Analog IC Design Homework 2 (1/5)

® 1. iz * CIC0.18um 1.8V SPICE Model (cic018.)

o 2. ;%‘%:Q"{P 2Fig. 1977 2 /B E B c WA BY 20k PRE? LT F Ll 4er 8
e R D GRP heIld o ¥ A Y P{*LFig. 1977 2 BT REHF T RME-*FR)
# >3 mbranch s ‘Mfr% igﬁlSpA v ¥ Vo > 0.15V & V o > 0.15V -

® 3. it 2ARFLHEBIRT S ;{*Her 2 Fig. 2#77 ertwo-stage CMOS OPAMP - 4p
% Lﬁ’hi‘lir"f:

¢ Unity-gain frequency = 280 MHz ¢ Slew rate (rise and fall) = 110 V/us
¢ Phase margin(g,,): 60°<¢,, < 66" ¢ Load capacitance = 2 pF
¢ DC gain =262 dB ¢ Power supply Vo, = 1.8V

® 4. & * HSPICE(:testbench_AC.sp, testbench_SR.spipl )% 2 #1% 3+ 2. Bias circuit -
two-stage CMOS OPAMP > i 7 & 47+ 5 2 HSPICES% & v % o

® Deadline (#) % & 043 % )
. 10/01/2023(Sun )11:59:50 pm » #& % 1% 104 (14 % A 1004 24) -
® 1XER
- A= o AR RE S ZIpE B L 4 HWH S5 &) 1 HW2_E24086535.zip -
¥ % (7 Wordsg £ % HSpiced# ;" 75 (.sp4h &2 .Ciry)) & 2 moodle -
F R~ 12pt (P &4 %8 > & < Times New Roman) -
YR IEEEY @R 2> ’iﬁ—kﬂ 47 R K E 5300dpi -k F B2 E <) Z1MB -

* 6 ¢ o
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Analog IC Design Homework 2 (2/5)

® Circuit diagram

Voo TTT T : : """""""""""""""""""""" L
: Vop 1 Vo ® :
AW STHCEIT™ S [ |
| s
P M _T_ 2l a MI1 |v|12= :
e | 1 :
|
|

JVELS THCS T STl S L. TN :
| in— in+ |
I R R !
I M5 1 n2 n3¢ c¥TL___3¢ Lo Voui
I | LR wve ! ! I il L -[_& I
| 11 = i
1 = | ' c, |
| R ] >{M10 M13' P | :

11 g ® -
i  =GND il !—GND :
e L Yy S S J

Fig. 1: Bias Circuit Fig. 2 : Two Stage OPAMP
® Note:

¢ Follow design rules of maximum and minimum transistor width and length.
> Lyin=0.18um, L,,=50um, W,,,=0.25um, W ,,=100um
¢ External voltage or current sources are not allowed except 1.8V supply voltage and
input common mode voltage.
¢ Input common mode voltage #p 73K 353 & L= FIp
¢ 3i¢ * Cadence Virtuosoz® = Schematic » I & I .Cirfy i& (7 % &

max
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Analog IC Design Homework 2 (3/5)

® Your report should include
& JHEZUER
& HSPICES =% #E %
» HSPICEt (3 ok 5% 7 & T fo 2 & 20T 8 i 00 (R 4oP.5 4 bl o 0 TR
B_)> 2Rt 2 Bagﬁﬁ% EF s AN T R E Ty kTR
> Note: 12 j13 4 r4.measure#-phase marginz- Eunity gain freq. & #show &= SPICE
ﬁ;‘f]»lr% FRHY 0d N Z R A AAMEE T FpAITEZ 7 Mt A4 Bl( 7 Gain=
&g ) gk A Bl (Slew rate) > TN EB P tRT SRE S S

¢ Virtuoso schematic
> R LCirdh e 7B
Calculating the input common mode range and output swing
Area (should include bias circuit & two stage opamp)
> MOSFET: Please calculate the sum of the W*L for all the MOS used in the

designed circuit.
J Avos = Z\Nu xL

* o

» Capacitor: Just show the capacitance (if used)

» Resistor: Just show the resistance (if used)
Total current and power consumption (should include bias circuit & two stage opamp)
Fote & (AeP.4T 2 977)

¢ o

Prof. Tai-Haur Kuo, EE, NCKU, Tainan City, Taiwan 3 Analog IC Design, 2023



Analog IC Design Homework 2 (4/5)

® EoRi
& pITHEB.SPALHTA A A o R 2L R EARZ W 0 B RS R H AR IR A o
& FELET L ﬁwﬁﬂ—‘:p i * 4oP.297F 20 LA o
o P F R HRIL 0 D P EAL - E S BT Rerbranch ik < )~ Veffis &
7B RIGE 6 ) 0 55T PS5 e
. éﬁ» MNE R ﬁf-,bi’ PHOH I 5 BRI 3 IR A AT A R
& LEIIFERFTH{HT o #] power consumption frii | area o~ Heir B o
® itHW2IR L dfs— F 4 2T 4 o I BE e it
WL FE
DC gain (dB)
Unit-gain bandwidth (MHz)
Phase margin
Rising (V/us)
Falling (V/us)
Input common-mode range
Output swing
Area (um?)
Total current (uA)

Slew rate
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,::F’
® I
® it

4.35uA

<

Analog |C Desigh Homework 2 (5/5)

o (k3

| (B e

o2ty

a=1.08V,

>

o+ 414 B(P.2 Fig. 1 & Fig. 2)-

L =

M2

M4

I b=1.46Vv

d=0.69V

I c=0.7v

= GND

—

M6

F ¥

[P

2
RS

Vil

T B ¥Zbranch@ i = ]

4.42uA

R

1 5:)

$— Total I=8.77uA

. 2 2
® Vg 5k (7o listHimigiF)
element O:ml 0:im2 O:m3 0:m4 0:m5 0:mé&
model O:p_18.1 O:p_18.1 O:p_18.1 O:p_18.1 O:n_18.1 O:in_18.1
| Tegion Saturati SATUracli SAtUuratli SAaturatli Saturati caturatli |
id —-4,3473u -4.4180u -4,3473u -4.4180u 4.3261u 4.4180u
ibs 1.598e-21 1.624e-21 13.9675a 14.86963a -25.1826a -24.1428a
ibd 13.9643a2 14.6930a 42,2872a 66.1813a -97.2083a -60.1641a
Vs -725.0080m -725.0080m -768,2064m -755.7124m 637.6708m 69%9.16%0m
wd= -235.4341m -251.9280m -485,5739%m -882.7238Bm 796.5523m 382.406Tm
vhbs Q. 0. 239.4341m 251.9280m -278.4397m -266.9415m
vth -507.7206m —-507.6434m -569.5798m -569.7012m 4495.3836m 453.1541m
wdsat -250.2910m -250.3473m -240,5100m -230.5891m 240.1984m 245.8523m
vod -217.2874m -217.3646m —198.6265m —186.011m J3IB.287Im  J46.0149m|
beta 171.8590u 171.8716u 165.3343u 165.7395u 141.8257u  141.8204u
gam =ff 557.0845m 557.0845m 555.4377Tm 555.3567Tm 514.71%98m 514.4379m
gom 27.8375u 28.6579% 32.4418u 34.7200u 31.19%96un 30.47395u
gds 5.995%u 5.33%1u 1.9385u 1.2406u 602.9213n 1.2151u
gk 8.3425u 8.5761lu 8,.5525u 9.0131u 4.,3764u 4,3676u
cdtot 602.2694a 585.6395a 516.0501a 481.1%13z2 419.0156a 455.6877a
cgtot 637.8033a 636.1121a 626.283%2 624.9136a 961.9485a 965.96%98a
cstot 1.0546L 1.0547f 955.430%a 991.7572a 1.2412f% 1.2437f
cbktot 1.1033f 1.1010f 974.661%9a 938.16622 £891.8941a 1923.0924a
cgs 472.5061a 472.3538a 473.5485a 471.8366a T87.5885a 780.1812a
cgd 128.0263a 125.9915a2 116.8744a 116.3205az 29.1763a 92.5485a
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Appendix 1: Design Flow of Bias Circuit

® Step 1: K L lyg i Ve = Find (%)6

1., , (W
* lye =2Kn (T)e (Vgss — VO (1 + AVps)

1., , (W
> Tvg = 7K' () Verrs™ (1 + AVps)

[ StepZ:f&:%;R-)Find(%) <-| C ||'—'

5 M5 M6
® Verre = Verrs + Ims * R
1 w R
¢ Iys = Kn' (T)s Vefrs (1 + AVps) % l
2 IMS - IM6 = GND

® Step 3: X FM1~M4z_size > ¢ H ik it hbefo® » Veff 2 & 4]

® Step 4: 3k 3*tstart up circuit
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Appendix 2: Design Flow of Two Stage OPAMP

Step 1: i+ % Cc (- 4C® € /] % C > % % §H X FREG A > =] § LI R4T 3 HPE)

=~ 2f; f ftzgﬂ') FF 8my,

Step2: ¢ @, =90° — tan™ 1(ft/f ) = 63" > fp, = 21TCL 2nCc

Step 3: 4 Slew rate(SR) < =+ I“ &

> C.e P SREFF®B LA 21> £ 1y~ Iy

CC+CL
. . O(ID _ .
Step 4: ¢ DC Gain A, = Fﬁz (Fog1T0,0)8m s (Mo, 11Toy,) P 112 = 11z D FHF Vg

L 2 Mgﬁ.‘g MlOEﬂSIZGI g Q:\Vgsl?)ﬁj ’J‘ ’ (W/L)g ~10 l"‘ ;l ’_‘L ’3" N :'1 E’ﬁvefflg
R

1

¢ Mcssize® d R4 PR E 2 258 Re = ——————
n (T)Mc( GSpe— Vi)

Note: n3& V ik B B ¢ - T M8 ~ M10 ~ M125¥M13 4k 1F % 3
& AoV Pin /&R ELE M > EM134&iTLinear region ¢ ¢ #2FGains= ] (ro% -])
& FATEAE xR FRHKE M Vge13 ’ )’T}L'\?’ R AV cl/-.3 IS
& % Vgyrbias B ™ > 2 M91, M10 1 & M13 |
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Appendix 3: Information of Slew Rate

® :}6-29, 6-3074 ¥ % % : Slew rate(SR) = ‘Cl—l e I S O
C
& FlidE 2§60 5 &iideal OPF £C,
& F 1,873~ = Slewrate(SR) = 11—1
C
& ¥1,7% 4+ > Slewrate(SR) < 11—1 & - Ifc g 5“—/_
C L
VDD
® Rising & Falling z_ Slew rate(SR)
< F VA /E /P .E' KIT F /ﬁ\rl ao-l_l Mll I\EI
é'[ I 1
To Vouto-l M7 M8 Vi, _$_ | _/_
I11 M * CC - Vout
no [ " ‘ 1 ®1-0
M9 10 |v|13= = C
2 v

— GND

Positive slewing
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Appendix 4: CIC tk 5r® 3 & & * Zp!

® 1.7 F&" 'LC|C*5§’*JTJPE'§ I STy, o
2 i—Pﬁ'%%— “J— )\B’-J-;‘a l/passwd;}ﬂ_’ l}rI E% y 1) 9@7@;‘;% 4_‘;*:’3 .

® 2 i * CIC0.18um 1.8V SPICE Model (cic018.1)
® 3.3 testbench” éi;‘l SRR P ® A2 HE T o
.protect
lib '/hnome/ncku_class/analog2023/analog23000/cic018.I tt
.unprotect
® 4. i * hspice'” % spice explorer
¢ :ifl/nome/ncku_class/analog2023/analog230004f fsetup.cshrct g & HF 2 &
& LR AL v"termmalﬁiﬂ »~ source setup.cshrce 3| 1IR3 {F = 7 2 4, o
® 5. #iThspicez 45 £ : hspice -i test.sp -0 test.lis

® 6.3 {7virtuosoz 4 £ ° virtuoso

® 7.3 {7custom explorerz_ i £
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Cadence Virtuoso Schematic Guide
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Outline

Launch Cadence Virtuoso
Create a new library
Create a new cell
Construction of circuit

¢ Instances

¢ Wires and pins

¢ Voltage sources

¢ Example
® EXxport circuits
® HSPICE verification

Prof. Tai-Haur Kuo, EE, NCKU, Tainan City, Taiwan 11
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Launch Cadence Virtuoso

® Step 1: Launch terminal
® Step 2: Command “virtuoso”

Terminal

File Edit Wiew 5Search Terminal Help

[analog22BB@cic-svr ~]% source setup.cshrc

License of Synopsys physical tools is already set!
License of Synopsys physical tools is already set!
License of Synopsys physical tools is already set!
set IC wersion: IC ©86.18.846 (default)

License of Synopsys physical tools is already set!
set_calibre version : aoi cal 2816.4 15.11

analog22BB@cic-svr ~]% virtuoso

Custom IC Design Tools
Yituoso® Front to Back Design Environment

Prof. Tai-Haur Kuo, EE, NCKU, Tainan City, Taiwan 12 Analog IC Design, 2023



Create a New Library (1/2)

® Step 1: Select “Tools”
® Step 2: Select “Library Manager”

Virtuoso® 6.1.8-64b - Log: /home/ncku class/analoglll/analog2200/CD5.log
cadence

Step 2

) was checked out successfully. Total checkout time was 1.03s.

Library Path Editor...

HNC-Verilog...
WHDL Toolbox...
ADE Assembler
ADE Explorer
ADE Verifier

ADEL ysical tools Es already set!

vsical tools is already set!
ADE XL ysical tools is already set!
VivA XL lE-..EM-E:' defEU]:t]

- ysical tools is already set!
Behavioral Modeling a0l cal 20816.4 15.11

4 virtuoso

Technology File Manager...
Display Resource Manager...
Abstract Generator...

Print Hierarchy Tree...

Set Cell Type..

CDF
SKILL IDE...
SKILL API Finder

Conversion Toolbox. ..

Uniquify...
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Create a New Library (2/2)

® Under Library Manager
¢ Step 3: Select “File>New>Library”
¢ Step 4: Name your new library
¢ Step 5: Choose “Don’t need a techfile”
¢ Step 6: Check new library is actually created

bra anager: Directo ass/analog analog2200 O [ Technology File for New Library X

Edit View Design Manager Help cadence

Technology File for library "lib_test” 8

[7%) b

et Ste C30 ey o | = Youcan: ' CompileanASCl technology file =
donlys pCt|'+F! Category...  Ctri+N n B

. T — Reference existing technology libraries
Open With... . -

i C;te 5 _ Attach to an existing technology library
Load Defaults... Library N . .
save Defaults.. Name  [iib_test ] I ® Do not need process information: |

4 . 11 7 r' ']
Open Shell Window...  Ctri+P | Directory ﬁ‘]malncku_c\assfanalﬂg11‘Ifana|ngzz[]l]n o = = @ [ CI ICk O K EEI'ICE| HEIP
) E Computer Name - |Size |Type T T
Exit Ctri+X e [ Desktop Folder ||
T E L (B pocuments Folder

rfLib B9 Downloads Folder -
rfTlineLib h B Music Folder |2 ] Virtuoso® 6.1.8-64b - Log: /home/ncku_class/analoglll/analog2200/CD5.log
B Pictures Folder File Tools Options Help
B Public Folder — = =
[ Templates Folder Virtuoso Framework License (111) was checked out successfully. Total checkout time was 1.03s.
f B videos Folder ddCreatelib: Creating a new cds.lib file at '/home/ncku_class/analogli1/analog2200/cds.lib’.
A @ lib_test Folder
Messages CD5.log 3KB log File Library Manager created library "lib_test” | Step 6
L DS log.cdslck B679..t dsl...Fi'—
Log file is "Yhome/ncku_class/analog, o e eese = cosl-Fig
s 1 i« i T
File type __Dile-_l-.wl-e: | i
limouse L M:
1 Design Manager 1 | £

N

MNew Library Use Mo DM . 7 ”
— Compression enabled CI I Ck O K
_ Apply Cancel ¥He\p J
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Create a New Caell

® Under Library Manager

¢ Step 1: Select “File>New>Cell View”

& Step 2: Select your library
¢ Step 3: Name your new cell
¢ Step 4: Click “Session”

({8 Tools Options Help

Virtuoso® 6.1.8-64b - Log: fhome/ncku class/analeglll/analeg2200/CDS.log

Library...

Cellview...

Open..

Import 3

[Step 1

=
——

ed out successfully. Total checkout time was 1.03s.

gt " /home/ncku_class/analoglll/analog2200/cds . 1ib" .

Refresh...
il

Make Read Only...
ake Read Only il

Bookmarks 3

s physical tools is already set!
s physical tools is already set!
s physical tools is already set!
Close Data... B6.18.646 (default)

. s physical tools is already set!
Exit... n : aoi cal 2816.4 15.11
N T AT 0 JAREr T Foeur ~ T8 wi rtinen

1lib_test inverter schematic

Next License

( €@ Y Failed to check out license Virtuoso_Schematic_Editor_L

~File

Library Ll”:'—te'ﬂ—ll Step 2
cell rIWI] Step 3

View schematic

| Type schematic n
Application

Open with schematicsL i)

_ Always use this application for this type of file

Library path file

1efncku_class/analogl11/analog2200/cds . 1ib

Click “OK”

~“ Would you like to check out the next license Virtuoso_Schematic_Editor_XL instead?

Step 4

Skip Always MNever

T

| Cancel Help
| Eh—_.r ——
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Analog IC Design, 2023



Construction of Circuit

® After creating a new cell, the schematic will automatically pump up.

mouse L: schSingleSelectPt()

b

M: schHilousePopUp () R: ddsOpenLibManager ()
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Construction of Circuit: Instances (1/2)

Step 1: Select “Create>Instance” (Hotkey:"i")
Step 2: Click “Browse”
Step 3: Choose “analogLib” library
Step 4: Select required cells

Step 5: Choose “symbol” in view

Launch File Edit View

Virtuoso® Schematic Editor L Editing: lib_test inverter schema

Step 1

- Check Options Window Help

(=~ =k

- - - = —=— e i B
-1 -B-FS S,

| Wire (narrow)

Metsand Pins

T GROUPS
Cells
Types

w s S Uy Ay Wy Bl

Shift+W

L
Space

Navigator 7| 1 wire (wide)
Schematic “ Wire Hame...
inverter
Wire Stubs and Mames
= OBJECTS -
All MNet Expression...
Instances
Mets
Pins

Library lib_test
Cell inverter
Wiew

Names

Add Instance

Browse |

Step 2

& Add Wire Stubs at:

==

n
Instance
=

Array

— allterminals & registered terminals only |
Rows 1

A% Rotate
- e’

[ Hide JRENIE

Columns 1

Ak Sideways = Upside Down

Defaults | Help

Popular cells:
Capacitor: “cap”
Resistor: “res”
NMOS: “nmos4”
PMOS: “pmos4”

[ Library Browser - Add Instance =0
) _ Show Categories
Library Cell View
B- v B- v B-
—E) analogLib > | iy prmosd l - b symbol o
US_8ths 2]0 \-5 poevs by View ~ | Lock Size |
abdllib pdc auCdl 19k
Vel | [pdiode aulvs 19K
basic pexp hspiceD 20k
cdsDefTechLib phyres spectre 19k
lib_test pifet symbol_xform 13k
rfExamples pmind
rfLib pmos =
rfTlineLib pmost 9
pnp
port
port3t
pprobs
S ppulse 4
ep _
nresistor e
il i |

Prof. Tai-Haur Kuo, EE, NCKU, Tainan City, Taiwan
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Construction of Circuit

. Instances (2/2)

® Step 6: Edit instance property (Example: pmos4)

| Edit Object Properties
Apply To only current i@ instance |3
Show _ system » user & CDF
Browse Reset Instance Labels Display
Property Value

Library Name analoglLib

Cell Name pmos4

View Name symbol

Name Instance Mame mp 1

CDF Parameter

Add Delete Modify

Display
'-:.fr =
- [ -
- [
off K
Display

Definition of ggyibes

Model name p_18
Width 250n M
Length 1EO0Nn M

i - ||

Prof. Tai-Haur Kuo, EE, NCKU, Tainan City, Taiwan 18
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Construction of Circuit: Wires and Pins

® Add wire: “w” (Hotkey)

¢ Select two nodes to wire each other
® Add pin: “p” (Hotkey)

¢ Name: Defined by designer

¢ Direction: input/output

Create Pin [ ] Create Pin

Names Jrout|

Names

Directiory Direction Joutput

input

Usage schematic Usage schematic

oo
ool B

Signal Type signal

_ Expand busses — Expand busses

_ Place multiple pins _ Place multiple pins

» Net Expression __ Attach to pin * Net Expression _ Attach to pin

» Supply Sensitivity > Supply Sensitivity

Rotation W -Re-

A
&

Rotation 42 ) 2

A
5

m‘ Cancel Defaults . Help b m Lancel Defauits Help
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Construction of Circuit: Voltage Sources

® Step 1: Choose “analogLib” library
® Step 2: Select required voltage sources
® Step 3: Choose “symbol” in view

vdd

[ Add Instance

Library analoglib H Browse
Cell vd n
m
View symbol '
Mames [udcﬂ ]

» add Wire Stubs at:

— allterminals #& registered terminals only
Array Rows 1 Columns 1

: A~ Rotate

_—

m Cancel Defaults Help

Ak sideways = Upside Down

gnd

[~ | Add Instance
Library analoglib n Browse
g Cell gnd '
i .
View symbol '
MNarmes gnd l

1 # Add Wire Stubs at:

:I - allterminals #& registered terminals only
Array Rows 1 Columns 1
42 Rotate Ak sideways &5 Upside Down

m _ EGancel | Defaults | Help

Prof. Tai-Haur Kuo, EE, NCKU, Tainan City, Taiwan
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Construction of Circuit: Example

® Circuit example: Inverter

Save your circuit: “Shift+x” (Hotkey)

Voltage source: vdd

P

o T T
pmos4 - I o
\ Wipt

<
_. .

B
Input pin  — in . | _T —Jp cut — Output pin
Mn1

/gy

N Voltage source: gnd

nmos4
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Export Circuits

Step 1: Select “File>Export>CDL”

Step 2: Click “Library Browser”

Step 3: Select required cell

Step 4: Select “schematic” in view

Step 5: Name your output file (Filename extension: .cir)

Step 6: Check th tation | ful =
p o ec € exportation IS successiu =
Template File
r] Virtuoso® 6.1.8-64b - Log: /home/ncku_class/analoglll/analog2200/CD5.log Browse Load Save
I 5[0 Tools Options Help cadence
o ~Design to be Netlisted 1
New > -
Step l I Library Name lib_test Library Browser... =
Open... =
Impert 4 Top Cell HName inverter
EDIF200... __ :
- coL...
Make Read Only.. i Y . . .
DEF... . | = Switch Wiew List ch cmos.sch gate.sch symbol
Template File
Bookmarks 3 LEF...
. : Stream. ! Browse... Load.. ge%e p 2 ‘ Stop Wiew List cdl Ste p 5
1lib_test inverter schematic -
DASIS || ~Design to be Netlisted Output
el L Library Mame analoglib H 5 ‘#
Cutput CDL Metlist File [inv.cir l Aie
n : aoi cal 28]
Oh@Ecic-svr ~1% v:LrtuosuI Top Cell Hame pmos4 |
Run Director . Browse...
[ Library Browser - CDL Out -0 X b —
— Show Categories MNetlisting Mode & Digital _ Analog
Library Cell Run in Background L)
v 4 n v IS5
y — L Renetlist L -
T b test v B inverter 7 .
US_8ths @D crcel  pefauts  sppy . Help
ahdiLib
analoglib Analysis Job Succeeded
basic
cdsDefTechLib i, lob Yhome/ncku_class/analog]11/analog2200/" that was started at 'Sep 19 13:24:05 2022 ha
functional =

Cancel | | _Help Step 6
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HSPICE Verification (1/2)

® Step 1: Find the exported file (.cir file)
® Step 2: Re-define voltage sources

¢ If you define vdd and gnd as pins: Jump to next page to continue

¢ If you define vdd and gnd as voltage sources
> Step 2-1: Delete definition of voltage sources
> Step 2-2: Replace “vdd!(gnd!)” to “vdd(gnd)”
> Step 2-3: Add “vdd” and “gnd” as pins

el Schematic_Guide - File Browser =
File Edit View Go Bookmarks Help

@ . @ @ & O k=
Back Up Reload Home Computer Search
(2] | «| @ wew || Aic_2014 || Schematic_Guide @ 100% @ | View as Icons | 4 |
Places™ x [~ .’j |j
& =J [ I
@ Desktop ihnl lib_test map
O File System P

L -
raw cds lib inv_allpin.cir
5 O B
/ J
inv_allpin .cir~ inverter.cir inverter.cir~
L —J
inv_global.cir inv_global.cir~ libManager.log

42 items, Free space: 269.0 GB

.GLOBAL gnd! i
+ vdd! Step 2-1

A A WA WA W AW W A WA WA WA A WA A WA W WA W WA WA WA WA WA WA WA WA W AW WA WL WA WA WA WA WA WA WA WA W WA W WA WL WA

* Library Name: lib_test

* Cell Name: inverter

* View Name: schematic
*kkkkkkkkkkkkkkhkkkkhkkhhkkhkkhhkkhhkkkhhhkkhhkkhhhkkhikkikikx
.SUBCKT inverter in out

* PININFO in:l out:O

MMp1 out infvdd! vdd! PM W=250n L=180n
MMn1 out infgnd! gnd! NM W=250n L=180n

.ENDS Step 2-2

.SUBCKT inverter in outlvdd gnd |
Step 2

* PININFO in:l out:O

MMp1 out in vdd vdd PM W=250n L=180n
MMn1 out in gnd gnd NM W=250n L=180n
.ENDS
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HSPICE Verification (2/2)

® Step 3: Replace devices name (PM - P_18;NM > N_18)

kkkkkkkkkkkkkkkkhkkkhkhkhhkhkhkhhkkkkhkkkkhkkkkkkkkhkkkkkkkx

* Library Name: lib_test
* Cell Name: inverter
*View Name: schematic

kkkkkkkkkkkkkhkkhhkhkhkhkhhkhhkkhkkkkhkkkkkkkkkkkkkkkkkkkx

.SUBCKT inverter in out vdd gnd

Step 3

.SUBCKT inverter}in out vdd gnd | Pin orde¢
* PININFO gnd:l in:I vdd:l out:O ord

MMp1 out in vdd vdd|P_18W=250n L=180n
MMn1 out in gnd gnd|N_18W=250n L=180n

ENDS—— "

3%
=

* PININFO gnd:l in:l vdd:l out:Q
MMp1 out in vdd vdd|PM W=250n L=180n
MMn1 out in gnd gng NM|W=250n L=180n

.ENDS

P.S. The pin order of the SUBCKT should be checked
which must be the same as the one in testbench!

Step 4: Include your circuit in HSPICE testbench

Step 5: Run simulation and verification

.protect
Jib '/home/ncku_class/analog2018/analog1800/cic018.I" tt
.unprotect

Step 4

.include 'inv_allpin.cir'

Vvdd vdd 0 1.8 *Power Source*
Vinin 0 pulse(0 1.8 2n 2n 2n 50n 104n) *Input Signal*
Xinvjin out vdd gndjinverter *Call Subckt*

.tran 1p 314n *Transient Analysis*
.option post

.end

PI L1 |5[?n| 1 |]|'DIDr|1|

Bviin) 1.8:20n)

150n  200n 250n  300n
TR Y T N Y N A Y '

1.2
0.8

0.4

0
Bviout) 1.8]lin)

}_
1.2
0.8
0.4

0
TIMEGsed) (i) 0 50n

'100n  150n  200n  250m  300n
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