC Monte Carlo
smulation small-signal analysis analysis
SENS
TF
Pz
Options: | Tolerance Matrix Convergence Limit
ABSI i CONVERGE  GMAX RESMIN
ABSMOS NOPLY CSHDC GMINIX:
ABSTOL PIVOT DCFOR GRAMP
ABSVDC PIVREF DCHOLD GSHUNT
KCLTEST PIVREL DCON [CSWEEP
RELI PIVIOL DCSTEP NEWTOL
RELMOS SEARSH DCTRAN ~ OFF
RELV NOTO! DV
RELVDC

Figure 9-1: DC Initialization and Operating Point Analysis
Simulation Flow



3. 5T A EERIE S

e OP+edl {E 53 M7

SLER XA — S H RSN S 4 5 TAE R E
5 BHER. FSTIFE

« —IRMEARMEEEZIEFEETTEER L/EA.

* .op timeF = — I ZI 1 - 28344 0 B YR IR ES

« .op vol timed&—If ZI| frA 19 AU K .

* .op cur timeZt— 5 ZI| Fr A #& 44 A1 FE YR B0 FEL AL

« BOMNIRES: acHl.dea 2 #las TAE &, tranBRIART 6] 20




AFEABAIED

.DC: Bt
fEBE M, .DCIEA] AT

HiZHUE A+
b%ﬁ@ﬁh
c. VL FE 9
d. PATEIMZE S RZ ot (BENLHEAD
e. SCRCELIR B4
f. 58 A B B AR A




ANKEF K F LR R
v 7|<ﬁ = i—@ l7|T =) /@
o .DCiEA) B NEGR T SER N T E, THAH 17— M A%
(1) B E iR S8
.DC var1 startl stopl stepl/<SWEEP var2 type np start2 stop2>
1) XSHMSCIRFARET, vary R4, mAET S 4
2) TREIBHRFEEIE . SR 4,
f: .DCVin050.1
.DCVin50-0.1
3) FEEXTMAENER, 5P ZIME
4) SWEEP/EIAA &R L L. HRIURE ST E
* f§: .DCxval 1k 10k .5k SWEEP TEMP LIN 5 25 125
.DC TEMP POI 5 0 30 50 100 125
X B AT S AH 28 85 1 EL R PR
VIN INO
.DCVINO5V 0.1V (MovEl5v, £+0.1v)




ELIL I3 2845

Bl: 73 S oAH # B I ELRUAR By 1 A AR R

.global vdd I 1
SUBCKT INV IN OUT wn=1.2u wp=1.2u

ENDS

X1 IN 1 INV  WN=1.2U WP=3U
X2 1 2 INV  WN=1.2U WP=3U
X3 2 OUT INV  WN=1.2U WP=3U
CL ouT 0 1PF

VCC VDD 05V

VIN IN 0

.DC VIN 05V 0.1V/SWEEP TEMP -20 80 1
.OP

s
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AT B

Simulation Experiment

¥

¥

.

Time-sweep
simulation

MU

DC Transient AC
(] [ JFour FFT
Options:

Method Tolerance Limit
BYPASS ABSV=x RELO-x AUTOSTOP IMAX-x
CSHUNT ABSVAR=x RELTOL BKPSIZ NN =x
DVDT ACCURATE REILV=x DVTR=x IT1.3-x
GSHUNT BYTOL-x REINAR-x FS=x Ii4=x
LVLTIN —x CHGTOL=x SLOPETOL-x FT=x ITL.5-x
MAXORD - x DELMAX=x TIMERES GMIN=x RAMAX-x
METHOD FAST TRTOL-x RMIN=x

: MEBYPASS VNTOL VELOOR

Figure 10-1: Transient Analysis Simulation Flow




DTSRG T — — B0

o Wik Z5 o M A 5 I R IS L BRI 20 BT . HSPICE FE7EAT
BES AT IN B e AT B TAE S0t JREL N WIan 5%
PE e HEAT B 0, BRARFE TRAN & &) R A2 T UIC
Z4, WTRAN TEEJBEATH S 0 MRS, ANIC TE &) RIE
(R B s P IR AT

EERRE, X TR BB A MG S, [
NERARE TR, FrUAEBS I, 2SR 65
Bl EE AT W, XS G ET A Re it AT B TAR it
L




A AERRSRE ) —— S

— AT
. TRAN varl START=startl STOP=stopl STEP=incrl
or
SR emiNtEsiop ] <tincr2.tstopZilmesiner NristomNy
+ <START=val> <UIC>
SR IR, Z A5 AR T8 A2 Ha tR T DRI %1 i, THEL RIS [R] 25 K
hspice H C#kE. VICZHERRM . ICIER)TEE T S ATI81E -

f5]: . TRAN . INS 25NS INS 40NS START=10NS
0—256ns, #K0. Ins, 25ns—40ns, K 1ns: M\ 10nsTFa8% 45 51 ,



SINTABLRSATE D — — BRSO

o [T AT WA AT —3 43, HSPICE fEtstop—fperiod %tstop
FR B ) (B B PN R AT A2 H- 234, tstop mt & TRAN iEf) o i) 2% 11 [a]
M fperiod & {8 3773 #7 A 3 401

o AL AT A T MBS S RAER 2], R HBIBES 2 a0t
2% LIS [B] TSTOP 2 Hif B 240 1) — A B . (N2 53 B s [B] 22 TSTOP —
(TSTOP—1/fperiod)=1/fperiod, Ht/&¥l, WA 2/ DERRE1/
foeriod. fEALM AT BEREAS 2R, DC o EMEE2 2259 IIE

(XMATE) -



<

SFETISRIEE —

Fourier4r#t:
BTSSR ov] KovZ fov3iine e
Freq— &M, ovl, ov2 e+ « « —iiHAE
i
CMOS INVERTER
M12100NMOSW=20U L=5U
M2 2133PMOS W=40U L=5U
VDD 305
VIN 10 SIN 2.5 2.5 20MEG
.MODEL NMOS NMOS LEVEL=3 CGDO=.2N CGS0O=.2N CGBO=2N
.MODEL PMOS PMOS LEVEL=3 CGDO=.2N CGS0O=.2N CGBO=2N
.OP
.TRAN 1N 100N
FOUR 20MEG V(2)
PRINT TRAN V(2) V(1)
.END




-/

Il

fourier components of transient response v(2)
dc component = 2.430D+00
harmonic frequency fourier

normalized phase
no (hz) component component (deg)
1 20.0000x 3.0462 1.0000 176.5386
2 40.0000x 115.7006m 37.9817m -106.2672

3 60.0000x 753.0446m 247.2061m 170.7288
4 80.0000x 77.8910m 25.5697/m -125.9511
5 100.0000x 296.5549m 97.3517m 164.5430

6 120.0000x 50.0994m 16.4464m -148.1115
7 140.0000x 125.2127m 41.1043m 157.7399
8 160.0000x 25.6916m 8.4339m 172.9579
9 180.0000x 47.7347m 15.6701m 154.1858

total harmonic distortion = 27.3791 percent

LSS 5T 455

normalized
phase(deg)
0.
-282.8057
-5.8098
-302.4897
-11.9956
324.6501
-18.7987
-3.5807
-22.3528



DTSR EIERE O——Am T

. AC:
— R AT -

@ e T start Tstop (SWEEP e star e stop inct>
or

e g dstaint Tstop (SWEEP l@rvtynetnplisivart
stop>
or

ACvarl START = startl SEOE=won] STEP = 1ncrl

f5i]: .AC DEC 10 1K 100MEG 1kHz-100MHz, 51015 410/ KA 1
DEC — i il i¥) (decade variation)

OCT —/\# il '] (octave variation)

LIN — Ze 2 ] (linear variation)

POI — %] 5] (list of points)



DTSR B EE T—AM DT

ol P I3 AT
FH R T B8 A A0 80 T 75500 i M 71 st T 52 M) 2t L33 7 AR IR
Al SERN. ACTE R HILE S AR 1T, MNAE. ACT i Z Ja o
.NOISE ovv srcnam inter
Ovv—#itH 40 &, srcnam—#jAJR, inter—A=R[E][F
. title ac sweep example
.OPTIONS POST
R1inl5
C11 0500pf
V1IN OOAC=10V,37
AC OCT 101 100MEG
noise v(1) v1 20 — — L R R A IS O, MR RS YR AV L
.END




Lis3CAF rhar Hi F e = o A 45 2R

1 *****x Star-HSPICE -- 1999.4 (19991220) 22:12:12 04/16/2002 pcnt
*hkkkkk
Ltitle ac sweep example
*Hx&** noise analysis tnom= 25.000 temp= 25.000
*khkkkkk
frequency = 1.0000 hz
**** resistor squared noise voltages (sq v/hz)
element 0:rl
total 8.233e-20

rx 5.0000
**** total output noise voltage = 8.233e-20 sq v/hz
= 286.9260p Vit hz e 5 25 S 1
transfer function value: 'L‘H HET%FE EE, E%D
VM = 1.0000 2 B NS
equivalent input noise at vl = 286.9260p /rt hz ﬂ;f‘gﬁ.'? EEE

**** the results of the sqrt of integral (v**2 / freq)
from fstart upto  1.0000 hz. using more freq points
results in more accurate total noise values.

**** total output noise voltage = 0. volts

**** total equivalent input noise = 0.



G Bt

S

HE X4
7E FE S 5

K24

124

Z5 M ZHUUESZR (DATA) ;

75 17
R

A7 H

10 ADATA=datanam, 55 SE06

H3R.



Z A A~

title ac sweep example
.OPTIONS POST

500pf

.param cv

R1inl5

Cl1 Ocv

V1IINOOAC=

CaTTy FEw o =aToA

N~
®
>
o
—

m
o
©
..L_ =
w :
= Q Q S
S e =S
CTCoc®moOma 2

cv_table

AC OCT 10 1 100MEG sweep data

* PRINT ac V(1)

.END




INTREL

'?ﬁﬁﬁ\*ﬁ:
5 EHRBES oS LasaiH: 4l
U 5 FH 2 B I A R P L P 4

MED

VIN IN O PULSE(O 5V 10NS 1N 1N 50N 100N)

.TRAN 1N 200N sweep temp 0 125 20

.PRINT V(OUT)

.END
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B 25 00 M it AT 21k -

OITEREEMET - i
va a \'

Wﬂlﬁﬂ: vb b 0 pulse(0 5 1n 0.1n 0.1n 5n 10n)
i &5 43 A I W AR 1S )
. IC varl=vall <var2=VAL2> ¢ o -

o 5 i HL R AT 46 2R A 15 e T A h
. NODESET varl=vall <var2=VAL2> e « -

AT B 2 a2 R O RSELIN 1141 75 2245 AT AR A0 2%

IC v(i)=5v v(out)=0v
.tran 0.1n 20ns

Bl: 7 RS v B 3

EEARAL S AR

va a0 5v G :

vbb O : e i
.dcvblin1005

Aest Rin E I

.nodeset v(i)=5v v(out)=0v Ik
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o ¥ TEA) EhspiceI AR fr 243, 5 Fhspice®
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F
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. 1lib Kfilepath>filename’ entryname

B R RYE S BRI SO & R H — A s, — oz Ui E R
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B . 1ib ‘MODELS’ cmosl
MODELS 44

. MODEL CMOS1 nmos ---



k== Ny
T F]“lt:] @
» . PARAM iEH]
TSN A o 2~
CPARAM Kparametername> = | ‘<Expression>

f5il: . PARAM width = 20u

PARAM length, = ° sqrt (width) *1 {65
Ml 3 2 0 0 NMOS width length
. DATA iEH]:
25— M HH A
5. .DATA D1 width length RL

+ H0u 20u 1K
i 60u 10u 10K
ol 100u 25u 1K

. ENDDATA
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o . GLOBAME 2=
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GEOBAlLLparametername  (XX)
f5]: . GLOBAL VDD
. GLOBAL VSS

o VE: FIRIERISIERTE a4 NXXE T SOEEESR, AETH
% B TH )79

e« Global K H 48 ANy, — AN AR EEL YR 2 X G lobal
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o. OPTIONS:
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node: FIHATT B o im s, (E T B

post: & EPE 0] IME R AvanWaves W% (B 20 3iE % 3 2lpost
processor) ;

list:  ZH eHAIER;

MEASDGT: . MEASUREE f) 4 H IA S8 7 2

5. . option post probe
HN%L. probeif: &) AR &= .
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5 iﬁﬁl‘iljlg/@ -
o . PRINT: 7E5a HH B 1 i st XA AT ENELF I 70 45 2R,
i 5. OPTIONS 945 POST I [7] i) %y 4 #llpost—processor
+
o . PLOT: 7E5a0 HH B9 1 i st XA AT B HE R By i 2 (HH
ASCITZAF4H ) , tnR. OPTIONSH A POST Ml [&] st 44y 1
Flpost—processor¥,

* . GRAPH: ARl T4TEIMLEPostScript# T H & 70 #

Zh 2
- . PROBE : 8 2445 %y ! Rllpost—-processor, A H 2
list adee

» . MEASURE : % HH F 77 58 L r 5 B Blmt 0348, 4
B OPTIONSH & POST I [7] B} % 4 #llpost—processor .
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. PRINT:

BRIENY it vpe ovl <ovZ .. €io
Antype — AC/DC/TRAN;

Ovi: mHETE, JUAMTER:
V (1) TRIFAEYE, v (1, 2) 1. 2E/8HE, V (R1) BHERIFHEE;
VM (1) vIgyfg{E, VR (1) VvIEgyEHEB, VI (1) VIREHR, VP (1) vl
F9ME4L, VDB (1) V1p4 DUE;

(B SRRl )



5 Tunt aatiil

» PLOT - 7E% Hi 5 3R 3T i A 70 BE R I R

REQIEaRype ovl <(plol,phil)> ... tov32—
+<(plo32,phi32)>

(plol,phil) —ov1Z: R TR .
» .PROBE % t Bl TE 345 (B A 7 3 H 57122 3048 A
.PROBE antype ovl ... <ov32>
TR RG] A .
BJT: 11(Qx)-Ic, 12 (Qx)-Ib, 13(Qx)-le, 14(Qx)-4 & HL I ;
MOS:11(Mx)-1d, 12(Mx)-1g, 13(Mx)-Is, 14(Mx)- J&E HLIf -




5 Tl
« MEASURE:
B DL E AR
* Rise, fall, and delay
* Find-when
 Equation evaluation
 Average, RMS, min, max, and peak-to-peak
* Integral evaluation
* Derivative evaluation
* Relative error

» MEASURE <DC|AC|TRAN> result TRIG ... TARG ...

Result/2 M & 45 14 %, TRIG ... TARGERIEL --H 1k, S
SN EAME, XACHITERME, MDCHE &DCHAAL
=, itargetfEtriggeriud LART RI1A, 25 RME 2 M.
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11T i )
.MEASURE:
*Rise, Fall, Delayf&z:
MEASURE <DC|AC|TRAN> result TRIG ... TARG ...
Result— il & 45 14 %, TRIG ... TARG —#24f -1k (K94 N BEASE A
el P -
«  TRIGHITARGHI#%

TRIG trig_var VAL=trig_val <TD=time_delay> <CROSS=c>

+ <RISE=r> <FALL=f> 8¢ TRIG AT=val

TARG targ_var VAL=targ_val <TD=time_delay>

+ <CROSS=c|LAST> <RISE=r|LAST> <FALL=f|LAST>

trig_varfltarg_vartg €5l K& &; valig ETF. NRE. BRI T 5
time_delay#5 H 26 =i B fBf (8] &; CROSS, RISE, FALL 73 7145 H 44
fib R LAST 6B 3 5 Ja — K
51 .meas tran tdlay trig v(1) val=2.5 td=10n rise=2
+ targ v(2) val=2.5 fall=2



T35 SORH 7 B P it ) S 35 I ]

TITLE 1.2UM CMOS INVERTER CHAIN
INCLUDE "models.sp"

X1IN1 INV WN=1.2U WP=3U

X202 INV WN=1.2U WP=3U

X32 OUT INV WN=1.2U WP=3U

@LOUnr 0 1PF

VCC VDD 05V

VIN [N OPULSE(0O5V 10NS 1IN 1N 50N 100N)
.TRAN 1N 200N

.measure tran tdelay trig v(in) val=2.5 td=8ns rise=1
+ targ v(out) val=2.5 td=9n fall=1

.END



% 2 [ Chain.mt0 SC 44 _ p—
$DATA1 SOURCE='HSPICE' KESRIRERIREEIENE

........................................................

VERSION=11999.4 L
TITLE ‘title 1.2umcmos e e e
Inverter chain’ N RN N
tdelay temper alter# - - — | ....... -
9.121e-09 25.0000 1.0000 HEEEIEEEINEEERIEERIEEED
FEIR9.121ns

Aitle |2 onos iowerter chain
|

"""""""""""""""""""""""""""""""""""""""

................

GO 11 S i D 1 S | S S}
Tine (L) (TTHE)




HspiceBV%aiH
- MEASURE:
Find—Whenf& =
MEASURE <DC|TRAN| AC> result 21 < RISE=r | LAST >

+< FALL=f | LAST>< CROSS=c | LAST >

4. WHEN out_var = valB{WHEN out_varl=out_var2a¥ FIND
out_varl WHEN out_var2=valE{FIND out_varl WHEN out_var2 =
out_var3

Bl: ELEESHIR N —5]:

.measure tran ttrans when v(out)=4.5v

SR Kyt PR B 2145V A S 221, D i Y SO Fchain.mtO g T

$DATA1 SOURCE="HSPICE' VERSION="1999 4"
TITLE "title 1.2um cmos inverter chain’

tdelay ttrans temper alter#
9.121e-09 1.262e-08 25.0000 1.0000




AT DR

- BT DhFE

print/plot <dcE¥tran> P(element) power

Hodr, power SCBEA] FH R TH GBS HLBR I D
] .print tran P(M1) P(Vin) P(Cload) Power

*1X B TR S 0 B BUE IS A T B IS ThFEEERAS
IIFE

 SIHTACE

.meas tran pload avg p(IRL) from=700u to=800u

XA E A A2 I 5 700u~800uiX — BRI H] U RCR,  IRLAE %l
;Ij\gﬁ%ﬁ, AVGHERF), RZEZ M EWIDFERR L
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Hspice Graphic Tools: Awaves

Awaves

Menu

- Awaves Window

Toaol button waveform
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Data names




Hspice Graphic Tools: Awaves

Awaves - Awaves Window

menu Tool button wavetorm

b ST SRRyl TS T e e,
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Awaves- Open Design

File list order

Open Design
To pﬂth e History  Special View Filter |
W input | ila tv 1S
M8 File type to list
[iep == /W Raw output %
Cid ‘s _}{ £ aad.2 N Measures J
(T aad.4 1 an Files
. . ] aaaa.sp ; . e cr1ffa
File list | S—— Options... Set file suffix
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=1 ] alter?.sp
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open:
|
1 Pty | Cancel Help




Awaves-

Analysis type
in design

[nstance name
and hierarchy

Set X axis

Result Browser

Results Browser
Design: | D0: fusers2fcichwjhsul/HSPICERests/imehit

ST Transienl: “Mle: mosZbil.sp - adder - £ bil all-nand-gale binary ad
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v{24

| I
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Current X- Axis
[ TIME apply | peraun |
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[* Apply |  Default |

Cose | Help
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Awaves - Measurement

On window measurement function

AvanWaves 9621 (3809123
Design Fanels \Andow keasure | Configuration  Tools
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Awaves

Multiple Panels

Multiple panels can be displayed on window
Maximum number of panels displayed depends on window size

Waveforms can b

FantWaves 34.2.1 (3002

Dns'qn Pﬂni:}!iliunr Measure  Configuralon  Tools Help
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Cirlvl
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Awaves - View Port Management

Zoom size is independent between panels

AvanWaves 98.2.1 (98002
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Awaves - Expressions

Expressions provide capability for data calculation
Can use drag&drop to type expression

AvantWaves 50.2.1 (960912 | Expression Duilder El|
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 EFH1.2um CMOS T Zllevel 111575 (Models.sp)

.MODEL NMOS NMOS LEVEL=2 LD=0.15U TOX=200.0E-10 VTO=0.74 KP=8.0E-05
+NSUB=5.37E+15 GAMMA=0.54 PHI=0.6 U0=656 UEXP=0.157 UCRIT=31444
+DELTA=2.34 VMAX=55261 XJ=0.25U LAMBDA=0.037 NFS=1E+12 NEFF=1.001
+NSS=1E+11 TPG=1.0 RSH=70.00 PB=0.58

+CGD0O=4.3E-10 CGSO=4.3E-10 CJ=0.0003 MJ=0.66 CJSW=8.0E-10 MJSW=0.24

.MODEL PMQOS PMOS LEVEL=2 LD=0.15U TOX=200.0E-10 VTO=-0.74 KP=2.70E-05
+NSUB=4.33E+15 GAMMA=0.58 PHI=0.6 U0=262 UEXP=0.324 UCRIT=65720
+DELTA=1.79 VMAX=25694 XJ=0.25U LAMBDA=0.061 NFS=1E+12 NEFF=1.001
+NSS=1E+11 TPG=-1.0 RSH=121.00 PB=0.64

+CGDO=4.3E-10 CGSO=4.3E-10 CJ=0.0005 MJ=0.51 CJSW=1.35E-10 MJSW=0.24




BTE AN SO A HL G

RIFEEA . WITERIKEE TR
TITLE 1.2UM CMOS INVERTER CHAIN

INCLUDE "models.sp"

.global vdd
Mn out in 0 0 NMOS W=1.2u L=1.2u
Mp out in vdd vdd PMOS W=3u L=1.2u

CLOUT O 0.5PF
VCC VDD 0 5V
VIN IN O PULSE(O 5V 10NS 1N 1N 50N 100N)




ISR/ TR RS €]

TITLE 1.2UM CMOS INVERTER CHAIN
INCLUDE "models.sp"

.global vdd

.option probe

Mn out in 0 0 NMOS W=1.2u L=1.2u

Mp out in vdd vdd PMOS W=1.2u L=1.2u

CL OUT 0 0.5PF

VCC VDDO05V

VIN INOPULSE(05V 10NS 1IN 1N 50N 100N)

.DC VIN 05V 0.1V

.0p
.probe v(out)

.end



* J5 Zl1hspice
« 7EEdit NLET A\ A %

o 1 5Simulate

« fEEdit LLE % B S0




J& Bhlawave £ F&Design-
>open, fEopen design
% D EjMFIltEF%ﬁAE sl

TiE &EE NEw HAO #Ro IAm@ AOThEERo ®HOAd) B B RERER - X
#ftinpudlall, &7 EEEISNERE T

wib -» -[Blrus|ElE=BIEE A A dete aFarEo .

H - :l M (ZHR x R s
[l ~ l MY /I\ VCC VDD O&Y = AL
VIN N0 PULSEQ &Y T =

{[5% ‘:\[ﬁ /\\Q » [ 10NS TH 14 50K 100N) —
- l DN 08y 0T —
.op A 2
z ’

o -probe ylout) é 5 —— | [
end % -} Z o il ed

AT M (=] 5=

|0
T - =e ST
esign FPanels HWindow Measure Configuration Tools Help v T t g||
Iwurking\ T ——
= :: ¥ ¥ Listing . WA Wik
4| 1| & B &l | ¢ el | ¢ e — P i o=

L ti . Measures I

m ! <|| [ moELs. 5P 411 Files |54

. tw lout — s

””””” i Brevt Options... |
[ mec.sp L

7]

iy

b7

133

S00m
SITH 96 /96 Capsules fi3r (P E) (EF4
gﬂ}ﬂl‘ﬁl J @ k| m » 2 g @ |J EJE - [ | .Ml | o b @UI | @\n "awaves @In | \) @Eo@ @ 21:34




i
[T

W
AN
V)

AvanwaveH

sEONERTR i

ymun
=
el

Z

AvanWaves 1999.4 (19991220} -0 x|

Design Fanels Window Measwre Configuration Teols Help
RN

00 A0 % (ot )

Yq‘;| [x [k

_title 1. Zum
1

cmos inverter chain

_______________________________________________________________________________________________________

SO0m o Fmmmm o mm m oo o e b




A& 2500 1 S 2H R A 7 B

TITLE 1.2UM CMOS INVERTER CHAIN

ANCLUDE "models.sp" |

Il ) out
.global vdd
SUBCKT INV IN OUT wn=1.2u wp=1.2u

Mn out in 0 0 NMOS W=wn L=1.2u
Mp out in vdd vdd PMOS W=wp L=1.2u

.ENDS e
X1IN1 INV WN=1.2U WP=3U

X21 2 INV WN=1.2U WP=3U

X32 OUT INVWN=1.2U WP=3U

CLOUT 0 1PF

VCC VDDO0535V
VIN INO
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.DCVIN 05V 0.1V

.measure DC tran ttrans
when v(out)=2.5v

ttrans temper alter#
24500 25.0000 1.0000

o
il i

-----------------------------------

title | P emos inverter chain
I ] I I
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VI N I N O PU LSE(O 5V 1ONS Tesign Panels Window Hesswe Confipwation Tools Help

1N +1N 50N 100N) TEEEEEE
*DCVIN 05V0.1V = S B
TRAN 1N 200N R I I

WAL:vlia) 45 i ‘ . 1; .....
.measure tran tdelay trig v(in) —-— =
val=2.5 td=8ns rise=1 HED i

+ targ v(out) val=2.5 td=9n | AN
fall=1

PRINT V(OUT) -
end I —

I
TI T

.......

.......

...................
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----------------------------------------------

flln 100 120 140 1600 180 il
Tine (lin) (TTHE)
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.param cload=1.2u

param wpt="2.5*cload" $DATAT SOURCE="HSPICE' VERSION="'1999.4'
...... TITLE "title 1.2um cmos inverter chain'

.data cv index cload td temper alter#

cload 1.0000 1.200e-06 9.121e-09 25.0000
e

X1 IN 1 INV WN=cload WP=wpt 2.0000 2.400e-06 4.724e-09 25.0000

X21 2 INVWN=cload Wp=wpt 10000

X32 OUTINV WN=cload WP=wpt 3.0000 3.000e-06 3.891e-09 25.0000
CL OUTO 1pf 1.0000

.TRAN 1N 200N sweep data=cv

.measure tran td trig v(in) val=2.5 td=8ns

+rise=1targ v(out) val=2.5 td=9n fall=1

.END



DA B 25 2 il s RS

X1IN1 INV WN=1.2u WP=3u

X21 2 INV WN=2.4u WP=6u

X32 OUT INV WN=4.8u WP=12u
CLOUT 0 1pf

.TRAN 1N 200N $sweep data=cv

.measure tran tdelay trig v(in) val=2.5 td=8ns
+rise=1 targ v(out) val=2.5 td=9n fall=1

$DATA1 SOURCE="HSPICE'
VERSION="'1999.4'

TITLE ".title 1.2um cmos
inverter chain’

tdelay temper alter#

3.011e-09 25.0000

1.0000

HALANGEIR (i ftdelay) #BLEEGRTTH 3 Mwnds R

Ut & /)N
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tl:~ réiil:zl j:ﬁﬂ .TRAN 1N 200N sweep temp -
+10 125 10 M10 °C#j125 °C
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