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O Resolution : 350nm, Alignment Accuracy : 70nm or better(LSA, FIA)
I-Line Stepper O Exposure Area : 22mm square, Reduction Ratio : 1:5

O Numerical Aperture : 0.63, Reticle : 6 inch

O Adhesion Treatment(HMDS) on Substrates

O Photo Resist Coating I-Line Stepper Track System

O Development(TMAH) : Puddle & Spray L prrrr——
O Hot Plate Baking = - O [wwml ©

O Oxide Etch, Nitride Etch, Poly-Si Etch, Metal Etch ' . /
O PR Strip pu

O Standard Cleaning, SC1 Cleaning, HF Cleaning, DI Cleaning ],,., g - m.;

O H;PO, Etch : Nitride Strip Dry Etcher " Wet Station
O Wet Etch : Oxide Etch, Metal Etch -
O PR Strip : Acid PR Strip

O TEOS Oxide, Nitride, Low Stress Nitride
O Poly Si/Amorphous Poly Si, LTO, HTO, SION

PECVD (OOxide, Nitride, TEOS, SACVD BPSG, Ge Oxide

O Al-1%Si, TiIW , NiV, Cr, Mo
O Ti, TiN, AIN, NbN

O Alloy, Wet/Dry Oxidation, Anneal, Drive-in
O Dry Oxidation, Anneal, POCI3 Doping : 800 ~ 900°C

O Medium Current lon Imp
O High Current lon Imp

Track System

Dry Etcher

Wet Station

LPCVD

Sputter
Furnace

lon Implant
Sputter
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© Diode

p-type
Anode silicon

n-type
silicon

o— |

Anode ’

© MOSFET

o

Cathode

Insulator

Leak
I Cathode cﬁ?r:ngffz
Off

resistancef

Semiconductor (Si)

<MOSFET Structure>

<Concept of MOSFET>
¥MOSFET: Metal-Oxide Semiconductor Field Effect Transistor
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0.0

Gate-All-Around

Yesterday’s Transistor (1947) Today’s Transistor (2006)

<John Bardeen, William

Shockley and Walter Brattain> 3D WEHM 7=

10

Gate o—l Gate o—CI

(212)3 GAA(REE) H| .
[EX: o{ZE2t0|=EHE|0{2|E=X]

Drain

|

Source
n-MOSFET

H

Source
p-MOSFET
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Poly-Si
Capacitor & Resistor Vi }Vout

p-MOSFET n-MOSFET

. ////////// , \.
a8 na 8 sompnfid T as s Gnd

~IVieta t.:: ;\ o /{é{,mé Inverter

HY

u-smfmf’i LS

n-Well p-Well
, . A
p-type Si (6~10 Q-cm) ; hd oo rrvebibe ML
- 5 : . ==
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*|C: integrated circuit y Vs

<Two stage'“CMOS Opamb (Operational Amplifier) >
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© Broad Sense

® Material preparation = Crystal growth & wafer preparation = Wafer fabrication = Packaging

© Fabrication Step
® Growing Si, GaAs, InP, GaN, etc.
m Wafer preparation
B Wafer fabrication
e Deposition
* Photolithography
* Etching
e Diffusion
® (Oxidation, etc.
B Chip Test, Sorting and Packaging

© Narrow Sense
B Wafer Fabrication

Electrical Test|

Fabrication (Die Sort)
|nd_|V|d_ua| Each Circuit
Circuits is
Fabricated i
Electrically
In and On Tested
Wafer

Wafer fabrication

Packaging

Good Die
are
Assembled
into
Packages
and Tested

Packaging stage
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O Diffusion (&AH

® A physical phenomenon where particles such as
impurity atoms in @ semiconductor trend to flow
from high concentration to low concentration.

® lon Implantation (0|232!)

® A process by which ionized atoms are ; ot Fow

accelerated into a semiconductor substrate o
through high electrical field. e ) ] e,
© Oxidation (&t2H . s —
= QOxidation is a process in which a layer of silicon Salr—— R U
dioxide is thermally grown on a silicon wafer. -
) potoresi - — —
S/ thhography [EI i:’- EI']II] \\\\\\\\./\, . _ ) “*9"*:“)f“5‘5* After develop P°5‘:i:,“"s‘“
. . s . hnnn Ll .
® The lithography process can be divided into two w\_ “ . <lithography>
parts: mask making and photoresist operation. S/ NP—
© Etching (41Z1) and Cleaning (MIA) o EES O (WetEtchy ——— |

H A common process is to selectively etch away
the layer material not covered by the resist.

FEu
SR <Dry Etch>
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0.5pum Analog CMOS Process Flow

St

p-Well ‘

p-type Si (5~10 Q-cm)

(@) Twin Well Formation

p-type Si (5~10 Q-cm)

(b) Active Formation

p-type Si (5~10 Q-cm)

(c) Gate Formation

p-type Si (5~10 Q-cm)

(d) n-LDD and p-LDD Formation

s

n-Well p-Well |

p-type Si (5~10 Q2-cm)

(el n* and p* S/D Formation

P i Setcosces /211
e e e

Pep !

n-Well o-Well |

p-type Si (5~10 Q3-cm) ‘

[f) Passive Device Formation
p-MOSFET  n-MOSFET Poly-Si

/////% y/// Cap& Resistor
W7 v : 7

// - L BA ., £ //%etaﬁ//////’///

n-Well p-Well |

p-type Si (5~10 Q3-cm)

(g) Metallization and Alloy
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Photomask Block for one user (chip)

*MPW: Multi—Project Wafer
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L & (My Chip) M| A AH|A 7H'E

Si CMOS 24| 45 AMH|A

0.5um Analog CMOS

MPW B S3UZ /i, PDK 75 (MPW X} X|2) IC A
P-VMOSFET n-MOSFET ‘ -g—-g-lé'ﬂ (ETR|) «

IC M|%t

=
nWell p-Well

l type Si (! cm)

» DesignRule S — = S Peell (NAND),

 ModelParometer = .I 2 s

u RuleDecks(Calbre Assura) 44/ . | §

Peels :

= GPIO B £

u DesignGuide& Tutoril it L8/ )=

u (Standard Cell) =i 4

*MPW: Multi—Project Wafer
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L & (My Chip) MIAt AH|A X3 7HL

M| AAIZIORSS SIt

621X| S CMOS AA

MPW MPW PDK 44 DB DB
27 J’ R-T”‘J#—J’ TS J’ 23 J’ -’F—I"Z.*/’:.*EJ )

MPW Wafer | |
Rzt J’ AZ J’ e J

Cljet « Cet2d HEE N 22 (ETRI, SNU, DGIST)

o2 ICc A 1 MPW | =t
” _

_J 1
]

O
MPW M| =}

L ERRRN Bare Die, 1i7(x| & | 20IH Dicing BIE

-----------------------------------------------------------------------------------------------

OH

WO.5um OF=H2 1 CMOS IC A8 3™

S5 PDK 4 7|20 H3

- PDK & C|AtQ! 70| & B =

o MH X @ FAFE PDK Y MPW SEHE
7oy Bk

BAAZSE MPW & HZ X9
« MPW 12|Z 257} El(El) o] A
« 1A MPW ¢ 63| (1XHA E Test 13))
« 2EHH MPW ¢ 123

2 UL

r
15

BCMOS 37 EE|E &
Y I =t
c T8 > 70% ML < 10%
o TAT < 37§

SRy

b

WTEG E7} Z1} 9! dA|4

o o= T

ds SUE g L MPW XIH

*MPW: Multi-Project Wafer, PDK: Process Design Kit, *DB: Data Base, TEG: Test Element Group, TAT: Tum Around Time
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o7 |2zt 2H™/C|XIel §o| - 0.5um Analog CMOS (5V) =
Diffused Twin Well : 1150°C
LOCOS Isolation: 950°C, 5200A

A
0
;

Gate Oxide = 110A

Poly Gate; Undoped Poly + POCI; Doping (or Doped Poly)
PIP Capacitor; HTO (or LPCVD-TEQS) 750A
Poly2 Resistor; Ph. Implant, ~3.5E15

0.5 um Analog CMOS Process
Summary

Arnan o -

% ZQ CIXIel 2

YV V.V V V VY

621X| S CMOS AA

Minimum Gate (POLY1) Width/Space = 0.5um/0.6um

Minimum Active Width/Space = 0.8um/0.8um

Minimum Transistor(N/PMOS) width = 1.4um

Minimum Contact Size/Space = 0.6um/0.6um

Minimum Vial & Via2 Size/Space = 0.8um/0.8um

Minimum Metal1, 2, 3 Width/Space = 0.8um/0.8um, Tum/1um, 1um/1um

S=r| AARIHUYLS 2B

ds SUE g L MPW XIH

ETRI §::1%3 26757

Btype 81 (5~10 Crem
(98] PECVD Oude Depowion. 500 Conng. Carmg. EXch-Back. PECVD Owow Dapowen

o-wer p-Wel

50 §1 (510 rom

Spe S5
A1 Depostion, VE2 Photo, Wets: Eich, PR v

YR M 2ol & 2 > ——
NI 7 ) i ) m—

NSPL 0.5/m Analog CMOS
2P3M 5V Design Rule

National Semiconductor Public Laboratory (NSPL)
~El s Research Instivute (ETRIY

ETRI @r1ivsa  Gfsr

5. Electrical Targets

PMOS

el

nnnnn

14
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Design Rule

v/ NSPL 0.5um Analog CMOS 2P3M 5V Design Rule

1. Technology Overview

1.1 Process Overview
- 0.5pum Analog CMOS (2-poly / 3-Metal)
- Single gate oxide 110A for 5V CMOS
- Passive components: Poly-Si Resistor/Capacitor

Poly-Si
Capacitor & Resistor

“Metal |\

p-type Si (6~10 Q-cm)

1.2 Process Condition
- N-well lateral diffusion
- P-well lateral diffusion
- Field oxide encroachment

- 1.40;m (70%)
- 1.40;m (70%)
20.15/m
£0.18;m
- 0.16m (80%)
£ 0.20;m (80%)

- Spacer bias
- N+ lateral diffusion
- P+ lateral diffusion

1.3 Align Tolerance
1) Direct alignment
- Critical layers
- Noncritical layers

:£0.15m
1 £0.20/m

2) Indirect alignment
D[X122 + X232 400 Xn(n+1)?]%3
Where Xim is the direct alignment tolerance between layer 1 and m.

heliya

M&rg g

SEULIL N 1AL LI VE el

ETRI

HIER| AAQIZORMS 2|5t

[ o o= T

R

62IX| SiCMOS HAHIEE &

o
o
e

T
bl
:
>
i

4.3 POLY1 Rules 4.8 MET1 Rules
Rule No. Description Label Value (um) Rule No. Description Label Value (um)
3PL1.WI1 POLY1 width over ACT (NMOS or PMOS) al = 0.5 8MET1.W Width a > 0.8
. . o dth < -
3PLLW2 LM;);II:)mn POLY1 width (Transistor Channel al < 100.0 8 MET1.51 Space of MET1 (both MET1 width < 10pm) bl > 0.8
SMET1.S2 Space of wide MET]1 (one orboth MET1 width > b2 . 1.0
3PL1.W3 POLY1 width for interconnect a2 = 035 : : 10pm) - ’
. = - . i .
3PL1.S1 POLY1 to POLY1 space in field bl > 0.6 SMETLANT Maximum ratio tl!fMETl area to associated gate < 400
poly area fora given transistor(antenna rule)

3PL1.S2 POLY1 to POLY1 space on ACT b2 = 0.6

3PL1.S3 Space from POLY1 in field to ACT b3 = 035

3PL1.54 ACT space to POLY1 in field b4 = 035

3PL1.O Overlap of POLY1 extended into field oxide c = 035

Maximum ratio of field poly area to gate poly for <

3.PLLANT a given transistor(antenna rule) - 200 . CONT

bl |

MET1

. POLY1
M acr
. CONT

15
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Desian Guide 8. LVS Guide 08 AAZZ BUE L U MPW I
g u 8.1 PIPCAP Layout/Circuit Structure

v/ NSPL 0.5um Analog CMOS 2P3M 5V Design Guide P e

1. Overview 4. PCELL Layout Library

1.1 Overview
The purpose of this guide is NSPL 0.5um Analog CMOS 2P3M 5V Design guide.

4.1 Library Category 9. Calibre DRC

9.1 Run for DRC at GUI

1.2{’_Softwa6re1 \Sers‘u.)n and Teols 2 Fpvironment Files and About Use Fle Edt View DesignManager Help - For running DRC(Design Rule Check) at GUI after layout, need to several
) u@oso S version PSR S steps like below pictures
- Calibre 2019.3 15.11 2.1 Display.drf File \“:_; :::, (_atefo:ei "} I ShowFiles :

3. Schematic Library ..

NSPL_OpSum Analog CMOS 2P3M 5V vipipeel [

Click Run nmDRC in If runset file is exist, Load runset file.

Calibre menu - Runset file is not exist, click cancel

Calibre Interactive - nmDRC v2017.4 26.19

13 _File Configuration - This file should exist in the
File : NSPL_OpSum_Analog CMC - This file the color of the la

3.1 Library Category NSPL_0pSum_Analog CMOS_2P3M_SV_Vip1_pcell
- If ol Wﬂllt tO Cllﬂll e ﬂle < NSPL_OpSum_Analog CMOS_2P3M_SV_Vip1_sch
¥ g NSPL_0pSum_Analog_CMOS_2P3M_SV_Vip1_std_lay

-NSPL OpSum_Analog CMOS 2P3\

Flle Transciipt Selp

- NSPL_OpSum_Analog CMOS 2P I e g
- NSPL Op5um_Analog CMOS 2P: Fle Edt View DesignManager Help ahdiLib FEY s e 1
- display.drf N :“T“'E‘:!:“’ ; s:ﬁmn F—— Q'":F‘US Clic.k :-md laa'[l runset D
- NSPL Op5um_Analog CMOS_2P: f\ v Sr,udwcategor-es _ Show Files b;( = P; ;ﬂ:“m S— fite if you have 1
- NSPL Op5um_Analog CMOS 2P: Clbrary. cdsDefTechLb ==
- NSPL 0pSum Analog CMOS_2P . Fiter : wameniey S, Standard Schematic Library T
_ N - - “ope Shift + NSPL_OpS5um_Analog CMOS_2P3M_5V_V1p1_sch functional
NSPL 0OpSum_Analog CMOS_ 2P: left mouse
- 1 NSPL_OpSum_Analog CMOS_2P3M_SV_Vip1_pcell .
R i Auslos CMOS click. 5.1 .SAMPLE 6. Standard Layout Library
- _Upoum_Analog | | NSPL_OpSum_Analog CMOS_2P3M_SV_Vip1_std_la
- drc_header.cal , rundrc.com NSPL_OpSum_Analog CMOS_2P3M_SV_Vip1_std_s:
-Calibre/ LVS Us 8ths 42 Der 6.1 .SAMPLE
- NSPL_OpSum_Analog CMOS. :::«L):m o —
- lvs_header.cal , runlvs.com avTech 2 WIcE ADTIAN 10. Calibre LVS
- Calibre/LVL basic |Lanch Fle B T [:_,_ "-_‘&PTI 0 N
- NSPL_0pSum_Analog_CMOS cspeffecnlh =R=N]
-Ivl he;dsr_cal - mnlvf com | Layer Edit aocumentley h oy § 4 10.1 Run for LVS at GUI
- Calibre/PEX E s - For my.uing LV S(.Layout VS Schematic) at GUI after layout, need to several
- NSPL_Op35um_Analog CMOS_ Save at file e Defoult  Lengthe steps like below pictures
- pex_header.cal : Q o
. LPE/—DLIB tLPEL 3.2 Device ALL Mo Click Run nmLVS in If runset file is exist, Load runset file.
- Assura/DRC 2. » C . -
“alibr Runset fil t exist, click 1
-NSPL_0pSum_Analog CMOS_2P3M_5V_DRC.ul - dre rulk Calibre menu unset file is not exist, click cance
- Assura/LVS Iain ;, e §ﬂw(1|mm Interactive - nmLVS v2017.4_26.19 -
- NSPL_Op5um_Analog_ CMOS_2P3M_5V_LVS_comparerul :lvs [EIANETN =" " S Bl = LS Rulos File
-NSPL_Op5um_Analog CMOS_2P3M_5V_LVS extractrul  :Ivs Run nmDRC... Load Runset File
RUN DAVL... e Aunsot il pan
oy Click and load runset
1.4 Documents Click e T ity ’ D
- NSPL 0.5um Analog CMOS 2P3M 5V Design Rule Run PERC ; [
-NSPL 0.5um Analog CMOS 2P3M 5V Design Guide Run PEX... e
Run xACT...

ETRI @121 26/ T 16
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HIER]| AA|Q 124 S Q|5

5. DRC [ o o= Tie
621X| Si CMOS AAIAS S 7He ! MPW XIH

- 53 AAE golokx tRRle] tRRIE AjteA HE
7. PEX
1) Calibre DRC 4 & -
) G - 534 : Parasitic ¥ F=

Design Tutorial
v 0.5um Analog CMOS 2P3M 5V Design Tutorial gz b catie P 45

2.PDK Library 2 4 =SS _ _
- %782 A % AFe] 4 AlFEe PDRE 47 3. 3 2 44 % 4 (Pre-simulation) T R OrEXARY

=

S2A B2 A R AEYe AL B BE S

Virtuoso® Layout Suite L Editing: Tutorial INVTEST layout

1) PDK Library A& (A8 7] GA2H A HEL DS o ome g2 44 2 A2
- Zﬂ'f)"% PDKE FTP(FI]C Transfer Pl’OtOCO])E ] (5] 0]'031 'rl_:_:f.‘}—‘- Launch Hle Edt View Create Verfy Connectivity Options Tods Window Optimize [[SINE Help cadence
1) S v E A A ¢k O W XEQRE »IQ 2 rnmx B &
B A WHEH D1 G o eseean seown samo sl P X0 BNcee RS NS

@ Al+-d PDK 32 gH= & A
° @ Schematic 2 A ==z 7.3 2 5

Ad= Virtuoso® 6.1.7-64b - Log: /user/janghg/CDS.log
s A ! Emm Options  Help
—> o o -

File > New > Cellview %1

Run nmLVS. — 4

a2 8. 3] 2 A7 2 71 = (Post-simulation)
——— - =7 : Parasitic & WG A E A S T3 Presim I A3 B

Calibre > Setup > Layout Export 412

el “

e

e [ 6.LVS

ETRI_OpSum_Analog_CMOS_2P ETRI_OpSum_Analog_CMOS_2 ‘ L
3M_5V_V1.1_230825.tar MISVVAT 1> — . _ .
NIV SR - 54 . A Layout¥} Schematic H] 1L

1) Post-simulation

@ Schematicd A = = 138 21 3§

@ ‘ 1) Calibre LVS A E

@A A A e PRI -
o DLVSH S EH

Library Manager: WorkArea: /user/janghg/Desktop

VUL
AR B AO|E FE 4. Layout Cila FA#® \iew Nacion Manaoar
o | zazs || | we ag SEA s 32 A ZS 9 golole A4 9. 28-pin Package Pads 2 GPIO
U AOE —] - =7 = = o
R Sell: A AWE Bz 48 R ———_—_—_———~. -7 57142 A% A= 3 6plo A
i - \'T' Ml 0. 8% 2.0 BB Q] (Package TE= GPIO A& ¢het 4] 23] 7H5)
cam . se plin - A - | _Runpmu A AlE o) e
W NoIE . | 3 + : \9‘ Ll O] » | selexo seno seo seo) dﬂ 2“ gl H]E% ﬁi
NEEEEEEE LTS R e — T o S e
[toyers & whie
ges _ - o Run PEX.
I @ ellolob Al M7 =713 A B nAaAADAZ
4 7] : ey Q 8- Start RVE
- N Virtuoso® 6.1.7-64b - Log: /user/janghg/CDS.log %%‘ Clear Highlights ® [NV PKG cell /‘3 }6] > schematicopen
F7F> FTP > 8 2EAH 1P E) > A H ID.PW ¢ [z _opians e o U elya 5y i P
> ﬁ@ ;: 'W'ﬂiu.gfjf?is AND IS SUBJECT TO LICENSE TERMS. ™ = Virtuoso® 6.1.7-64b - Log: /user/janghg/CDS.log
———a NWELL drw o o
A 1 File > New > Celiview 4 [Wree oo < e Sadence
ot iw B x rm—mu;gfﬂf:u: TS SUBJECT TO LICENSE TERMS.
ag weyo| eI - 1 POLY2 drw ¥ ¥ PR T 7 " I
| e iv B@ Layout - Calibre > Run nmLVS Loading pe.ext ’| File > New = Cellview 1€ | O
mouse L [ PsD aw ¥ ¥ _ b [+
L e il ‘I T
M R

) o i.
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PDK (Process Design Kit) pel G aues s &

S=r| AARIHUYLS 2B

R

o
o
e

T
bl
:
>
i

Design Rule
Model Parameter
Rule Decks (Calibre, Assura) ;

simulator lang=spectte insensitive=yes

NMOS Experiment vs, Simulation (W/L=20um/20.m)

section A/
PR S—— 7 -
@1 . . .
Pce"S == NMOS Experiment vs. Simulation (W/L=20um/0.5,m) 7 j; / ETRIO5um Analog CMOS PROCESS SPICE MODEL =
= i e /1 NSPLVERSION 1,0 .
| PMOS Experiment vs. Simulation (W/L=20pm/201m) ;; Vi 4 Date:Sep 15 2023 .
GPIO s of Symbal : Experimental Data I i
i || I | ; ; : - i mo ‘oo
H ) H PMOS Expenment vs. Simulation (WIL_QDWIO'5H'") “ M| // Temperature parameters are not included and will be available later
s " Symbol : Experimeatal Data P “ M| ” K
(). IDVG-VB (VD=0.1V) Sulidl Line : Model Results W mf{ +k ) .
° . ° =4 e e " ﬂ *: " In This Model LIB are contain: *
I s i +4 i .
DGSlgn GUlde & utorlal rE ” ji‘ *f i 1.LIB MCS : typical MOSFET model *
. oo " (4-teminal NMOS and PMOS) +
L ooomtE o *
. ol
“ K | y/ “n 4 2LBDIODE: .
an ar e +: L b | i ( P+/Nwell diode and N+/Pwell diode) +
I I i .
v Vo B aon U 4 SLBEN .
VA, 23, AT, AT, 1 e ] 4 (Two geometiics P+NW/PSUB vertical PNP binolar ) *
A | :Jk :E 7 (Will be updated and contain orther geometric BJT model later) +
- G ek vosche // f
odel Parameter G EERY é
: ; M | )
: Y s Y ( POLY2(N) resistor ) .
no bt fﬁ 5.LIB CAP ’
ent o= ) .
1 oL b=y { POLY1/POLY2 capacttor ) .
« . . . . /5 j;\ by thosmc .
. _ P 0
Devices: CMOS, Sub-BJT, Diode, Resistor, Capacitor hon Hoieme f
I BRI E
md " +c tchpars .
J I o tcssos
DC Parameter 0 o
wool e s M
et 4y N rcswe /f
J . :j 4 & ICT? library MyLib
+t ob=
Capacitance Parameter IR =
, (. IVVD-VG (VB-3V) sel 1 : Y 7
] " s /
Ve 20, 27TV, 1570, 420, 5 r . " N | s
s w7
el I lpera Ure aral I le er [ : :/c ‘: endsection mos
Eurs [N N, [y p—t P — [
r A i + mig= =2 S3e— o
[ V\\\ pl | mic=0, 367 be=2.5%-17 be=2e-17
"
v Corner Model (MOSFET) 3
Y] 5 endlibrary MyLib

v' (O] X|2) RF Parameter, Noise Parameter

ETRI

NEXSD  OGAST 18



’ ® .
% 04. 4 &My Chip) H[ZEF AMH]|A

MRl AR IS 215t

PDK (Process Sign Kit) 62IX| Si CMOS MAIHS S 742t X MPW X2

(2) Rule Decks, Pcells, Standard Cell s o s i

v .| | NSPL_OSCMOS_PDK_240925 #2eDevice_ALL

v | | NSPL_0SCMOS_PDK 240206 skill
. Assura cont
J M . DRC cont_bar
Calibre, Assura: DRC, LVS, PEX, Antenna Rule T eoum s
QRC esd_nmos_ w720um_l1p2um
. H 1 = Calibre esd_pmos_ws0um_I1p2um
J Pce”. CMOS, BJ-I_, DIOde, Cap, ReS, LOg|C Gate o esd_pmos_w720um_l1p2um
DRC esd_sample
iqi A A = 0ol ¢ .
v’ Digital IC 87|€ Standard Cell % 0| (2543 ~ 26\) ws rioie
ndicdeS
ETRI_NSPL_GPIO_240925 ndiode10
MPW_PAD_28pin
Maodel_Parameter
- NSPL_Op5um_Analog CMOS_2P3M_5V Vip1_peell nonsS
v. MNSPL_OpSum_Anzlog_CMOS_2P3M_SV_V1p1_std_lay P 0
.|| #2eSAMPLE :;”p
edge
. =1 : ) ta
{Pcell ¢il: nand4) {MOSIS HM|& Standard Cell) L e R ot
- nv - -
— - _..2_'95
g . The IIT cell library has be FutofCella . :::j; pzhres_i
e cel ary en - -
developed to provide a free, AND2X1 2 -Li nand4 pares
non-proprietary library for o > Ly nor2 pares.i
MOSIS SCMOS rules. AND2XD INVXS > - nors padB0
AORIX1 LATCH &) nord pad100
It supports both commercial i e v "NsZ_Z_EDSp::ArS[;E\naIog_cmos_zpsm_sv_w p1_std_sch
and public domain EDA tools. BUFX2 NAND2X1 Ly pdiodes
: : : s - | nand2 diode1n
The library is available for BUFX4 NAND3X1 © .| nang3 -
free ~upon request from CLKBUF1 NOR2X1 || nand4
http://visi.ece.iit.edu/scells CLKBUE2 NOR3X1 > - norg omosa
- nor.
CLKBUF3 OAIR1IX1 nor4 e
pnps
DFFNEGX1 OAI22X1 pnpi0
DFFPOSX1 OR2X1 polyicont
ly2cont
Supported MOSIS Technologies ~ DFfSR OR2X2 S
FAX1 TBUFX1 ptap_ring
AMI 0.5um (includes pads) FILL TBUFX2 ptap_ring_ndiode
AMI 0.35um (includes pads) HAX1 XNOR2X1 sealring_corner
TSMC 0.25um INVX1 XOR2X1 seayina.unt
via
TSMC 0.18um INVX2 vial_array
via2
| via2_array

ETRI @124 DG/ T 19
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(3) GPIO (general-purpose input/output), = PAD

v 33Y 35 C|XIQIE 7|8t Analog/Digital ICE 10 9%

No. Name Function Schematic Layout T RN NRENRE |
1 PIC Input Cell e : -
2 POB4 Output Cell with 4mA Driving Ability - T EE
3 POBS Output Cell with 8mA Driving Ability b T EE £ x
4 | POB24 Output Cell with 24mA Driving Ability N i = , X
5 PBCT4 Bi directional Cell with 4mA Driving Ability, CMOS Input TR oy b = g g
6 | PBCT8 | Bi directional Cell with 8mA Driving Ability, CMOS Input | EEHRIE | | =
7 | PANA Analog Cell(N/P Diode Size : 30umx30urmx4) | LR R
8 PVDD Power Clamp Cell 1.9mm
9 PVSS Ground Clamp Cell _ E <GPIOAME QU Tj7|X| XI8d Q> <H{7|X| 0|1 > PAD 22| BiiX]>

(4) Design Guide & Tutorial —— :

ETRI ETRI

v’ Design Guide
- PDK 2t4 A Schematic, Pcell & Standard Cell A& X| & A

v Design Tutorial
: Circuit Simulation, Layout, DRC/LVS/PEX & SH &5 X[ A

ETRI f120%0 LG 9T
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0.5um CMOS 7|8 @ EAA CIX|E A4 Flow 2Md - My Chip & 44|

QEAA

A=)
= o

C|X[= 24| Flow
EQEAA T L Z0|EHRZ B2

B 1. CJAQ1 2o
=1

2
=]

T

A

AM £Z DY C++ T2 A 2H0| 222

SystemCF!
GSLHO]

C/C++ 2tst 20| E212| (GNU Scientific
Library) AlE#0|A H|O|E{ A4 2 EA

SDLZ[H]

HE|D|C|Of C/C++ 2t0[E242| (Simple
Directmedia Layer). CH&E}3 HAE HIA|

GrayWolf22

python? AlE8|0]48 H|O|Ef 24 2 AlZf=}
iVerilog!! |2 27 Al E20|E
irsimte! 2202 B2 AlZE|O|E
ngSpice!" SPICE &|2 Al&3[0[E
XSchem?!®! 3|2 Ay
Verilator™  [HZ2I-C++ HE|
Yosys 2! RTLH|Z 21§47 Liberty
AE HiZ| B2 ] M A TS =& LEF

Qrouter!#!

At+S Hi4Rpbuting Dule/DRC, Obstruction)

%2 Izt 43

4 Idea/Algorithm
at “System Level" \_/

Huge Libs.

[C++ & Python]

Interactive/Scientific
Stimulus

Executable Spec.
[SystemC/C++]

2|0jor2 HA, DRC, GDS ‘&4 Magic Tech
(DRC)

NetGen!#!

HEZ|AE H|Z 2FAl LVS

— High-Level Syn.
— (Timed)
a— el -
RTLDesign SN SystemC 7B 4 [SDL2/GSL]
= [Verilog] ' SC/C++ Translation A Data Visualization
s | : [Verilator] [python/matplot]
FUnChon unc. Simulation:
Fusssnssnsnnnn
% 1 b '—'bﬁeb"v i SystemCTB &
- Logic Synthesis - Func. Model
[Yosys] a r Al
- ! Net. Simulation
Netlist ____ v > senmsnnsnnnnnnnn
R i «'::m.,. I I SystemCTB =
. Timing Model
v
------ Auto-Placement s Timing Simulation
(incl. Buffer inserfion) ‘|| Place Option [iVerilog/VPI]
[GrayWolf] » par sesnsssssnananns
| = SystemC TB
Port & Si
“““ Emulation/Chip Test EPGA
. : LEF [FPGA/Chipl / . . .
Auto-Router = Fesssmzssszansss I Chi S I I od I
(arouter] [ oo e 1o il |LSMP imulation Verilog Mode
4 o SCE-MI*
: - Y LN
e ) poesscosh™ (Testbench Reuse/VPI)
. e - X Std-Cell — Switch-Level Simulation
= ‘mag .spice = [irsim] (Tcl script)
[Magic] Static Timing Analysis » Report
[VestaSTA]
Layout & - ot . f f
ma - i - .
5 e Sign-Off:
LVS(Netlist Compare) [y 1 C S S k d
Neroert S DRC, LVS, Stacked VIA
Edit Layout =
[Magic] A S ( )
* & » DRC(Design Rule Check) & Tcl ' pyth on
Layout. v [Magic] 2
.mag {spice s ﬁ 5
o i g Legend:
A Stacked VIA Check 5
(check via_stack py) g
£ =
o H i
Chip-Top(Pad-Route) Des, ! VerilogtoSC
p gn Rule Mo Sr iy
—— [Magic] GDS Import/Export
. e e
Magucﬁl’zﬁh File
‘ NSPL
g GDS generation GPIO/PCELL SumeEemmssade
57 [Magic] GDS Review SystemC TB
& [Klayout] REE T Taeninaentt
Q * Std. Co-Emulation
> TaEe[-)gut: Process node.: NSP| -Modeling Interface
5 % Fab-in (0.5um CMOS 2-Poly/3Metal) (e
— s e
= Verification & Test FO . o

CL s S

T'?__gli %%i/_gﬁ =

QFlow@®
C|XFQl 21 HYZ 23 hitps//github.com/GoodKook/ETRI-0.5um-CMOS-MPW-Std-Cell-DK

SHEFAL goodkook@gmailcom
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£ 04. L} My Chip) HIEH AH]A

MPW &

1.9mm

v’ Chip size : 19mm x 19mm, 1EI&
)

KKK K

A2 MA 15mm x 1.5mm Z-8, GPIO AFZA| A2 BHE 1.0mm x 1.0mm &
4% L2 7Y B

v EI(XI)EI- :I.LA-I ol x-”z';l-_}% gig
v ®3717t0E 4% EE ¥
@] PAD 7|2 EH& (m] GPIOAE S¢ Ti7|X| Tl B2 (Cll) (m] Tf7|x] TAHSHX| b= B (Ol)

> PAD X}S 20| Hij%|
NN XX |

~1.5mm

A2 X
X
X
DX

MA4 K

<

X

RXRKKXX KX X X KX X

KEXXXXXXXNXX X

1.9mm

22
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MPW izt

M7 DB &l

a7 ol (1):

== A H: (1) 80dB-100MHz fully
differential amplifier, (2) T00uA
current reference, (3) 4-bit SIPO
shift register, (4) StrongARM latch

El=Ehd ) 12 @Y), aHeastd

A oll(2): 22 Faisiod 127
2AE: JE 57| 0|8t 1% O
OlEf ®HZH7| 7§ (A 2-times time-
domain interpolating Flash ADC with

complementary dynamic amplifier )
El=Ehd ) 12 (3Y), eHgstd

S ZIx} 221 & AA|

- | | {
T

23
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MPW H| £ 38 & i 7| X|

v 05um CMOS (2-Poly/3-Metal) 22 2 247 E0f| T3t MPW H|ZH (& 20 Photolithography, ~230 27 Step)
V' Elgt Bare-Die 307H, THZ|X| & 2071 MZ E7h & ZoA| HE Ho))

Fab. In N/P-Well Active Gate Source/Drain  Contact Metallization

CRC B N s & e
CRCBCRC NN R e v 0 s
nnnnnnnnnnnnnnn

< CHE 239 Scope 0|O]|X]> <EICIO|AL > < 1§7|XI(28-Pin SOP) &| > o4



£ 04. L} My Chip) HIEH AH]A

MPW E4 (&= 10)

@] Voltage Reference: CMOS2| VT 0|& Current Source 47|, AXt EAM(DC) &0l

> V,,=3~6V, Simulation V,,=2.06V ~ 2.19V, =7 V,(avg)=1.9V ~ 2.0V (Simulationd} X}0|

Schematic 7+ = ——— = Simulation

"~
-
n

"
-

"9
=
7

1.95

Output Voltege | V]

@ Half D Flip-Flop: S&i&

Schematic

~0.15V), =& 100% (100%! T7hH

Measurement

3.000V @3.200V
3.800V ®4.000V
04,600V @4.800V
05.400V_05.600V

53400V 53600V @ Vi

04200V ©4.400V Max. L

©5.000V ©5.200V a o
5.300V

19

= Timing

30 40 50 60 70 80 90 100
Test Number[#]

- Delay Time, Rising/Falling Time &7}

(Model Parameter, PEX HHY 0] )

=78 41} Simulation2} X[ (CCH)

@
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20239 MPW A&l (1) cCistm

n AT ASE IARS] TOP. QIXHQUA A|AEIHIE X AAH Q1AM S

= =] s R ie]
- Ele(Ehd S 238l (68Y), EHE3~45HA
= 41 MUX 3! 152 PAD &, = 22 S o H22 79 > 168 MPW & 3% =0, Timing 584t AlZ20[81F R AL
<Ei¥ 8HIE F12E &A)> <23E! > 17| A

= Block Diagram

! [}

' ]

' 8-bit  foMsB !
. B out | VDD

' 3 . '
' up o EN H VDD

' S ]

] »y - - N

° '

.

’

| L2 TV 000,000, 00MHz
| HighLevel 5000V |

counter e

CLK
CLK_1
vss
vss

PIERER NN S ERE

=2H LMD THrT 30 MHz
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2023 H MPW Afg| (2) JCHSHw

MPW & "7}
= ADC T7 Zut

fS 1MS/s, fin = 0.41MHz, N=65536

SNDR =33.61dB
SFDR = 43.90 dB
201ENOB =5.29 dB

AN_po—]

REG — Doyt

AN N

L |
SARLOGIC

,fs SMS/s,f1y = 2.48MHz, 256pts

il [ 0 [l il AR RN 1l
0.0 01 0.2 0.3 0.4 05
Frequency [MHZz]

w0 | Simulation Results

I vy AlZ20|M A 5F
= | SFDR | 484 dB MR MY 5V 5V
g | ENOB | 5.9 bits My A 497 mW 2.37 mW
. | ; sampling It 5 MS/s 1 MS/s
| ‘ I SNDR 37.2.dB 33.61 dB
: | I | SFDR 48.4 dB 43,90 dB

ENOB 5.9 bits 5.29 bits @
7
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» AAE: £ LN 2[F 8H|IE 57| (Booth Multiplier) A A|
- Bl (EHa): 183Y), B3t
= Open Source Tool AFE, K& PDKE 2&5H0] Standard Cell 7421 = Digital IC 27| > GPIO #2t Eror2 & S5 21, 20244
MPW XHf Al
(X_Open Source Tool AH ZZE ZO0HE MPW_My Chip -7 LI E|, EE& https;/fun-teaching-goodkook blogspot.com/2024/07/mpw.html)
C|XIE IC &7 Flow CIXIE IC MA| MPW £l E7}
___________________ B Verilog RTL Synthesizer: Yosys
Qflow : Digital tool flow EDA B Auto-Placer: GrayWolf
St _ B Auto-Router: QRouter
Synthesize B Layout Editor/GDS Generator: Magic
B LVS: Netgen
B Schematic Editor: XSchem
Graywolf Vesta B Spice: NGSpice
Placement — e—————
STA
Qrouter
Route —>
Magic Netgen
Layout & DRC — (VS&LVL : ol
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20253 TL} & (My Chip) AMH|2A; 2 (Qh

v MPW BI85 43, TS DS U (2/012/7+2/7HE 7))
v’ MPW 62] FIZt : SNU > ETRI > DGIST > ETRI - SNU = ETR

20254 20264
T =
il [ | [ | [ on [ouoou | v o [ | || e
X}
e iy JESES 2Kt
MPW S/ B/% 3%}
(KION) 1/8% ANl
- b L ) B
£ M|, =7} 25 7 ) i oL 20N E
G D | i) e S et HIL A=
~372) e B et 0
A
- MPWH|ZH47H &
AL, DBFIEL,
MPW mI%},  TH avesk  MPWHIZGHE) IR
_?E_I MPWH| 2471 &)
[=Y =) =| AN B
MPWH|ZH47H 2)

*025H 2K L & MH|A"O| MPW TAT 370& AR T of M
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