Synopsys

e
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Iz B IE

“HRHAN

RN R

“ TR A

“EBRINEEIT A

*ERINEENE (.measure 5 .alter)

CEFERSEH (Lab1-5)
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N

< Avant! Start-Hspice (IZEET Synops

ys 7)) B IC #ithHREFEANBEHEIR

%, REELAREREARI STHII1C witTH,
EZT IR EESE ERRE.

“Hul, —MRPEHRA Level 2 i1 MOS Mo
del #{THEMLE, SHRE] £SFEREHE Le
vel 49 ZEARE, Ml Model ZEENE Z¢.
E it & —EEFEABEE{TREIZH Hspice
EI(J 2?);t:i:re FLTRHITHE, UIESIEHEH
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 SPICE Means
= Simulation Program with Integrated Circuit Em

phasis
" SR T FRIERF
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“ Star-Hspice B L 5L E A THRER

ﬁﬁﬂﬁﬁﬁ.ﬂﬁiﬂﬁ%ﬁio B R B 57 HTEE
B85, #EBERTFIHE Monte Carlo .

Eiﬂ;'lalﬂ-\ ¥ (sweep ) , HEFRA

w4, mEATER TﬁT!&E‘JEﬁJWﬁIﬁﬁ
Star—Hsplce BERLE Avant ! TEARHE
i, A APEFEFFHRIZERI ME KR
B PERYSCPRAR A EFFERRSS -
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<~ Star-Hspice gERRHE T AR ERN & KT HE
HERRE .

<+~ Star-HSPICE HIIGEESHEMEZRZ. E
BSOS, REFESHh, BESHR, Th
¥t EMEBEBEESHETHT ROMESH
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&

A

(1)
Z) Fn

(2)
S

= (3)

] Hspice 37— E

_’ﬁiE Y
wRHSY G

1%, BEEEMBEIUT=

3 B LA (L R R S
SRS E)

HE T AT RS EN TR S5

(I MM ZRRFS & o RE)

EXE

7% B 40

HEEMTE =,

Tll|
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MetaLib CDF
Symbol Library

———————————————————————————————————————————————————————————————————————————

Schematic [

. R
Netlister

A

Hspice Netlist

Hspice Simulation
T § T

Wave Data

l E%EE i 4
| Analysis i
e | . N

Parameter Changes
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Hspice &E{T

 m— ,—

“Hspice HIIEIT:

" {%

" 7T

%

BT

FE4Em (Windows TEA)
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Hspice &E{T

“Hspice %%
= $hspice <input_netlist.sp> > <output_file.lis>
[lizht@LN2000 test]¥% hspice lahl.sp_} labl.lis
“HAERARERTERN
= $hspice

[1izht@LN2000 test]$ hspice

Enter input file name: labl.sp

Enter output file name or directory: [labl.lis] labl.lis
H5PICE wversions are:

1 ==> ./ 2010.03 (2010.03)

Which HSPICE wersion to run (Enter # [1]):

204445 ASIC &ty




Hspice &E{T

AW

< Star-Hspice Input

" Input netlist .Sp
" Model /libraries .inc, .lib
< Star-Hspice Output
" Run status .st0
= Qutput listing dis
" Analysis data, transient tr# (e.g. .trO)
= Analysis data, dc SW# (e.g. .sw0)
* Analysis data, ac .ac# (e.g. .ac0)
" Measure output m*# (e.g. .mt0)

< AvanWaves Input (Linux TAX# AvanWaves )
= All analysis data files

204445 ASIC &ty _|




Hspice &E{T

labl.sp

L

labl.acO

labl.icO

lizht@ LN2000:~/hspice_std/lab_for_pptitest
File Edit View Terminal Tabs Help

[lizht@LN2000 ~]1% c g RN —far_ppt/test
[1lizht@LN2000 test]E hspice labl.sp > labl.lis

»>info: FEEETTRSpice job concluded

real 0.09

user 0.00

sys 0.00

[1izht@LN2000 test]k

Using = lah
T .opti
i nn

lab1.lis labl.sp labl.5t0 o




“ PRI
TitleFirst line is always the title

Comments $* - comment for a line
$ - comment after a command

Options .option post lists nodes and conditions for simulation jg“éﬂzgsgg

Print/Plot/Analysis print v(d) i(rl)
plot V() Wil [ R
.tran .1n 5n
Initial Conditions .c v(b) = 0§ input state mﬁﬁ%ﬂ;ﬁ
Sources Vg g0 pulse 010 0.15 0.15 0.42
$example of a voltage source iﬁ])\mm
Circuit Description MN d g gnd n nmos
RL vdd d 1K @.Eﬁﬁﬂi
Model Libraries .model n nmos level = 49

+vto=1 tox=7n $ + continuation character

END .end $ terminates the simulation zﬁ ;EEH_T
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PI3R - TTERfF

“ iRt

" R11210k (FTRTm1 52 [BEHEMER1, BEHN 10
k BX)
Cl121pf(RT-TE1 52 EEESCI, BHEER1
pf)
L1121mh (FRR-Ta1 52 EF8EK L1, BRERA
1mh)

204445 ASIC &ty _|




(@) R - B

“ FiRaat

— 1
— e

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

D ATHERIR, N+ FN-DAA_MENERTR, MNAME E&EE
%, FEEAAIED: AREA REREF, OFF EERAITATMBI#ILE
M, IC=VD EERS7 A SH

R B g 4 B
QXXXX NC NB NE <NS> MNAME <AREA> <OFF> <

|IC=VBE,VCE>
Q HTLHEHR, NCNBNE<NS> HHIRERIR, HiR, KEHRAARAIT =
AR, NS #ih, FEAARS REHEER.
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L)

PIsR - et

" HRUIAYN A E
JXXXX ND NG NS MNAME <AREA> <OFF> <IC=VD

S,VGS>
J ATTHRAR,

ND NG NS Aim, #t, BT =,

" MOS 1AM RmEE
MXXXX ND NG NS NB MNAME <L=VAL> <W=VAL>

M 79T AFR,

ND,NG,NS,NB 77l =2i®m, M, JEF

WETR. LAEK, MAEAEER
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PI3R - TTERfF

4

< Instance and Element

Names: Capacitor

Diode

Dependent Sources
Current

JFET or MESFET
Mutual Inductor
Inductor

MOSFET

BJT

Resistor
Transmission Line
Voltage Source
Sub circuit Call

oo o
-—moo

D)
/ O/
0‘0 0’0

4

/
*

o

" |
“
("]
=
o

XS

*

/
0’0

X4

X<0o0mPpETrxea

K/ / Y/
0’0 0’0 0’0

’0

*e

*%

/
0’0

4
4

/
*

%

’0

4

/ /
0‘0 0’0

b
c

*e

*%

XS

D)

>
/ O/ / )
0‘0 0’0 0’0 000
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“ Hspice R ENE S i SR Z 1R AH

, XBEMNNEERNRIBILIE.
1. BRilg (DC) :

* BBEIE VXxxx n+ n- dcval

« BB Ixxx n+ n- deval
" 2. )Luu,/)_ ( AC ) Vxxx n+ n- AC=acmag,acphase
= 3. BESIR (BERTIEZ{L)

« BiomiE: pulse v1 v2 td tr tf pw per

o MR pwlt1 vl <t2v2t3v3...>
« IF5%)J&: sin vo va freq td damping phasedelay
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oHTRE

1. Eifl‘f.ﬁ*ﬁ'

% DC. AC 1 TRAN ST HHITEREBES
(DC OP) iYit®, {E.TRAN UIC BEHEFEY
HBEH, 1i#{TDC OP HitH.

< .DC var1 start1 stop1 inc1< sweep var2 type np start2 stop2>

CHRSTESUTRMIER:
= DC: BERfAEar;
" .OP : BEREIES7THT;
= PZ: Pole/Zero 43k ;
= .SENS : BEifi/MESHRE 71h;
= TF : BER/NMESEBMRETIT.
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v 2. ZIRDHr:
CERTITERMETEERIMEBERRY

< .AC var1 start1 stop1 inc1 <sweep var2 type np start2 st

op2>
C R TEFULTHMIFER
= NOISE : I&E9#;
= DISTO : %cE&#f;
= NET : M9 1h;
= SAMPLE : RHEMEFE DT,

> 3. ﬂﬁ?&ﬁ*ﬁ
< BRSohEETTEN B R REARER &

< .TRAN tinc1 tstop1 tinc2 tstop2... START=.. UIC SWEEP..
2044-4-5 ASIC i&itHi —




@

< .options IZA]1E: .options opt1 opt2 opt3... opt=
X

< —RESMIEX4PiEE options 5 .options ac
ct list post, 1ALl E /4 .options node opts

“ Hrh .option list RRFJ/EMFR, TEERLFAF
ﬁ?)\ﬂ]ﬁﬂ%ﬁ:# T debug 5 %ﬂ%ﬁ?l‘éﬁ*’@ﬁ KB
o), .option node T RGHMIHT SEREFIEIIFR
X%, BT debug 'ﬁEﬁ:%E%EFE:J’I‘QE*'J? 2 B A Y as
B, .option acct FR/REFIFRIH Mt EITEE]
it F{HE¥ZE, .option post R REHFEHHERE.
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* Lab1l —/ EBFF

0

< * lab1 an example ©
* .options list node po:
°P i
.ac dec 10 1k 1meg . ©

* Jprint ac v(1) v(2) i(ri 7, ()
"v1 1010 ac 1 THE - o

R 1121k i —  0.001uF
+*r220 1k ©
“c120 .001u <

</
<« .end

0 00 00 00




" labl.sp x

 labl an exanple (SN ST
.options list node post

.ac dec 10 1k 1lmeg _
.print ac v(1) v(2) 1(r2) 1(cl) _

vl 1 0 10 ac 1

rl 1 2 1k
r2 2 0 1k

cl 2 0 .001u

e
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lizht@ LN2000:~/hspice_std/lab_for_ppttest
File Edit View Terminal Tabs Help
[1izht@LN2000 test]$ hspice labl.sp > lab2.lis

»info: #*%%% hspice job concluded

real 0.06

user 0.01

sys 0.00 [lablsp * | (7 labLlis x

[1izht@LN2000 test]$ [

constants - tnom kt vt gapsi ni
298.15000 4.1163e-21 25.69184m 1.11562 1.2565e+16
1##*#*#*#% HSPICE -- D-2010.03 32-BIT (Feb 23 2010) linux #*#*#*#*%*

TRE R AN

* labl an example

#RF&FE  circuit element summary tnom= 25.000 temp= 25.000 **#**

#*%% yesistors

element name 0:rl 0:r2
nodel 0:1 0:2
node?2 0:2 0:0
model
res eff 1.0000k 1.0000k
tcl 0. 0.
. tc2 0. 0.

I'E-h]- 'IIE scale 1.0000 1.0000 L
m 1.0000 1.0000
ac 1.0000k 1.0000k
temp 25.0000 25.0000
1 0 0 el
w 0. 0.
cap 0. 0.
noise 1.000e+00 1.000e+00

2044-4-5 ASIC iZ i+l _—




EERARRE

* labl an example

#xEEEE  ge analysis tnom=

freq

.00000k
.25893k
. 58489k
.99526k
.51189k
.16228k
.98107k
.01187k
.30957k
7.94328k
10.00000k
12.58925k
15.84893k
19.95262k
25.11886k
31.62278k
39.81072k
50.11872k
63.09573k

DV W WN R

voltage

e R e ]

1

.0000
.0000
.0000
.0000
.0000

0000
0000

.0000
.0000
.0000

0000

.0000
.0000
.0000

0000
0000

.0000
.0000
.0000

25.000 temp=

voltage

499.
499.
499.
499.
499.
499.
499.
499.
499.
499.
499.
499.
499.
499.
498.
497 .
496.
493.
490.

2
997 5m
9961m
9938m
9902m
9844m
9753m
9609m
9380m
9018m
8444m
7534m
6094m
3814m
0206m
4504m
5507m
1347m
9151m
4574m

25.000 =wwE=w

current
r2

499.9975u
499.9961u
499.9938u
499.9902u
499.9844u
499.9753u
499.9609%u
499.9380u
499.9018u
499.8444u
499.7534u
499.6094u
499.3814u
499.0206u
498.4504u
497 .5507u
496.134%7u
493.9151u
490.4574u

current

cl

.1416u
.9550u
.9790u
.2682u
.8911u
.9341u
.5059%u
.7433u
.8182u
.9468u
.4004u
.5194u
.7293u
.02602u
.6687u
.8592u
.1022u
.5364u
.4380u

. B ‘

[1izht@LN2000 test]$ sx

SYNOPSYS
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Dezign Browszer

Lint View I File View I

Declk View I Flat View I Output View I

wavewview 1

Drag-n-Droy From the

Qutput View browzer to add waveforms

204445 ASIC &ty
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| —

File Wavelliew Panel

@ Import Spice Metlist ... Ctrl+5
EE? Import Waveform File ... Ctr1+0

Import Text/FUL Data ...

Import .err File ...

Abort Data Losding Ctr1+8
Export Waveform Data Ctr1+E

B

Path: |testf

BOD
g
g

LacH
ﬂ]_lahl.ic@

(=] 1abl.=p

(=] 1abl. =t
(=] 1ablh.sp”
3 =xcmd. 1og

File Mame: |1abl.li=

Axez Tools Config Hel

By

File Wavelliew Panel

Axez Tools Config

5|8 dHdD | MX%B|R

Dezign Browser

&

Lint View | File View I

= (2] D¢ labl. lis

B toplevel

[yl
—

EEEE

=
I~
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[E
& r2
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“HbeSaE:
“.PRINT . .PLOT.
#1 .MEASURE .

PLOT antype ovl <ov2..> <plol,phil...plo32,phi32>
.PROBE antype ovl<ov2...0v32>
PRINT antype ovl <ov2...0v32>

.GRAPH. .PROBE

204445 ASIC &ty




o print FEMI B list SCHEhITENBUE 9 347

“.plot: ZEHHH list STHFITENK SR
% (H ASCI E&FFARR)

“.graph: £ 5 5 HERNHZ

“.probe: #iiFEK (Hhsk) XH

* ;{;asure: Bt AP EXR SIS RE mto

“.op, .tf, .noise, .sens F .four FiTH E#E
40 LH Th RE

204445 ASIC it i




L) .model &4]

~.model IREESHITE
TSR GNEAREFEqXRENHEHE.
BREEQAART ez 4mdiEa, e “ .7
FLBRiER, HXEF .MODEL, {8 &R
, BRRBM—EESHER. HBHE, BE, —
t&"é‘, MOS &, WM EHFEEHREEIER.
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< * lab2 - diode sweep
<+ .options list node pos
< .op

< .dc dv 800m 1 .005

“ .print dec v(1) i(d1)

“|.model df d
“l+is = 2.6615e-1
“|+rs=0.01
“v110dv
“*d110 df

< .end

204445 ASIC &ty




lis X B TER]

AW Ow

name
node +
node -
model

res eff
cdsat eff
capd eff
poly cap
metal cap
ic

diodes

:dl
11
:0
:df
10.0000m
266.1500a
0.

oo oo

204445 ASIC 3D




~  .GLOBAL 5 .SUBCKT i&f]

~ 2RTES5FHE:
= 1. 3XF .GLOBAL ZE4¢FEYT 5.
= GLOBAL node1 node2 nodes...

" 2. FHKIEA .SUBCKT :
= .SUBCKT SUBNAM N1< N2 . .

gy -

14, SUBNAM BF

FHRHIENH .SUBCKT Eq)F

BHEEZ, N1<N2 . . . >RZBIHHaS

ENDS (RRERFRIEBEN ) ...

2011.1.5

ASIC igiteid




< * lab3 - 5 stage driver “ cd1 6 0 1.75f
< .options list node post “|.subckt inv in out
< .model pch pmos “*|m1 out in vec vee pch |

4

.model nch nmos =1u w=20u
tran 1n 10n “*Im2 out in 0 O nch I=1u

.print trajﬂ v(e) ive W24

\/

*%

/
‘0
o0

L)

/
000

4

L)

\/
0‘0
L0

Iobal vce * «en
vcec vec 05
vin1 0 2.5 pulse .2 4.8

A/
00

L)

/
’0

L)

e

*

4

\/

*%

xinv2 2 3 in
*Ixinv3d 3 4 in
xinvd 4 5 in

RS

/
’0

L)

e

*




/" lab3.sp x

¥ lab3 - 5 stage driver
.options list node post
.model pch pmos

.model nch nmos

.tran 1n 10n

.print tran v(1l) v(6) i(vcc)
.global
Voo vcc

vin 1
xinvl
Xinv2
xinv3
xXinv4d
xinv5
cdl 6

0

[ &y QY N T T L Y S

.subckt
ml out in vcec wvece pch 1=1u w=20u
m2 out in 0 0 nch 1=1u w=20u
.ends inv

.end

vee
0 5

2.5 pulse .2 4.8 2n 1n 1n 5n 20n
inv

inv

inv

inv

inv

.75f

inv in out

=S o s W R

m [

lab3.pal

: |

/" lab3.pa0 x

xinvl.
xXinv2.
x¥inv3.
xinv4d,
Xinv5s.

L9y IY SR T I T




1 Tak 3
B lah3.lis
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.MEASURE i&f]

N/
“MEASURE

4 Seven fundamental measurement modes:

v

v

v

Rise, Fall, Delay _EHA, TEE, AT

Average, Min, Max, and Peak-to-Peak F){E, mAK&/IVE, UEIEE
Find-When #37E &H{E

Equation Evaluation J51£{E

Derivative Evaluation fif{43{E

Integral Evaluation F1453ME

Relative Error fEX1imE

204445 ASIC &ty




MEASURE: Rise/Fall &%

.MEASURE <DC | TRAN | AC> result TRIG TARG <optimization options>
< result - name given the measured value in the HSPICE output.

TRIG trig_ var VAL=trig_val <TD=timedelay> <CROSS=#of> <RISE=#of>
+ <FALL=#of>

TRIG AT=value

TARG targ var VAL=targ val <TD=timedelay> <CROSS=#of | LAST><RISE=#of | LA
ST>
+ <FALLS=#of | LAST>

Delay 10ns

|E '-"l le———— TDLAY o

emple: )\ N
.MEAS TRAN TDELAY TRIG V(1) VAL=2.5

TD=10ns RISE=2 ;
+ TARG V(2) VAL=2.5 FALL=2 Vi2) / 25y _3"‘\_

204445 ASIC &ty _|




.measure iEfq]

< hrjnﬁ:%sure E—TRLENIR, FEAESIANShZEA BT

“ Lab 4 N4

" The circuit to be analyzed is a standard cmos inverter. What the
.measure statement will do is measure the propagation delay fro

m vin = 2.5 v on the second rising edge, the output at 2.5v on its
second falling edge.

204445 ASIC &ty




)

lab4 - the measure stat
ement

tran 100p 200n

.options list node post
measout

.param tdval=5n tstop=
00n

.-meas tran tdelay trig v
(1) val=2.5 td=tdval ris
e=2

;targ v(2) val=2.5 fall=

.meas tran vmax max v
(2) from=tdval to=tstop

A/
00

L)

J/
’0

L)

e

*

\/
00

)

b

*

\/
0’0

4

4

L)

<

L )4

o,

-model pch pmos
.model nch nmos
-print tran v(1) v(2)
vcc vcc 0 5

vin 1 0 2.5 pulse .2 4.8
10n 5n 5n 35n 100n

m1 vecc 1 2 vece pch I=1
u w=20u

m221 00 nch I=1u w=
10u

c1202p
end

204445 ASIC &ty




! lab4.sp x

lab4 - the measure statement
.tran 100p 200n
.options list node post measout
.param tdval=5n tstop=200n
.meas tran tdelay trig v(1l) wval=2.5 td=tdval rise=2
+targ v(2) val=2.5 fall=2
.meas tran vmax max v(2) from=tdval to=tstop

.model pch pmos

.model nch nmos

.print tran v(1) wv(2)

vee vee 0 5

vin 1 0 2.5 pulse .2 4.8 10n 5n 5n 35n 100n
ml vcc 1 2 vece pch 1=1u w=20u

m2 2 1 0 0 nch 1=1u w=10u

cl 2 0 2p

.end

204445 ASIC &ty




l'-__-\—

! (SoaTh
I'IJ.'IITI|
- +AdAm)
labd. mtO
labd.mt0
|$DATA1 SOURCE="HSPICE' VERSION='D-2010.03 32-BIT'
.TITLE 'lab4 - the measure statement'
tdelay vinax temper alter#
3.282e-09 5.0068 25.0000 1.0000
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4

L)

*

4

L)

L)

4

L)

)

4

L)

L)

.ALTER Statement : Description
Rerun a Simulation Several Times with Different
* Circuit Topology
Models
Elements Statement
Parameter Values
Options
Analysis Variables, etc.
1st Run : Reads Input Netlist File up to the first .ALTER
Subsequent : Input Netlists to next .ALTER, etc.

204445 ASIC &ty _|




o0

/
’0

L)

*e

*%

S

*%

/ A/
000 000

e

*

\/
.0

L)

/
’0

L)

/
’0

L)

e

*

< lab5 - the alter control

.options list node post

.model snpn npn is=sis
bf=sbf

.param sis=1e-16 sbhf=1
50

.tf v(out) vin
vinin011

g1 vec 1 2 snpn
g2 3 4 2 snpn

g3 vcc 3 out snpn
r1in1 20k

r2 vec 3 200k

r3 out 4 180k

rd 4 0 20k

it2 0 100u

L 4

L0

vece vee 0 20

.alter $ ** Change is to
1e-15 / bf to 100

X bparam sis=1e-15 sbhf=1

.alter $ *** Change is t
o 1e-14 / bf to 50

i;)aram sis=1e-14 sbhf=5

.alter $ **** Change is
to 1e-13 / bf to 25

.5param sis=1e-13 shf=2

204445 ASIC &ty




/7 lab5.sp %

ﬂabS - the alter control
.options list node post

.model snpn npn is=sis bf=sbf
.param sis=1e-16 sbhf=150

.tf v(out) vin

it

vin in 0 1 1

vee 1 2 snpn

3 4 2 snpn

vce 3 out snpn
in 1 20k

vee 3 200k

out 4 180k

4 0 20k

2 0 100u

vee vee 0 20

.alter

.alter

.alter

$ #* Change is to 1le-15 / bf to 100
.param sis=le-15 sbf=100
$ *#** Change is to le-14 / bf to 50
.param sis=le-14 sbf=50
$ #**** Change is to 1le-13 / bf to 25
.param sis=le-13 sbhf=25
.end

204445 ASIC &ty




[1izht@LN2000 test]$ hspice
hspice
hspice
hspice
hspice

»>info:
»>info:
»>info:
»>info:
real 0.08
user 0.02
sys 0.02

lab5.icD

e
e
e
e

lab5.sp > lab5.1lis

job
job
job
job

concluded
concluded
concluded
concluded

lab5.ic3
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TR

WA T

W W W

W

small-signal transfer characteristics

v(out)/vin —
input resistance at vin =
output resistance at v(out) =

small-signal transfer characteristics
v(out)/vin =
input resistance at vin =
output resistance at v(out) =

small-signal transfer characteristics
v(out)/vin =
input resistance at vin =
output resistance at v(out) =

small-signal transfer characteristics
v(out)/vin =
input resistance at vin

output resistance at v(out)

9.3879
3.1665x
111.6365

3

lab5.lis

9.3287
2.1175x
165.5089

9.1528

1.0689x V4

367 .7933

8.8118
545.1353k
936.9004

204445 ASIC &ty




Fas5sEaN

k%A : Hspice-D-2010.03
< &: Linux

“ﬁﬂ. (AEEFH)

1) User Guide : Simulation and Ana
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