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1. What HSPICE ?



1.1 What HSPICE ?

What Hspice?

¢ 1960 SPICE
Circuit Level

: SPICE
IC Analog, Digital,
Memory Design :

HSPICE
SPICE
netlist simulation



1.2 Input netlist file rule

Input netlist file rule

¢ Hspice input file .Sp / output is
o statement TITLE statement

= statement .END

¢ 2Line ‘+

. Line el

¢ Netlist

¢ O, GND Ground.



1.3 Complete .SP file

Inverter Simulation <«

.1lib c:/avanti/Hspice2881.2/sec/cspShb5v_claShb5v_para.lib_r882a nn <— Library
.options list node post < Option

.temp 27 < Simulation
.global GROUND

= ELDD netlist generated by 'catpsj" on HMon Jan 27 2883 at 84:16:42

= component pathname : $WORK/catpsj/catpsj/digitlib/inu1 < Sub_circuit
.subckt INU1 HOT_A A UCC USS < Sub_circuit 1
2 L Gl ) Inverter Cirou
.ends INU1 < SUb_C”CUH .ends
* MAIM CELL: component pathname : $WORK/catpsj/catpsj/Idec/Inverter «— Main Circuit
X _XINU11 UDUT UIN UCC USS IHU1 < Sub_circuit 2
o uouT ves 1p Y < Inverter Output LoadR C
UCC UCC B DC 3V
USS USS 8 DC BU p DC Source
* UIN UIN 8 DC 3V )
* 3:: 3:: g ﬁﬁfsé:l-]ﬁuazl-ggu1glfﬂg1:}ﬂ.;]ﬂ1n 20u 40u) <« PULSE SoSulrl\Clesource

3*

#* pldo include File.

_tran 0.1u 486u < Transient analysis _
0p OP option
-end <

.end



2. HSPICE Components



2.1 Basic Units & Scale Factors

Units

¢ R -0hm
¢ C - Farad
¢ L - Henry

Scale Factors

F=1le-15 K =1e3
P=1e-12 MEG = X =1e6
N=1e-9 G =1e9
U=1-6

M=1e-3



2.2 Passive Devices

*

Passive Devices

R : Resistors

Rxxx nodel node2 R value

R1 1 0 100K

. Capacitors
Cxxx nodel node2 C value
Cl 1 0] 100U

. Inductors

Lxxx nodel node2 L value
L1 1 0 10u



2.3 Active Devices

Active Devices

(=.model / .Lib/ .Include parameter
¢ D : Diodes

Dxxx nodel node2 D name
D1 1 0 Dmbrm120It3

.model D _name D
+ Parameter value.........

.MODEL Dmbrm120It3 D

+1S=1.81383e-12 RS=0.01 N=0.5 EG=0.6
+XTIl=4 BV=20 I1BV=0.0001 CJO=3.01257e-10
+VJ=0.534572 M=0.423885 FC=0.5 TT=1e-09
+KF=0 AF=1



2.3 Active Devices
¢ M : MOS Transistors

Mxxx D G S B mos name L=L value W=W value M=n
NMOS

D : Mos drain node G : Gate node S : Source node B : bulk node

_.'.. 1 F ]
[ ] [ ]

B:NMOS VSS ( ), PMOS  VCC ( )
PMOS « Mos_name .model file mos_name

( parameter mn, nch, nmos )
N - M W . )M=5=>W?=*5

M1 1 2 3 4 NMOS L=10u W=10u M=1

.model M_name NMOS ( or PMOS ) Level = x
+ Parameter value.........

.MODEL MM NMOS LEVEL=1
+1S=1e-32 VT10=2.92891 LAMBDA=0
+KP=180.273 CGS0=1.92171e-05 CGD0O=1.39105e-06



3. Source



3.1 DC Source

DC sources( DC analysis statement )

¢ Vxxx nodel node2 DC=Value
V1 1 0 DC=5V

¢ Ixxx nodel node2 DC=Value
11 1 0 DC=10A



3.2 Sinusoidal Source

Sinusoidal source function( = SIN)

¢ Vxxx nodel node2 SIN (Vcm Vpeak Freq Td Damping Phase )
Vcm = sin wave
Vpeak = sin wave peak . Vcm + Vpeak
Freq = sin wave frequency
Td = delay time
Damping factor = damping factor in 1/sec

Phase factor = phase delay in degree



3.2 Sinusoidal Source

« V11 0 sin(1.5VvV 1V 10K O 0)

=>t=1/freq=1/10000 = 100u (= 100u  SIN wave)

Woltages (lin)

0 &y 10 150U M0y 5[y 300u B0y 4000
Time {lin} (TIME)

e V2 2 0 sin(1.5Vv 1V 10K 0 0-180)
=> V1

Valtages (lind

0 Bl 100y 150




3.3 Pulse Source

Pulse source function( = PULSE)
¢ Vxxx nodel node2 PULSE (V1V2TdTr Tf PW Per)

V1 = pulse initial voltage

V2 = pulse voltage level

Td=V1<V2 V1 V2 Tr
V1>V2 V1 V2 Tf

Tr=V1<V2 V1 V2 rising delay time
V1 >V2 V2 Vi rising delay time

Tf=V1<V2 V2 V1 falling delay time
V1 >V2 Vi V2 falling delay time

PW = V2

Per = Pulse



3.3 Pulse Source

Vi1 0 PULSE (0V 3V 1u 0.001n 0.001n 1u 2u ) * 500KHz

*

A+~

|
|
|
g
|
|
|
|
|
|
|
|
|
|
|

Period
1, |

V2 2 0 PULSE (3V 0V 1u 0.001n 0.001n 1u 2u ) * 500KHz

Period
g

VA
\V/

*



3.4 Piece Wise Linear Source

Piece Wise Linear source function( = PWL)

¢ Vxxx nodel node2 PWL (T1V1T2V2T3V3....)

T1=V1 time
T2 =V2 time
T3 =V3 time ....

Vi1l O PWL(OulV1lu1lV 1.5u 3V 4u 3V 4.5u 2V 6u 2V)

T — ' \
2V - oo TN
1V |




3.5 Sub-Circuit
SUBCKT

¢ Circuit  symbol netlist
o
¢ .subckt syntax

.Subckt circuit_ name Outputl nodel node2 node3 ..
statement of circuit description ..
.ends circuit_name

.subckt netlist

.subckt circuit name Outputl nodel node2 node3 ..
statement of circuit description ..

.ends sub_circuit name

X_circuit_name Outputl nodel node2 node3 .. circuit_hame
( => node )



4. Analysis Types



4.1 Operating Point

Operating Point Calculation

*

*

DC Operating Point
= Quiescent point

DC Operating Point transient initial
transient , DC : device
small signal model AC
.OP
.TRAN UIC option :
.OP  netlist SPICE OP
.OP is

« Circuit Node voltage, Source current

 Power Dissipation at the Operating Point
. current, conductance, capacitance, voltage ..



4.2 DC analysis

DC Sweep Analysis

¢ Bias point circuit parameter
signal sensitivity,

¢ .DC statement
.DC Vxx start stop Inc
.DC Vin 1V 3v 0.25
(=Vin 1V 3V 0.25

¢ DC initialization
.nodeset V(node name) = Value
.nodeset V(nodel) =5V
( = nodel
Jran

SV
UIC

small



4.3 AC analysis

AC Sweep Analysis

*

< DC OP , nonlinear device
OP small signal model

¢ .AC statement
AC Type Np Fstart Fstop
AC Dec 10 1K 100Meg

(= 1K — 100Meg decade 10 points
Frequency sweep )

(= 1K — 100Meg log (100Meg / 1K) = 5 decades )



4.4 Transient analysis

Transient Analysis

TS circuit
¢ .Tran statement

.Tran Tanalysis Tstop

Tran lus 3ms

(=3ms lus  circuit



4.5 Options

.Lib

¢ Simulation Active source parameter

.Options

¢ .Options list node post

.Temp
¢ Simulation option room
temperature 27 (=.Temp 27) :

CMOS Chip Test
simulation



5. HSPICE AvanWaves



5.1 Netlist

da Ic eldo.nspice file
schematic netlist
Simulation netlist
source, lib, analysis type
simulation

editor

da_ic edit



5.2 .sp file

¢

eldo.nspice

File

.sp file
eldo.nspice file
save as

. Menu bar

Design Architect-IC v8,9.5,1 - 10l x|
MGC File : Edit Search View  Options Help

? . New ORKfcatpsifcatpsifldecs i

.. Open I~ tpsjfidecfinverterfeldonetfeldo.nspice: :: session_palette
A —een—
Save WORK/catpsj/catpsjidigitiibfiny 1] — Open
* Save As... Hierarchy

SU - movers 1o Savaest . CCWSES Syyribhe
Import... S5 mn L=0.5U W=0,60 M=1 _ lenguage
Export... WCC mp L=0.5u Wy=1.2u k=1 _ Setup
.*en Print P Display

/ Property Displ

B - SetRead-only On 1y harhname  $WORK/catpsjicatpsi/ide Sy LR
® oy Selection

A ANV VOUT WIN VCC WSS TN Report

R1 VOUT V55 1K Check Schematic
C1 VOUT W35 1P T
VIN VIN GROUND DC 3V eci Symho
YOG WO GROUND DC 3y Frint

W33 W33 GROUND DC 0V Session

* eldo include file.

| B f

=l




5.2 .sp file

+ Navigator File Path

file (= inverter)

directory

.SP

Design Architect-IC w5951 =101 %]
MGC Fle Edit Search View Options Help
{Session YViewpoint: $WORKcatpsiicatpsifldec
e «Jegporthome/catpsjfcatpsyf/ldec/inverterfeldonetfeldo.nspice session_palette
- A
* component pathname : $WORK/catpsifcatpsifdigitlibding 1| Dhen
+ Hierarchy
Sryrahal
Save document as Language
File Path ?RKfcatpsjfcatpsjfldecflnuerterfinuerter.sp I'-Iavigatur...i sSetup
Display
0K Reset Cancel Froperty Display
Selection
Report
Check Schematic
C1 WOUT V55 1P T
WIN WIN GROUND DC 3 GLx Symuo
VOO WCT GROUND DC 3 Print
WSS WSS GROUMD DO 0 Session

*

* eldo include file.

*

=

OK



5.3 .sp file

Ssp file Menubar File Open

¢

Simulation Netlist
netlist

netlist .

] . gl
Inverter Simulation <

.1ib c:/avanti/Hspice?881.2/sec/cspShb5v _claShbSu para.lib r882a nn
.options list node post

.temp 27

.global GROUHD

* ELDD netlist generated by ‘catpsj’ on Hon Jan 27 20883 at @4:16:42
= component pathname : $WORK/catpsj/catpsj/digitlibsinvi

.subckt THU1 HOT_A A UCC VS3

M2 HOT_A A USS USS mn L=8.5u W=0.6u H
M1 HOT_A A UCC UCC mp L=8.5u W=1.2u H

1
1
-ends IHU1

® MATH CELL: component pathname : $WORK/catpsj/fcatpsj/ldec/Inverter

X_XIHU11 UOUT UIH UCC USS IHU1

R1 UOUT VUSS 18Heg
C1 vouUT Uss 1P

UCC UCC 8 DC 3u
USS USS 8 DC au

* UIN UIN 8 DC 3V
* UIN UIH 8 SIN (1.5V0 1.5U 18K 8 @)
UIH UIN @ PULSE(BU 3V 28u @8.801n 08.861n 28u 4B0u)

3*
* gpldo include file.

Netlist

) .Lib, .Options, .temp

eldo.nspice

<+<—— Voltage Source

.tran 8.1u 488U ] <

.0p
.end

.Tran/ .Op



5.4 HSPICE

HSPICE

¢ XxXterm simulation file(.sp)
directory

=10l x|

[idecwgldexport hone catpsjfcatpsidIdec »od Inverter
[idecwgl/export/homescatps j/catps s Idecs Tnverter ||



5.4 HSPICE

¢ Directory , HSPICE

hspice .Sp > lis
hspice inverter.sp > inverter.lis
(=>.lis simulation error

[idecwgl/export/home/catpsj/catpsjsIdecs Inverter >hapice inverter,sp > inverter, lis]]

=101 %]




5.5 AvanWaves

* simulation error _error
error lis .
error avanwaves simulation
mwaves .Sp

mwaves inverter.sp

=10 |

[idecwgl/exporthonedcatpsjfcatpsj/ Idec Inverter muaves inverter,zpl]




5.6 AvanWaves

AvanWaves

F

Results browser —— ==t

sults Broy

=10l =] f'l
—
O CWavanUthplceEDDl HtworkWidecWINYER TER g 1' 'Sp I e

—

KT ~ 2. Analysis

Hierarchy: Types: Curves:
B B E
4 _>I_I = =
— Current m-fxis

TIME Apply | Defaukt |
— Filter

|* Apply | Default |

Close | Help |




5. 7 AvanWaves

¢+ Analysis type simulation node voltage,
current

1 Results Browser 10| x|

Design:|D0: C¥tavantithspice2001, 2tworkidecNVERTER

Kl I_>I_I
Higrarchy. Types: Curves:
| [Time = 0 Ve vin =«

vout W55

< _"ILI [ [

— Current X-duxis

TIME spply | Default |
— Filter
|* Apply | Default |

Cloge | Help |



5. 7 AvanWaves

o Hierarchy netlist .SUBCKT
sub_circuit node voltage, current

i Results Browser =10 x|
Design:|D0: CHtavantithspice2001, 2tworkidecWNVERTER

P Transient: inverter simulation

[« |
4 e

Higrarchy: Types: Curves:
Time = |0 vee ovin 4]
invl: ®_xinyll vaut Y55

Currents
Kl _"I_I = fid
— Current X-fxis
TIME spply | Default |
— Filter
|+ Apply | Default |

Close | Help |




5. 7 AvanWaves

IS simulation

Evaniayes 20012 (20010615 -0 x|
Design Panels  Window Measure Configuration  Tools  Help

. ::___.:::: 5.;3| _?‘ v@la| 5}@‘ 0 w;-)‘ [F7E: [FI7E:

Fanel 1




5. 7 AvanWaves

& Menu bar
Panels Add : panel

AvanWaves 20012 (20010615) -10] x|
Design | Panels MWindow Measure Configuration  Toaols  Help
n Y b
Hide Cirl+1 ﬁ?‘ 5}@‘ £ E?‘
Delete Panel Ctrl+Del FPanel 1

Group Panels Cirl+Shift+5
Unaraup Panels  Cirl+Shift+
Edit Curves Cirl+Shift+C
Dezelect Curves  Clrl+shift+3
Delete Curves Del

Update Ctrl+L1
&dd label, Crl+L
J Add arrow Ctrl+R
—  Delete label Ctrl+2
@ v FPanel 1
[ v Panel 2

* Results Browser tool bar



5. 7 AvanWaves

¢ Results Browser node

5l =]
: Design: D0 CWavantihspice2001, 2 workWidecw |MNVERTER

— 10| =] lurves:
Configuration  Tools  Help 1] WCE
ot vEs
e Y i
al 2| 2| 2| 2| ¢| ¢
simnulation J

inverter

A
h _____ ply | Default |
A
1
_______ nly | Default |
J JJ 1 - T, A000u He||:|




5. 7 AvanWaves

¢ Tool bar O /

Input Source  SIN Source
=0l x]

001,22 (20010615

|'I:I'|I'|II E-I FI II||I||II EI' 1], L

Design  Panels  Window Measure Configuration  Tools  Help

| 4] o] S B EHR| 2| 5] % 2| ¢
| - I : inverter simulation
DO:ADwwin =] _E 2 - - oo .' ---_-_::

:
:

o

ra

o

]
rr -~ .+~ 1T - T T TT1
f I Il
J Time {lin} {TIME}

inverter sirmulation

DO:ADv(vout) ~| 8

n,

Voltage:

500 i

4000

i 200y
ﬂgf Time ilind {TIME)




5. 7 AvanWaves

¢ Input Source PULSE Source

SvanWayes 2001,2 (20010615} - 10| x|
Design  Panels  Window Measure Configuration  Tools  Help

FEEr- EEEEEER o

| : inverter sirmulation
Mave List I

DO:ADwvin =] TE
215
.=: 1
= B0
1l ===
o T o oo A 4o
J i 100u

Time {lind {TIME)
inverter simulation

[Wave List |
DO:ADw(vaut) -~ | |8

i

Yoltages

1l] rll'JI




6. /nverter Simulation



6.1 Inverter Simulation

Inverter simulation

o netlist .sp file Hspice

¢ Input Voltage Source  SIN, PULSE
simulation.

¢ Avawaves



6.2 PC Hspice
Hspui 2001.2 icon

- 0] x|
File Configuration Tool Help
Dezign |
Title |
Lizting |
Yersion |C:\avanti\Hspice2001. 2\BIN\hspice.ex | MultiCpu Option | j
-‘-. THETHE
o | 7 | A% | G A
Cpen Simulate | Avanwaves| Multi-jobs Edit 5L E
VER:2001.2

C./avanti/Hspice2001.2/sec/eldo nspice.sp




6.2 PC Hspice

eldo nspice.sp Interface

.sp file

Sp  simulation
lis

| A AR | N
Open Simulate | Avanwaves | Multi-jobs Edit [LLL Edit ML E
VER:2001.2
eldo nspice.sp file da ic
schematic da_ic

( sp file

netlist

)



6.2 PC Hspice

Interface Edit NL
netlist .

& eldo nspice sp - H2E

iRy BEE) MA0) Ts2H)

*= ELDD netlist generated by 'david’ on 3at Feb 8 20883 at 21:81:3@

*
* component pathname : SWORK/david/inverter
*

-subckt IMUERTER UOUT UCC UIM USS

M_I$1 UOUT UIN UCC UCC PCH L=8.35u W=1_4u
M_I$2 UOUT UIN USS USS HCH L=8.35u W=1_4u
-ends IHUERTER

3*

*# MAIN CELL: component pathname : $WORK/david/simulation

H=1
H=1

£ I$1 UOUT UCC UIN USS INUVERTER
R_I$254 UOUT USS 1K
C_I$255 UOUT USS 1P

eldo include file.




6.2 PC Hspice

file HSPICE
.sp file

< menu bar  file
o ( c./avanti/Hspice2001.2/sec)  Inverter.sp
.Sp file Ixt file
CIE DIE=2 HE 7|
HE 2E | sec = = E cF E-
I mpe
csthhEv-cIaEthv_para.inc_rEIEIEa
= I csthhEv_cIaEthV_para,Iih_rEIIJZa
L csthbEu_cIaEthv_para,skew_rDDEa
,‘E’ |5] eldo nspice. sp
HIEF ZHH library t=t
s
LH 2 =E
A=
—
HERZI =3
IHE O] (M2 finverter,sp = HES)
O =& T |2 E M =1 &
DI (EN |ANSI =]
=




6.2 PC Hspice

file  Inverter.sp
: HSPICE
.sp file :

& inverter sp - M2 E

OHE(E) MEEr M0 ES2H)
|k ELDD netlist generated by ‘david' on Sat Feb 8 2883 at 21:81:308

*

= component pathname : $WORK/david/inverter
*

-subckt THUERTER WOUT UCC UIH US3

M_I%1 UOUT UIN UCC UCC PCH L=8.35u W=1_4u H=1
M_I%$2 UDUT UIM USS USS HCH L=08.35u W=1_hu H=1
-ends IHVERTER

*

= MAIN CELL: component pathname : $WORK/david/simulation

*

% I51 UvoUT UCC VIN USS IHUERTER
R_I5254 UOUT USS 1K
C_I%255 UOUT USS 1P

eldo include File.

LI I ]

-end

Library c:/avanti/Hspice2001.2/sec/library.txt
copy :



6.2 PC Hspice

parameter
mos_model

parameter
PCH -> mp / NCH -> mn

size 1K 10Meg

.sp file file —>



6.2 PC Hspice

Hspice interface simulation

i

File Configuration Tool Help

Dezign Ic:‘\avanti‘\hspiceEﬂm.2‘\sec\inverter.sp

Title |- ELDO netlist generated by 'david' on Sat Feb 8 2003 at 21:01:30

Listing Ic:‘\avanti"\hspiceEﬂm.2‘\sec\inverter.lis
Version [C:\avanti\Hspice2001. 2\BIN\hspice.ex 7| MultiCpu Option [ j

]
O [~ |) A% | Al &
Open sSimulate Aévanwaves| Multi-jobs Edit L Edit ML EH!I

V

VER:2001.2




6.2 PC Hspice

Error
, .Sp file

simulation

error simulation

fRhspice - cWavantiWhspice200], 2Wsectexl sp - 0] x|
File Help
lic: Checkout hspicewin; Encryption code: DE95BA3IBDFO0 -]

lic: License/Maintenance for hspicewin will expire on 1-jan-0f2001.2000
lic: NODE LOCKED DEMO license on host 2f4d &
lic:
Init: hspice initialization file: C:#avanti#Hspice2001.2#hspice.ini
init: begin read circuit files, cpu clock= 1.16E+00
option list
option node
init: end read circuit files, cpu clock= 1.94E+00 memory= 557 kb
init: begin check errors, cpu clock= 1.94E+00
init: end check errors, cpu clock= 1.94E+00 memory= 555 kb
init: begin setup matrix, pivot= 10 cpu clock= 1.94E+00
establish matrix — done, cpu clock= 1.94E+00 memory= 558 kb
re-order matrix — done, cpu clock= 1.94E+00 memory= 558 kb
init: end setup matrix, cpu clock= 1.95E+00 memory= 565 kb
dcop: begin deop, cpu clock= 1.95E+00
dcop: end dcop, cpu clock= 1.95E+00 memory= 566 kb tot_iter= 7
output: c:Havantithspice2001.2#seckex.tr
sweep: tran tran0  begin, stop_t= 3.00E-03 ¥sweeps=""** cpu clock= 1.95E+00
tran: time= 3.00050C-04 tot_iter= 1204 conv_iter= 602
tran: time= 6.00050E-04 tot_iter= 2404 conv_iter= 1202
tran: time= 9.00050E-04 tot_iter= 3604 conv_iter= 1802
tran: time= 1.20005E-03 tot_iter= 4804 conv_iter= 2402
trlan: time= 1.50005E-03 tot_iter= 6004 conv_iter= 3002
1




6.2 PC Hspice

Error simulation
Avanwaves
- 0] x|
File Configuration Tool Help
Design |c:ka?anti\hxpinezﬂl]1 2hsechexl . sp
Title |imrert£=l
Listing |c:\avantikhspice?ﬂl]1 2hzechex] lis
Yersion |C:\avantitHspice2001.2\BIN\hspice.ex v| MultiCpu Option | j
. — .~
/M s MERG
AW A:IRERIERN
Cpen Simulate vanwaves /Multi-jobs Edit LL Edit ML E
'VER:2001.2

Error Edit LL(=.lis)
s file error



ation

/
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6.3 Nand gate S,

10N

Nand gate simulat

- YCE >

“

+ “ & “
+ - & -
+ “ & “
+ “ & “
+ - & -
+ “ & “
+ % * %
+ - & -
+ “ & “
+ % * %

+ “ & “
+ “ & “
+ “ & “
+ % * %
+ “ & “
+ “ & “
+ % * %
+ “ & “
+ “ & “
+ % * %
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+ “ & “
+ % * %

B +
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