Analog IC Design Homework 2 (1/5)

® 3FP:Two-stage CMOS OPAMP and bias circuit

1. # i * 0.18um, 16nm & # # { L& % SPICE Model (’f £ = Moodle % %)

2. 5% %%P2Fig. 19t m 2 HmBRTE - RRaBY 228 PRE? LT FZLB el 4o r 2
W TR D AP R o i i;a.T ;,{’LFlg. 19777 2. BT BB TRk T R) > i@
>R mbranch & B e ZEI5PA 0 & Vg > 0.15V £ V4 > 0.15V -

3.kt 2. KL HBTRT S ""gz{*%rP.Z Fig. 2#17 ertwo-stage CMOS OPAMP > #p
B A2 4T _

& Unity-gain frequency > 230 MHz ¢ Slew rate (rise and fall) = 110 V/us
¢ Phase margin(g,,): 60°<¢p,, <66~ & Load capacitance = 2 pF
¢ DC gain = 64 dB ¢ Power supply Vpp = 1.8V

(16nm ADFP V,p < 1.05V)

4. ¢ * HSPICE( testbench_AC.sp, testbench_SR.spip|:#) % # #73K 3+ 2 Bias circuit f-
two-stage CMOS OPAMP > b i ¥ & 45 £ 5 2 HSPICES: 7« % o

® Deadline (4 2 Hp L4y X 104 o)
¢ 10/12/2025(Sun.)11:59:59 pm » 4& < #p *210/15/2025 8:30:00 am= #& < 1% =204
(72 5% 4 1004 34)
® iREF
@ 0.18UMA AR A B & B H T T2 R
i * 16nme i PR § R Rp g T R4 R A
— Ao AR j‘@ = ZipAH T B~ L5 HWH_E 50 > &) TTHW2_N26000000.zip °
ﬁ&;}zﬁ‘j-’@c(; Word*l;’ Pgwerp0|nt e ﬂ%i HSpiceiz ;% 75 (.spi¥ £2 .cirkk)) + & % moodie o
FHR P 12pt (P < Rt kY o 4:: N Tlmes New Roman)
RIRIEEE} BR 2 > 5 %-F 7 ﬁ"—r’}’?)i %300dpi- &z @< &% ] Z1MB -

LR 2R 2K 2% 2% 4
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Analog IC Design Homework 2 (2/5)

® Circuit diagram

I'-------------------I e —— 1
- Y% ! v !
' DD 1l Dl ® :
N ST S ‘ !

g n |
Y M2 | | ao—l—| i | |
] E ! 1 M12 .
| I |
I I <_| |_> [
1 M3 b M4 1] T T -
P L | = :vm_°'| |'°vin+ b :
S E =1l w7 M8 2 c o]
: M5 | C I : n2 N3¢ CT-I- ::C ® ut:
T gve | | I = |
: = R : : | CL :
, I M9 [ ".Mlo M13 ". | :
|

L
i =GND P 1= GND !
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 4 I .Cirfg & (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
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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 ¥ ’f}@-%ﬁ;ﬁ-ﬁa e _/:;Il__;
e b (BciE T

¥ 2t

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=8.77pA

. 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 Oin_18.1
| Tegion Saturati SATUracli SAturatli SAturatli Saturati caturatl |
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.287m  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) % .
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

S >2 I VA P I - vy ’\ ‘J.‘
® :#%6-29,6-3074& ¥ % % . Slew rate(SR) = % > 7 %GR ITE
C

& Flidx i%i’vl] » % = % sideal OP* &C,
, - 1
¢ §1,%5 % > Slewrate(SR) =

Cc
& #1,% 43+ > Slew rate(SR) <Il—1 & - Ifc g ﬂf
C L

® Rising & Falling z_ Slew rate(SR)
L 2 F INA /E /E .E' KIT F /ﬁsrl ao—l—l IMll I\El

o I "
To Vo, M7 M8 Vin,

Ill
n2 1 N3 I
M9 10 M13)

I Il3 C:|_
>l >
T 2
L GND

Positive slewing
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Appendix 4: & Pk 2 C18k 5 Y & @ *

® 1 7 rﬁ%‘?' R e E Ry ;jé—imoodleﬂ' e
* P&ﬁ?f;vﬂwi.)\gi, upasswdjﬂﬂx} DG o VLA A EH o

® 2 i * CIC0.18um 1.8V SPICE Model (cic018.I)

® 3. jjttestbench¥ g » 117w dp & s WAz L -
.protect
Jib ‘/nome/ncku_class/AIC_class 2025/analog2300/cic018.I" tt
unprotect

® 4. it * hspice” % spice explorer
4 ';Lf“g e chE & B Exzterminal
* éig:] source /home/ncku_class/AIC _class 2025/analog2300/setup.cshrc
& ® I Az a4 g set hspice version .

® 5. 3¢ {Thspicez 35 %4 : hspice -i test.sp -o test.lis

® 6. 3% {7virtuosoz 45 £ ° virtuoso

® /. . iTwaveviewz fm £ 1 WV
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Appendlx 4: T *a3x Z ADFPHE5LY 3 & & % P

. TR T K FIESE SR S 0 1 moodle? e
’ \'3}3 P“:'%?M ‘4’7‘ )\]:_[3 ’ IlpaSSWdi}ﬂ l} p{’z,ﬁ% y 1] 9@3’}‘; A -PE o

® 2 i * ADFP 16nm 1.0V SPICE Model (cic018.I)
® 3. ;i testbench” ﬂi%l »PTE g £ B AR o

.protect

Jib ‘/usr/cad/CBDK/Executable_Package/Collaterals/Tech/SPICE/N16ADFP_SPICE_MODEL/n16adfp_spice_mod
el_v1d0_usage.l TTMacro_MOS_MOSCAP

.unprotect
® 4. ¢ * hspice'# % spice explorer
* ;?r*“ p e hE o & B Exterminal
* ﬁi%l ~ . source /home/userl/analog25/analog2501/setup.cshrc
& ® P A4 set hspice version ...

® 5. 3¢ {Thspicez 35 4 : hspice -i test.sp -o test.lis

® 6. 3% {7virtuosoz 45 £ ° virtuoso

® /. 3 Fwaveviewz ip £
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Cadence Virtuoso Schematic Guide

Prof. Tai-Haur Kuo, EE, NCKU, Tainan City, Taiwan 11 Analog IC Design, 2025



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 12
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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 13 Analog IC Design, 2025



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...

Prof. Tai-Haur Kuo, EE, NCKU, Tainan City, Taiwan 14 Analog IC Design, 2025



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/analoglll/analog2200 O [ Technology File for New Library b4
Edit View Design Manager Help ci d ence
= Technology File for library "lib_test” 8
"l Lib
Open.. §tepC30 e ¥ IEDEaa N A = ¥oucan: ' Compile an ASCI technology file -
. \ Category..  Ctri+N n = o . .
EEEEE R _ Reference existing technology libraries
Open With... -- A7
} N LI o
; CDte 5 _ Attach to an existing technology library
Load Defaults... Library ~ - .
Save Defauits.. O ] | % Do not need process information:
E - (13 7 r—j
Open Shell Window... Ctri+P ! Directory E‘]malntku_t\assfanalﬂg111[ana|ngzz[]l]n (¢} v = [ |E IC EK EEHCEI HEIP
. Computer  [MName 2 |size [Type T 1
Exit Ctri+X [ Desktop Folder ||
_ E BEE [P pocuments Folder
rfLib B9 Downloads Folder -
rfTlineLib h B Music Folder | = C| Virtuoso® 6.1.8-64b - Log: /home/ncku _class/analoglll/analog2200/CDS.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” 1 Ste 6
L CD5.log.cdslck 679..tes cdsl..Fi'—
Log file is "Yhome/ncku_class/analog, . il
s 1 i« i T
File type __Dile-_luues | 111}
limouse L M:
1 Design Manager 1 | £
__ | | @ usenon
Mew Library sl Ll . “ 9 Y
— Compression enabled CI ICk 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 . lib" .

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

]

| Cancel Help
| Eh—_.r ——
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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") Popular cells:

Step 2: Click “Browse” e
Step 3: Choose “analogLib” library Capacitor: “cap”
Step 4: Select required cells Resistor: “res”

Step 5: Choose “symbol” in view NMOS: “nmos4”
PMOS: “pmos4”

Virtuoso® Schematic Editor L Editing: lib_test inverter schema

Launch File Edit View = Check Options Window Help Qtpn 1
----------------------------------- = - ) [ Library Browser - Add Instance - 0
S [®% & Instance... I 5 T = =L (a & 1
ER=R- RN Ed - [JVE8 SR SN N puwmm—m
' - - i . =l (Il ' Liby cell Vi
| L[V w3 gy W o e .
A R S— - |15 - 15 2
Mavigator 7| L Wire (wide) Shift+W 4 n r n n
schematic “ \Wire Name... L g analoglib > T [pmosa l * B symbol 5
inverter ST - ~ -
Wire Stubsand Mames  Space US_St.hs ) \-5 peevs L= View Lock Size |
= OBJECTS = abdilin pdc auddl 19k
Al Met Expression... P Ianalchih pdiode aulvs 19k
Instances _ basic pexp hspiceD 20k
Nets y YT r— cdsD?fTechLib phyres spectre 19k
. . X lib_test pifet g e 13k
= (I LI lib_test n  Browse : rfExamples pmind = -
T GROUPS . rfLib pmos
Cell inverter L =
cets Step 28 || I
Types View n p pnp
port
Names portst
pprobs
1l ulse
e ¥ Add Wire Stubs at: f Sté 4
Tk - — allterminals #® registered terminals only p
= PP =
Instance nresistar ]
= Array Rows 1 Columns 1 — i —
A Rotate Ak sideways 5 Upside Down
m Cancel Defaults Help
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Construction of Circuit: Instances (2/2)

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

[ ] Edit Object Properties
Apply To only current = instance =
Show __ system  user ¥ CDF
Browse Reset Instance Labels Display
Froperty Value Display
Library Name analoglib n 211 =
Cell Name pmos 4 ' L
View Name symbol ' g ﬂ
MName| instance Hame mp 1 ott B
Add Delete Modify
DeVICe QBIIAQAILQD 11 180nm (1‘@Jmm) Display
Model name p_18  (pch_svt_mac) L ymbay
Width 250n 0 (Number of fin, e.g. 2) ©ff k@
Length 1800 M off K
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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 gout|

Names

Directiory Direction joutput

input

Usage schematic Usage schematic

Oom
vogp| B

Signal Type signal signal Type:{power

_ Expand busses — Expand busses

_ Place multiple pins — Place multiple pins

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

» Supply Sensitivity > Supply Sensitivity

A
&

s ) 3 % ™
Rotation 2 .2, 1 6 A Ratation 2 B |

m‘ Cancel Defaults | Help 3 m Lancel ) Defaults 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

<
_. .

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

/;L

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) and select “Analog”
Step 6: Check the exportation is successful

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

| - Design to be Netlisted
5[0 Tools Options Help cadence
i Library Mame lib_test Library Browser...
' Step 1
Open... te p Top Cell Name inverter
Impaort 3 e
EDIF200... — View Name schematic
Refresh.. oL h
Make Read Only.. i : Switch View List auCdl schematic
Bookmark R L_EF. ' Template File B
Bookmarks LEF.. P
! v | e e~ gste 2 Stop View List auCdl
1lib_test inverter schematic = "
DASIS || ~Design to be Netlisted Output
Sl o Library Name analoglib " ‘# - . X .
n : aoi cal 207 Output CDL Netlist File inv.cir ] Y-
Oh@Ecic-svr ~1% v:LrtuosuI Top Cell Hame pmos4 |
[ Library Browser - CDL Out -0 X Run Directory . Step 5\%
— Show Categories Netlisting Mode  Digital & Analog
Library Cell
v n - |y Run in Background "
_E, lib_test 4 -Lf inverter
US_8ths
ahdlLib
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 for 180nm (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

N Schematic_Guide - File Browser =%
File Edit View Go Bookmarks Help
@ . & ) & O =}
Back Up Reload Home  Computer Search
B |+||tam AIC_2014 Schematlc_Gulde| €, 100% @ |view asicons 3 |
Places~ x -— f f
= 8 I I
& Desktop ihnl lib_test map
 File System [ (__,-- / ““““ 1 / “““ ]
l .___JI t..._jl
raw cds lib inv_allpin.cir
LJ [j L
inv_allpin.cir- inverter.cir inverter.cir~
inv_global cir inv_global cir~ libManager.log

42 items, Free space: 269.0 GB

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

AARKARIRIRIRIRIKI KRR RIRIKI K KRR RIRIK K hhkhkhrkkikkik

* 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 for 180nm (2/2)

® Step 3: Replace devices name (PM - P_18;

kkkkkkkkkkkkkkkkhkkkhkhkhhkhkhkhhkkkkhkkkkhkkkkkkkkhkkkkkkkx

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

kkkkkkkkkkkkkhkkhhkhkhkhkhhkhhkkhkkkkhkkkkkkkkkkkkkkkkkkkx

.SUBCKT inverter in out vdd gnd

Step 3

NM > N_18)

.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_18/W=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/AIC_class_2025/analog2300/cic018.1I' 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*
Xinv]in 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
TIME(sec) (in) 0

IS['BHI T

'100n  150n  200n  250m  300n
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HSPICE Verification for 16nm (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

.GLOBAL gnd! Step 2-1
P Schematic_Guide - File Browser - ox + vdd!
Fle Edit View Go Bookmarks Help KA Kk KrhrdhrhFhrhFhhhrdkrhrrhrhhrhrrhrrhrhhrhkrrrrrs
- I o 2] 7 ) [=} * Library Name: lib_test

Back Up Reload Home  Computer Search

* Cell Name: inverter

[B] |+]||ta= AIC_2014 Scnematlc_Gulde| €, 100% @ |view asicons 3 | *\View Name: schematic
- B e e

Places~ x B f f . .
= l 8 L .SUBCKT inverter in out
@ Desktop ol ilb_test map * PININFO in:l out:O
© File System = /? [ | MMp1 out infvdd! vdd! PM nfin=1 L=16n
. i m‘algn o MMn1 out infgnd! gnd! NM nfin=1 L=16n
~ = = .ENDS Step 2-2
L L s y
inv_allpin.cir~ inverter.cir AECREr Clr= .SUBCKT inverter in outjvdd gnd
[T IS, IS * PININFO in:l out:0 t|:S’[ep 2-3
inv_global cir inv (:l-(-l_h:jal.cw-w IiDM.;-r:I-;;er.log MMpl OUt In Vdd Vdd PM nfln:l L:16n
) B MMn1 out in gnd gnd NM nfin=1 L=16n
[ [ - ENDS

42 items, Free space: 269.0 GB
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HSPICE Verification for 16nm (2/2)

® Step 3: Replace devices name ( PM - pch_svt_mac ; NM - nch_svt _mac ; W->nfin)

kkkkkkkkkkkkkkkkhkkkhkhkhhkhkhkhhkkkkhkkkkhkkkkkkkkhkkkkkkkx

* Library Name: lib_test

* Cell Name: inverter

*View Name: schematic
*kkkkkkkkhkkhkkhkkkhhkhkhkrrkrkrkrkhkrkkhkkhkhkhkhkhhkkkhkkhkkkkkkikkik

.SUBCKT inverter in out vdd gnd Step 3

.SUBCKT inverterlin out vdd gnd | Pin order
* PININFO gnd:l in:I vdd:l out:O orde

MMp1 out in vdd vdd|pch_svt_mac nfinE2 L=16n
MMn1 out in gnd gndinch_svt_mac nfin=2 L=16n

ENDS

v

* PININFO gnd:l in:l vdd:l out:Q
MMp1 out in vdd vdd|PM WE2 L=16n
MMn1 out in gnd gngd NM W2 L=16n

.ENDS

® Step 4: Include your circuit in HSPICE testbench

® Step 5: Run simulation and verification

*This is an example, you can decide which model to use

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

.protect 0 . 50n  100n ~150n  200n  250m  300m

dib Bviin) 1.8:0in)

‘lusr/cad/CBDK/Executable_Package/Collaterals/Tech/SPICE/N 1

16ADFP_SPICE_MODEL/nl16adfp_spice_model_v1d0_usage.l '

TTMacro_ MOS_MOSCAP ';j

.unprotect '

.include 'inv_allpin.cir' | Step 4 vioun 1T }:

Vvdd vdd 0 1 *Power Source*

Vinin_0 pulse(0 1 2n 2n 2n 50n 104n) *Input Signal* 1.2

Xinvin out vdd 5nd|inverter *Call Subckt* 0.8

.tfran 1p 314n *Transient Analysis* 0.4

.option post O T T e T T

end TIME(sec) (lin) 0 50n 100n  150n  200n  250n  300n
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