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else if(B==1)
Y=C|D;
else
Y =C;
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digita

circuit

Do T > I

Synthesis Library

module inv(a, zn);
intput a; output zn;
assign zn = ~a;

endmodule

Simulation Library

P&R Library

sign

»,
B

RTL Description

BN Verilog € 0| Z &t

RTL Simulation
(Verilog-XL)

L_ » coding & function
]

)

Synthesis
(Synopsys DesignCompiler)

N Computer Jb &0t
L_ ¥ A =& gate
/

Gate-level Simulation
(Verilog-XL)

¥ level C|rcuit design

Place & Route
(Avant! Apolio)

=N Computer Jt &0t
L-/ AN oll == Layout

Fabrication
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TR level circuit simulator! — text J| Bt
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Netlist file
(Inverter,
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v

Test file
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Hspice
simulator
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>
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\
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log file
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results file
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“HIspice sim
Example> Inverter & H|

ICCAD@train##]
ICCAD@train##]

v" |
ul N

2! simulation

[userl/train##/ > mkdir hspice
[userl/train##/ > cd hspice

ICCAD@train##]

IS

[ICCAD@train##]

[userl/train##/ hspice>

cp /userl/master/hspice/netlist.sp .
cp /userl/master/hspice/PMOS VTL.Inc .
cp /userl/master/hspice/NMOS_VTL.inc .

[userl/train##/ hspice> vi netlist.sp
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w |
ispice simul’ W
Example> Inverter & H| 3! simulation

vdd Netlist

.subckt Inverter out in vdd vss

M_p out in vdd vdd PMOS_VTL w=10u |=0.05u
M_n out in vss vss NMOS VTL w=5u [=0.05u
.ends

Inverter

subckt][lnverter[)ut in vdd VSS

A

QE Ol 32 HlZ0lAMd £0l= port =

in

kQI'
|'CJ
mln

r

VSS
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pice simulaw P;

Example> Inverter & H| 3! simulation

vdd Netlist

.subckt Inverter out in vdd vss

M_p out in vdd vdd PMOS_VTL w=10u |=0.05u
M_n out in vss vss NMOS VTL w=5u [=0.05u
.ends

Inverter

Mosfet Drain 2 Gate 2| Source 2| Bulk 2
out & OIZ node H node ™ node™ noded™

o o4 o4 4 O

M p out in vdd vdd
PMOS VTL w=10u [=0.05u

g 2 Sg

Mosfet 2| type Mosfet 2| width 2} length

in

r

VSS
Inverter & H 2!
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Example> Inverter & H| 3! simulation

[ICCAD@train##]/userl/train##/ hspice>
cp /userl/master/hspice/inv_sim.sp .

[ICCAD @train##]/userl/train##/ hspice> vi inv_sim.sp

11 +  YONSEI UNIVERSITY
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Example> Inverter & H| 3! simulation

DC simulation

al
.include 'PMOS_VTL.inc' mcﬁ%: -
vdd .include 'NMOS_VTL.inc' oo
T .include 'netlist.sp' Ee=E =
20|
.OPTIONS POST NODE LIST
In Out
Inverter V1vdd 01 \;/O'Ege 3=
¥ p— V2vss00 ofl ==
Vin in vss 0.5
V vss Inverter 2t= 32 {27
V VSS x_iny_out N vdd vss _Inverter
(c_out_out vss _1p] capcitor & °
Vin 0| 2t= voltage source = |:>l dc Vin 0 1 0.001
0.001 &t = 00 A 1IHAl HHSFA] END
3N 222 node =2 80| O

= 9| ¢/'=X| simulation 312}, - ~  YONSEI UNIVERSITY



B pice Si W

Example> Inverter & H| 3! simulation

[ICCAD@train##]/userl/train##/ hspice>
hspice inv_sim.sp > a.lis &

[ICCAD@train##]/userl/train##/ hspice> >info :
**** hspice jab concluded

[ICCAD@train##]/userl/train##/ hspice> cscope &
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X’"“'*-g - =
‘Hspice simulation

Example> Inverter & H % simulation
Its &olol)|

CosmosScope (Th)
Fle Edit Graph Sighal Axis Tools Window Help

Fle Plotfile Help

Signal filter | [ open Protfites...
Plotfiles Close Motfiles |
Display Plutﬁles'
Setup... |

Match All |

/ Close |

Graph

i~ =

‘% ig:[” *\ | ‘@ Cosmos Scope
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‘Hspice simula

Example> Inverter & H % simulation
Its &olol)|

Cosmosscope (Th)

Fle Edit Graph Signal Axis Tools Windowr

R Open Ploffiles Help

il Open Flutﬁles...|

E]inv_sim.sw0 Display Plotfiles|

0| H HE=282I __ Setup... |
=2

_ Machal |

/ Close |

&% GraphD

Directory: fuserl imaster/hspice

|-

P~ [

File names: I || o

Files of type: HSPICE (*.tr*,".ac™,”.sw™,*.ft*)

DC sweep 2 1t: filed. sw0
AC sweep Z 1 fileH. ac0
Transient sweep & 1t: fileH. tr0

EEETRN @ o |
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Hspice simulation

Example> Inverter & H % simulation

(13 inv_sinm, i =& Graph0 =l 8

Graph0

D S (V) - VOLTS(V)

wiin)

Filter{delim=";"} |

i{vdd)

P
fout)

S i(vin)

)

il

05
VOLTS(V)

Plot | Match | Deselect| Close |

16 +  YONSEI UNIVERSITY



pice simul

Example> Inverter & H| 3! simulation

AC simulation

T vdd

In

Inverter
@
v 0 ves

Ac sweep = frequency ==
decade @< 2 G6t04, 2t decade Ot
Ct 100074 2| data E & 11,

Out

v VSS

=

include 'PMOS_VTL.inc'
include 'NMOS_VTL.inc'
.include 'netlist.sp'

.OPTIONS POST NODE LIST

100KHZ 0l A S & 10GHz )t Xl 2

Vivdd 01

V2vss0O0

Vin in wvss 05 aczl]

X_inv out in vdd vss Inverter
c out out wvss 1p

.ac__dec 1000 100K 10g )
.END

== SES

= 2= simulation ol 2t
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Example> Inverter & H % simulation

s = loh)|
CosmosScope [Th)

Fle Edit Graph Signal Axis Tools Windows Open Plotfiles

‘Hspice simula

Help

i | St =) .. . [ | P23
ﬂ‘;w‘::‘ B‘g“u‘ ‘}H“ Directory: fuserl imasterfhspice — | r L/ | open Protiiles...
<5 B - - Close MPlotfiles |
inv_sim.ach
El inv_sim.sw0 Ol j-l [:_I == Eﬂ,l I Display Plotfiles|
Setup... |
Match Al |
| / Close |
ol
~ [
Fle names: I | | open
Files of type: HSPICE (*.tr*,".ac*,”.sw",".ft") = | Cancel

DC sweep 2 1t: filed. sw0
AC sweep Z 1 fileH. ac0
Transient sweep & 1t: fileH. tr0

AN

‘@ Cosmos Scope |
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Example> Inverter & H % simulation

(23 iny_sirm,acl

File Signal

Filter(delim=";"} |

==

i(vdd)
ifwin}
ifvss)
v{0)
v(in)
v{out)
vi{vdd)
v(vss)

5 RENEREN N

2l 1]

U
UL >
W

=
B
I~ [

J

¥

r10
=

X Axis: T aet | Default'

Plot | Match | Deselect | Close ||

Hspice simulation

A% Graph0

=131 X

Graph0
BV ;- f{Hz)

dBiv (out))

(deg) : fiH=)

Fhase(viouf))

10mey 100meg
f{Hz)
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pice simul

Example> Inverter & H| 3! simulation

“—

transient simulation

T vdd

In Out

Inverter

include ‘PMOS_VTL.inc'
include 'NMOS_VTL.inc'
.include 'netlist.sp'

.OPTIONS POST NODE LIST

VivddO1
V2vss 0O
Vin__in_vss sin(0.50.5 100x)

O

Y

v VSS

% VSS

0.5V £ 0.5V 2] swing = JtAl=
100MHz 2] sin It &A1& M4

Transient sweep = 1ps 0tC} data

1

= %01 Al 100ns Wbl simulation
oH ct

X_inv out in vdd vss Inverter
c out out wvss 1p

qran 1p 100n

.END
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‘Hspice simula

Example> Inverter & H % simulation
Its &olol)|

Cosmosscope (Th)
File Edit Graph Signal Axis Tools Window Hpe REtR Sl {IEES ol
. —T= ep
iﬂ‘%‘@%‘ Eﬂ@“u‘ f}{h“‘ @‘4 Directory: fuserlfmasterfhspice _-l | il Open Plotfiles...|

&% GraphD
Close Flotfiles |

E] inv_sim.acD

E.lnum.ﬁuﬂ] Display Plotfiles|
inv_sim.trd
E) = Setup... |

OIAH L322l Y |
Close |
|-
~ =
File names: [=00 Open

= | Cancel

Files of type: HSPICE (*.tr*,".ac*,*.sw™",".ft")

DC sweep 2 1t: filed. sw0
AC sweep Z 1 fileH. ac0
Transient sweep & 1t: fileH. tr0

EEETRN @ o |
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Hspice simulation

Example> Inverter & H| 3! simulation

(3 inw_sirm,tr0 & Graph0 18l %
Hile Signal ‘ Graph0
Filter(delim=";") | il

2u - j(wdd) Y
e j(win)
24 j(wss)
2u w0y
v{in)
24 w{out)
Pl \I’{\l"ﬂﬂ] Io -+ %:I
) v{vss) E_lj_ I — .U- S
B 3eal)
= .|
i

Pl =
= Ais: I i set | Default|
Flot | Match | Deselect | Close |
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=cl0ld i
SIYe]

DC, AC, Transient sweep = It

=) (dlfferentlal ampllfler) Ol EH H A
Differential input signal generator

W=1.9u
vin in vss ac=1
Voff off vss 0.75

W=1.9u F 4
L0.0L EVL 0.05u
Outn Einp inp off in vss 0.5
Einn inn off in vss -0.5
‘ NN \wbias vbias  vss 0.7

Outp
dc vin -0.5 0.5 0.001

N,

W=5u W=5u
o_l L=0.05u L=0.05u
INp
t‘ Vir_gnd
.ac dec 1000 100k 10g
W=10u tran 1p 100n
2= NMOS 2] bulk = vss £
= PMOS 2| bulk = vdd & H &1
) %NSEI UNIVERSITY

Vbias o—l L=0.3u

Vss

23



TAppendix

« Parameter & & ! parameter sweep

Hspice netlist 0l M parameter & & 2 Ct= 4 2 0] StCh OIE =0 ™ dc voltage 8¢
= cont 2t= parameter (H=) gf2 & X[ &ot) A CHH

Vcont cont VSS ‘cont’

ot 0| oH0ll H==gt= M =8 =L 2l
Jparam cont=0.6

J 20l &0l cont 0il= 0.6 Ol &t gt0l S0 JtH =l L.
Cont gt = HH3¥ JtH parameteric sweep = ot &,

.dc VX 0 1 0.001 sweep cont 0 1 0.1
J 20| E8oli=CE Ol H off =S, contgf= 0 UlAl 1 DtAl 0.1 & BHASHAII[0H 10
HBt=35H0] dc sweep 2 ot Al & CF.

Ol = ac sweep, transient sweep HA & Ot& IR =2 B =& = UL

—

.ac dec 1000 100k 10g sweep cont 0 1 0.1
tran 1p 100n  sweep cont 0 1 0.1
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Appendix

« Cosmos scope measurement tool

Fle Edit Graph Signal Axis Tools Window Help

& 5le|®@ls| XB6 2L0 .

% GraphD

Graph0

=

=121

e AR N

@ CosmosScope

25

Measurernent

Edit

Measurement:

Active graph:

Signal:

X value:

Apply measurement to:
# Entire waveform
~ ¥isible X and ¥ range only
~ Defined X and ¥ range

Apply | Close |

Defaults |

Measurement tool % & At= oA I}
S0l CHet Hel 2= E2E A
QUL UIE = WE 2| =1t
swing =, rising time, falling tim
S 2D ANS W NS WAL LK
1) measurement tool = 0| Za6tct
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