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1. IC,Integrated Circuit

Semiconductor Device
Transistor, MOSFET, Resistor, Capacitor...

% ‘ ] Z/;/’%/ e
Ry NN 7%/?/? O >

IC : IC is integrated circuit, many devices(transistors, resistors, capacitors...) is integrated on
one chip (IC, ASIC, SoC...)

IC : Integrated Circuit
ASIC : Application Specific IC
SoC : System on Chip

© SELCONN



2. Inverter Cell and operation of CMOS

PMOS Operating Principle

CMOS Device PMOS/NMOS When the gate voltage is low (ON)

(Complementary Metal-Oxide-Semiconductor) *The gate is at a lower voltage than the
Inverter n-well.
*A hole channel forms at the surface of
Wafer cross section the n-well.
NMOS PMOS VDD *Current flows (Source = Drain).
( . . ) r g o \ When the gate voltage is high (OFF)
t t .
Source o Drain Source O Drain  Bulk (VDD) PMOS *No channel is formed.
O ) O @ O

I *Current flow is blocked.

V V NMOS Operating Principle
INO—¢ OUT When the gate voltage is low (OFF)

p-type

] substrate \ _
(g *No channel is formed.
Bulk (GND) ;ACI:rrenI:row is bI:)cked_. high (ON)
. en the gate voltage is hig
D
o sog<e NMOS *The gate is at a higher voltage than
Gate o Bulk Gate o—] Bulk —L the p-substrate.
_ oS 03in - *An electron channel forms at the
surface of the p-substrate.
. . . VIN VouTt *Current flows (Drain = Source).
Gate width (channel length) is important. 0o 1

Matured technology : 65/90/130/180/350/500nm oo (©) SELCONN



2. Inverter Cell and operation of CMOS

Inverter Cell(Wafer) & ™
VDD
VDD
PMOS I
o—e VIN
VIN VOUT
NMOS vout
=3 NMOS

GND

PMOS Operating Principle

When the gate voltage is low (ON)
*The gate is at a lower voltage than the
n-well.

*A hole channel forms at the surface of
the n-well.

*Current flows (Source - Drain).
When the gate voltage is high (OFF)
*No channel is formed.

*Current flow is blocked.

NMOS Operating Principle
When the gate voltage is low (OFF)
*No channel is formed.

*Current flow is blocked.

When the gate voltage is high (ON)
*The gate is at a higher voltage than
the p-substrate.

*An electron channel forms at the
surface of the p-substrate.
*Current flows (Drain = Sourc

© seLconn



3. Understanding IC design and production

8 Major Semiconductor Processes

EDA Tools for Masks
. ~ (Cadence, MyChipStationX...)
start 1. Wafer - 2. Oxidation 3. Photolithography | 4. Etching
Fabrication Process Process - Process
1. Ingot growth Types: 1. Photoresist coating Types:
2. Wafer slicing « Dry oxidation > 2. Exposure * Dry etching
3. Development * Wet etching

3. Surface polishing + Wet oxidation 4
4. Cleaning and inspection

_— 6. Metallization /
‘ 5. Thin Film 7. EDS
Deposition - Intconpect . (Electrical Die Sorting) - 8. Packaging

Process
Types: Metal wiring formation Defect screening / Packaging /
« CVD electrical testing assembly
« PVD

© SELCONN



3. Understanding IC design and production

Some examples of semiconductor fabrication Process

Photolithography that draws

circuits on the wafer through light |7U_
"
/ + . Sputtered Sputtering target
o/ 3
.::' / J \ /SUDEIFEI[E
Sputteringgas | —
= —
T \ ’E
— Physical Va por
Ingot/Wafer Photolithography Deposition

©) SELCONN

SELECT & CONNECT



3. Understanding IC design and production

CMOS Fabrication Flow
1. Wafer Preparation

metal2 Start with a silicon wafer
vigl IMD: Inter Metal dielectric .Form the |n|t|a| OXide Iayer
"5 2. Isolation Formation (Active Mask / STI)
| t: contact 7 . : . . .
n:o y Qani ILD: Inter Layer Dielectric ° Defl ne active reglons

*Form STI (Shallow Trench Isolation) by filling non-active regions with
oxide

*PR coating = Exposure - Development - Etching / Oxide fill
3. Well Formation

5 G D D G s *Form n-well and/or p-well regions using well masks

] | *PR coating - Exposure = Development - lon implantation +
Annealing

4. Gate Oxide Growth

*Grow a thin gate oxide layer

5. Polysilicon Deposition

*Deposit a polysilicon layer for gate formation

6. Gate Formation (Poly Mask)

*Pattern the polysilicon gate

*PR coating -» Exposure - Development - Etching

STI: Swallow Trench Isolation
p-well

n well

p-type body

The purpose of EDA tools is to create accurate masks
required for the semiconductor manufacturing

process. @ SELCONN



3. Understanding IC design and production

IMD: Inter Metal dielectric

contact ILD: Inter Layer Dielectric

STI: Swallow Trench Isolation

n well

p-type body

The purpose of EDA tools is to create accurate masks
required for the semiconductor manufacturing
process.

CMOS Fabrication Flow (Continue)
7. Source/Drain Formation

*Define source/drain regions using implant masks

*PR coating = Exposure - Development

*LDD implantation - Spacer formation - Heavy source/drain
implantation

8. Interlayer Dielectric (ILD) Deposition

*Deposit the ILD layer

9. Contact Formation (Contact Mask)

*Open contact holes to source/drain and gate regions

*PR coating - Exposure - Development - Etching

10. Contact Fill

*Fill contact holes with a conductive material such as tungsten
11. Metal Interconnect Formation (Metal Mask)

*Deposit the metal layer

*Pattern interconnects using photolithography and etching
*Metal deposition - PR coating - Exposure - Development -
Etching

12. Passivation / Final Processing

*Deposit the passivation layer for protection
*Complete final testing and packaging

© sELCONN



3. Understanding IC design and production

Process Design Kit(PDK)

ETRI B1:au2 D80T

2. Layer Information

2.1 Layers for Standard Process

Layer Name L;);ﬂ Function Dif:i:ed
CHIPBOUNDARY 0 Define chip boundary

KEY 1 Define Align key c
NWELL 2 Define N-well for PMOS body C
PWELL 3 Define P-well for NMOS body (e
ACT 11 Define Active area D
POLY1 12 Define Poly-Si 1 for gate of transistor D
POLY?2 13 Define Poly-S1 2 for resistor and capacitor D
NSD 14 Define N-type mmplant region for N-LDD and N+ o
PSD 15 Define N-type implant region for P-LDD and P+ €
ESDI 26 Define ESD implant c
CONT 31 ?(e)?x;fzconnct from MET1 to ACT, POLY1 and c
MET1 32 Define Metal-1 for interconnection D
VIAL 33 Define Vial connecting MET1 and MET2 c
MET2 34 Define Metal-2 for interconnection D
VIA2 35 Define Via2 connecting MET2 and MET3 €
MET3 36 Define Metal-3 for interconnection D
PAD 37 Define open region of passivation for bonding pad C

43PoLY1Rules ETRI 500nm FAB (Polyl width > 500nm)
Rule No. Description Label Value (um)
3PLLW1 POLY1 width over ACT (NMOS or PMOS) al = 0.5
- Maximum POLY1 width (Transistor Channel
> < !
3PLLW2 Length) al < 100.0
3PLLW3 POLY1 width for interconnect a2 > 0.5
3.PL1S1 POLY1 to POLY1 space in field bl > 0.6
3PL1S2 POLY1 to POLY1 space on ACT b2 = 0.6
3PL1S3 Space from POLY] in field to ACT b3 S 0.5
3PL1LS4 ACT space to POLY1 in field b4 = 0.5
3PL1O Overlap of POLY1 extended into field oxide 3 = 0.5
3PL1ANT Maximum ratio of field poly area to gate poly for & 200
a given transistor(antenna rule)

. POLY1

B cont

(©) SELCONN
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4. MyChipStationX - introduction

MyChipStationX is a modernized semiconductor design platform developed by Selconn, based on
proven MyCAD technology heritage dating back to 1990 and worldwide deployment across industrial,
academic, and research environments.

- A complete EDA environment for analog/digital IC design

- Layout editing and verification (DRC/ERC/LVS/PEX)

SchedPro : Schematic Capture
Logic2Spice : Schematic to Spice netlist conversion

LayEdPro : MyChipStationX main program including Layout Editor
CifGdsPro : File format converter, including GDSII import/export
MyDRCPro : Design rule checking(FAB specific)

LayNetPro : ERC checking & netlist extraction

MyLVSPro : Layout vs Schematic comparison

MyOpenROAD : OpenROAD (open-source Synthesis & PnR tool) Launcher

*GDSII (Graphic Data System Il): Final layout file for photomask generation.)

© SELCONN



4. MyChipStationX - Schematic Capture

SchedPro : Schematic Editor/Capture
Logic2Spice : Schematic to Spice netlist conversion

. B MyCAD Schematic Editor V7.0 - [Mycell/ad3/schematic] = [m] X 1 a < KANC.NNFC  drclog e - x|
ileﬁ ID¥E BIE 270 FTHA EE HOOIZL EFQD HESW E2TM e x| ne Wy =7 v o @
IDSd|@R|2¢ s 2% |BE |2 iz 2 = A -
= Zix v o : — *  MyAnalog V7.0 SPICE netlist generator
=0 Mycel —_ = *  Cell Name = ad3
! B ad2 © *  Flatten Extraction for Berkely SPICE 3
| =-EB ad3 O | = Generated Date : 2026/4/23 10:14.31
{ hierarchy |
. @ schematic *GLOBALABCY
i B symbel e *GLOBAL VDD GND
| @ ad4 e &k "
[ =@ 2022 MT_I5 I7_PNS A 14_NND GND NMOS L=0.5U W=1.6U
I 3 “°§§ 5 . | MT_1 VDD A [7_PNS VDD PMOS L=0.5U W=3.2U
» g :giz 3 MT_IO VDD B I7_PNS VDD PMOS L=0.5U W=3.2U
{ & buf ~ MT_I4 14_NND B 16_NND GND NMOS L=0.5U W=1.6U
{ o @) buf2x O MT_I6 16_NND C GND GND NMOS L=0.5U W=1.6U
[l e B bufx < MT_I7 VDD C I7_PNS VDD PMOS L=0.5U W=3.2U
| B bufex =~ MT_I8_11 VDD I7_PNS Y VDD PMOS L=0.5U W=3.2U
| & buz A | MT_I8.I5 Y I7_PNS GND GND NMOS L=0.5U W=1.6U
| BB dc24 = % *
=3 i VDD VDD 0 DC 5
B far VSS GND 0 DC 0
m-E fdrs
Egggg EABE FIE S242. kly [ Num[ //‘1 g181 9,195%} gy RAE 100% Windows (CRL  UTF-8
AND3 Schematic Netlist of AND3

(©) SELCONN
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4. MyChipStationX - Synthesis and PnR

MyOpenROAD.exe : OpenROAD launcher for synthesis and PnR

a5’ MyOpenROAD V1 — O

MyCAD OpenROAD Launcher

Select Platform etris00

X

Select Design [cnndb_conv?

Run OpenROAD

MyOpenROAD.exe

2% windows PowerShell X =l

../flow/logs/etri500/stopwatch/base
Log Elapsed/s Peak Memory/MB

1_1_yosys_canonicalize

2_1_floorplan
_2_floorplan_macro
_3_floorplan_tapcell
_U_floorplan_pdn
_1_place_gp_skip_io
_2_place_iop
_3_place_gp
_U_place_resized
_5_place_dp

_1_cts

_1_grt

_2_route

_3_fillcell
ST
_1_merge
6_report

p)
2
2
3
3
3
3
3
u
)
S
5
6.
6.

e

22

shalsum .odb [0:20)
fe60d3595119b88F8aub
b13215b1196U4F155c861
971505229e3f3f5820d1
ad8726627e187d8dc7uUf
ad8726627e187d8dc7uUf
9fd8f23eeab72ff00d33
69317c3+5e6925U8e557
e727e99805aa387dboud
c756d5¢c28587c7d952uUe
28ea289cUb2206803fcU
68898cU6c219813c6d5
62e8e9dlcefl8aadbada
Ubefe9053f1dule3afaf
197acf6bldbc8e71a50e
a8fdcbd869a588353096
cf92ePal6eddlf7Ud503
cf92ePal6eddlf7Ud503

N/A
N/A

ERFNODOOHHOOHODODODODODODODOO®

Total
2026-06-11 22:24:17 Build finished. ExitCode=0

2026-06-11 22:24:17 DONE

2026-06-11 22:24:17 ==== Build end: 06/11/2026 22:24:17 ====
PS C:\MyChipProX\openroad> |

=

Result of OpenROAD

(©) SELCONN



4. MyChipStationX - Layout Editing

LayEdPro : Layout Editor
CifGdsPro : File format converter, including GDS import/export

) Ly o 2026 e

Ded & 1 Beopemag ¥IB B 20
Poject (ol Ed8 Wew Coate Opepton lnstance Vedfiton Opton Window  Heb
Pioject 3% g
= @ ged_skyl30hd
= Cells
a0l
e a2n

:‘@m*f!er

0 16,823 [

Layout Viewer & Editor Stopwatch core and 10 PAD Bipolar) oggia_ncs:ls&s)f\l N




4. MyChipStationX - Verification

MyDRCPro : Design rule checking(FAB specific)

=0 "
DEE SR ocEéeonoaary HABE POB OE, .
Project Cell Edit View Create Operation Instance Verffication Option Window Help
Project 2 x mv| # Message
B .T‘V[‘:ESLEH - Wl There is no error type was filtered !!!
T L0 INV 0 RULE 3.1:WIDTH[POLY1]) IS LESS THAN 5,...
@ Libraries 1 RULE 3.1:WIDTH[POLY1]) IS LESS THAN 5,...
Minimize dialog ‘ Fold dialog
Verification
& DRC Eont size i' v Scroll to error
x v Show Message
" ERC
~ LVS Error Filtering
Search
{
SGAL Search pattern I*
Load ‘ Show All | Hide | Close |
- [
0 10, -0.5

Design Rule Check result — 2 errors, polyl width error (less than 500nm) @ SELCON N



4. MyChipStationX - Verification

MYERCPro : Electrical rule checking (Detection of Electrical Rule Violations)

&

DEW SR iR o [Eéonoaay XYM B 08 »BE %E=E

7 Edit View Create Operation Instance Verification Option Window Help

Verification

-8x
‘ 3 X mvl 1 b x| Layer ax
= Message AllView |
= " There is no error type was filtered !'! | [ e R, | .
0 SHORT CIRCUIT
Minimize dialog | Fold dialog

~ DRC : i’ v Scroll to error
& ERC Foutaize s v Show Message .
. oundary
~ LVS Error Filtering polyltxt
Search
~
SEas Search pattern [*
Load | Showall | Hide | Close ||

Ready 1 -3.2, 22.1

Electrical Rule Check result — 1 errors, short between input A and output Y

© sELCONN



4. MyChipStationX - Verification

MyLvsPro : Layout versus Schematic checking

g
DER SR acEeoponary ¥AH B o3 wOE %EE

Project Cell Edit View Create Operstion Instance Verffication Option Window Help

Project 2 x mvl 1 b x ||Layer

=@ INVERTER Allview |
=43 Cells Alsel |
Verification Errors x —

# Message

5 1! There is no error type was filtered !!!
0 DISCREPANCY 1

Minimize dialog I Fold dialog

Verification
¢ DRC Font size il g gﬁ::' ::ees';:'e
 ERC I}
Error Filtering
@« LVS
Search
c
A Search pattern ’*—
| Load | ShowAll | Hide | Close ||
C
Command |
Ready 7

16.3, -1

B KANC_NNFC.CMOS ®  Inverterdr X
o HY E7

EXXXXXXXEXRRAXEXREXE XXX A AR XXARR XXX XXX AR XX XA R XX AR R XXX R XXX XX

* MyAnalog V7.0 SPICE netlist generator
*  Cell Name : Inverter

* Flatten Extraction for Berkely SPICE 3

& Generated Date :: 2026/4/23 10:7.45

EEREEXZRRZXAXXERRERRARRAERARERRRERRR A I AR AR RRR R AR R R AR RARRAR

*GLOBAL INO OUTO VDD GND

ERREXXXXRXXXXXERRERR XXX XXX XXX RAR R XXX X RRE R R R RRREEREEERRE

MT_I0 OUTO INO GND GND NMOS L=0.4U W=1.6U
MT_I1 VDD INO OUTO VDD PMOS L=0.5U W=3.2U

FEkEEXERRFXRXRREEETRRRERREREERRR R RRRETR R LT RR R RRRE TR TR E
ZRXXXXRXRXXARXEERREER AR ARR XA RRRAR XXX AR R XXX RRR AR AR ARE
EEXEXXXXXXRXAEXXXXXX AR XXX AXARAXXAX XXX AR AXAR R X AR XX AR LR R A
K o = = ire Command Evamnplegtc====== ==

====Spice Command Examples========
*.0p : DC operating Point Analysis

¥y o @ @B

LVS Check result — 1 errors, discrepancy between NMOS Gate width in circuit and Layout gate width

(©) SELCONN



5. Cell design example - Inverter

What You Need
1. Schematic

2.

VDD

oV
1

{ E:':&@ Tech File Name

Platform PDK files (Technology, Rule, and Mapping Files for Semiconductor Fabrication)
3. Generating Project on LayEdPro.exe

ETRI 500nm process

= R|(): "3 ETRI_S00 / ~| e 5
o - I o
=] NSPL_0.5um_CMOS_2P3M_SV_MyCAD_TEC_etri... 2026-04-19 2= 9:08 TEC

Technology file (layer map information) for ETRI 500nm process
(\Data\Platform\ETRI_500\...)

It OIZ(N) | 27/(0) |
IH @AM | Technology Files (*.tec) | Ha |

/

(©) SELCONN
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5. Cell design example - Inverter

Ready for ETRI 500 process (Cell -> new cell -> generate ‘inv cell’)

i
Ded & ORDoHAY AWM B 03 »OE %E=E
Project Cel Edit View Create Operation Instance Verification Option Window Help -85 X
Project ax im,l 1 » x || Layer o X‘ - "
=-#% aaa AllView
=2 Cells AliSel
D inv e~ >  ETRLS500 ETRIS Q

1 Libraries

| — T

act
B Mg EE=

ETRI 500nm PDK

B NSPL_0.5nm Analog SPICE BSIM3_MyCAD_etri.inc
| NSPL_0.5um_CMOS_2P3M_S5V_MyCAD_DRC_etri.rul
] NSPL_0.5um_CMOS_2P3M_5V_MyCAD_ERC_etri.rul
NSPL_0.5um_CMOS_2P3M_5V_MyCAD_TEC _etri.TEC
[ ) ProcessStepDefinitionCMOS_2P3M _etri.csp
STIPPLELST

0|

M v Hierarchy —EE
Command | @ SELCONN

Ready . ] 0 6.5, -16.3




5. Cell design example - Inverter

INV i b x || Layer 2 mvl i b x ||Layer n INVI i b x || Layer R
1 NoViev I NoViev
Alisel | Allsel |
nwell nwell
pwell pwell
act act

poly1
nsd

poly1
nsd

V72722psaZ22222

poly2

vial
met1
met2
via2
met3
res
pad
esd
vsd
boundary
poly1txt
met1txt
met2txt
met3bxt
padtxt
cap
diode
esdd

met1
met2
via2
met3

res
pad
esd
vsd
boundary
poly1txt
met1txt
met2txt
met3txt
padtxt
cap
diode
esdd

boundary
poly1txt
met1txt
met2txt
met3txt
padixt
cap
diode
esdd

n-welll/act poly1/psd/nsd contact (@) SELCONN



5. Cell design example - Inverter

NV 1 b x ||Layer 2 INV|
‘ NoViev

AllSel

[ nwel____]

pwell

poly1
nsd
psd
poly2
§ cont}
vial
met1
met2
via2
met3
res
pad
esd
vsd
boundary
poly1txt
met1txt
met2txt
met3txt
padtxt
cap
diode
esdd

x || Layer 9 INV[ 1 b x| Layer g
| Noviey AllView
AllSel AllSel

nwell
pwel
act
poly1
nsd
psd
poly2
l:] cont}

vial

met1
met2
via2
met3

res
pad
esd
vsd
boundary
poly1txt

metall text1(label)

iy
¥
7
v
5
¥
¥
-5

i

vial/metal2 @ SELCONN




5. Cell design example - Inverter

Verification (DRC/ERC/LVS)

i} LayEd Pro 2026 - [INV]

DEE & o0 Eeopocaay “4H B 63 9OF %EE

Project Cell Edt View Create Operation Instance | Verfication | Option

Window

O X
Help - 8x
CtrlsShift+D || 4 p x |[Layer 2 x

Project 2 x m\,l B¢ Dre...
EE- INVéEH"TEH 4 Extract & ERC...
R A Ny >3 Extract & ERC with Shape...
(3 Libraries ¥ Lvs...

[EF Load Result...

&%, Next Error
Previous Error
Show All Errors
Hide Errors

I

Show Error Message

Shift+Al+E
Ctri+Shift+E
Ctri+Shift+L

Allview |

Ctri+L

N
Shift+N
Shift+H

H

Command
Run DRC for this cell

0 2.5,22.3

(©) SELCONN



5. Cell design example - Inverter

Generated Masks

n-well polyl act nsd

(©) SELCONN



6. Design Stopwatch : Circuit (bottom-up)

ETRI500 MPW(multi-project on wafer) Platform
ETRI500 Standard Cell library
ETRI500 10, PAD Library

Layout X +
| & ‘ P, C J > -+ Library > ETRIS00 > Layout > Layout 2444 Q
@ M= 87| - N BE- e He x=
J cesc B 0|2 B +ES 2N 2% El
| PA » "1 ETRI_IO 2026-04-20 2F 12:10 LY £6
g sox * " ETRIS00_std 2026-04-20 2= 12:10 EY B0
O 22 > MPW_PAD_28pin 2026-04-20 2 12:10 ItY =G
Selconn MyCell 2026-04-20 2% 12:10 oY E0
Help
NNFC
testnnfc
M 4 PC
471 g5 E] O

- ' (©) SELCONN
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6. Design Stopwatch : Circuit (bottom-up)

ETRI500 10, PAD Library — PIC(input pad), POB4(output pad, PVDD, PVSS)
ETRI500 MPW(multi-project on wafer)

| {8 LayEd Pro 2026 - [MPW_PAD_28pin_Seloco [R] ETRI MPW 10 PAD - O X ETRI 500nm Standard Cells
DEEH & ) Dhog Ay X¥4@ B m55?@LayEdeEOZSfIA032[R]] - 0O X
Project Cel Edit View Create Operstion [Instance Verffication Option Window H D@ W & B o DhoSAY “4% B o603 90E ==

Project B X[ fulL STOPWATCH MPW_PAD 28pin_Seloco [R]l Project Cel Edit View Create Opemtion Instance Verfiation Option Window Help - & x

& PAD_METAL_PVDD
B PAD_METAL_PVSS
& pad80_CDNS_707221307640
B PANA
& PBCTY
. & PBCTS
& PCELLI
& PCORNER
B pdiode10_CDNS_70722130764
& PDRV
& PIC
& PLEAF
& POB24
& POB4
& POBS
& polylcont_.CDNS_7072213076¢
& poly2cont_CDNS_7072213076¢
& poly2cont_CDNS_7072213076¢
B ptap_CDNS_7072213076411
& ptap_CDNS_7072213076415
- PVDD
& PVSS
B SINGLE_GUARD
B Vial
B vial_array_CDNS_7072213076
B vial .CDNS_707221307644

A VA
() List | ¢ Hierarchy
|| Command
| Ready

i)

=23 [ 3] C:WMyChipPro2026WStopw
& AD2

& BJT.PNP._5%5
& BUF

& BUF2x

2 BUF4x

B BUFgX

B BUFZ

& CAP

& CONTACT
& DC24

& FD

& FDR

& FDRS

a7

[0 ust | e Hierarchy

Command
Ready

CSUU

2057.4,1207.9

Project 2 X|| FULL_STOPWATCH | MPW_PAD_28pin_Seloco [R]

5

1 b x|l Layer 2 x|
Alview |

A032 [R] |

— 202,09

© SELCONN



6. Design Stopwatch : Circuit (bottom-up)

ETRIS002 Standard Cell — Layout/Circuit, total 48 logic/contact/other cells

4

[3 C:\MyChipProX\Library\ETRI_500\Layout\MyCel\Mycell.prj - Notepad++ - O X | ' [J CAMyChipProX\Librany\ETRI_500\Layout\MyCell\... = (] X
File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window ? - v X File Edit Search View Encoding Language Seftings Tools Macro
= 4 == - — Run Plugins Window ? - v X
SHE =IPAGE clR-R-4N KK B=1-E =28 GBleeom
o= = o e % &) 3| Ua || =9 = Gal | =2 - 3 & "
—— cBHR R B shhoc| iy x| >
. Mycell.prj ] | o AT ‘
= - yeellpg 2 E3 EMycell.pq 2 EB—]
= (EHER) - - 31 CELL OAI22 OAI22. 00
2  TECH FILE C:\MyChipProX\Data\Platform\ETRI_S500\NSPL_0.S5um CMOS_2P3M 5V_MyCAD_TEC_etri.t B : xo2 xoz 01
¢ [COMMON] 33 CELL  XN2 XN2 01
4 CELL INCONT INCONT_ 01 34 CELL BUFZ BUFZ 01
5 CELL VIa VIA_OJ. 35 CELL INVI4X INVT4X._ 00
€ CELL PCONT E‘CON'T_Ol 36 CELL INVIBX INVISX._ 00
7 CELL AD2 AD2 01 37 CELL INVZ INVZ 01
8 CELL BUF BUF 01 BECTLE  FDS DS 01
g CELL OR2 0R2_Ol 39 CELL FDRS FDRS_0O1
L ey ADS ADS 01 40  CELL  LDS LDS._00
7 CELL 2032 -A032 00 41 CELL LDR LDR._00
e : f— 42 CELL LDRS LDRS_01
12 CELL A0322 A0322. 00 a3 CELL D24 DC24 01
13 CELL FDR FDR_0O1 44 CELL INVT INVT 01
14 CELL AOI21 AOIZ21. _00 45 CELL AC22 AOZZT_OO
1S ENCELL AD4 AD4 01 46  CELL  BJT_PNP_S5x5 BJT_PNP_5x5 01
16 CELL BUF4X BUF4X._00 47 CELL CAP CAP_01
17 CELL BUF8X BUF8X. 00 43 CELL RES RES 01
18 CELL LD LD 01 - 49 CELL INVI2X INVI2X._00
19 CELL OR3 ORE 01 50 CELL CONTACT CONTACT._00
= a7 S1 CELL BUF2X BUF2X. 00
21 CELL OR4 OR4_01 52 =
21 CELL ND2 ND2_0l1
22 CELL ND3 ND3_01
23 CELL ND4 ND4 01 Ln:13 Col: 19 Pos: 296 Windows (CRLF) UTF-8 INS
[Norm length: 1,036 lines: 52 Ln:1 Col:1 Pos:1 Windows (CR LF)  UTF-8 INS

(©) SELCONN
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6. Design Stopwatch : Circuit (bottom-up)

Modular circuit design on ScheEd.exe
1. 2 digits for SECOND (0~59), 2 digits for CENTI-SECOND (0~99)
2.  Start/Pause key, Reset key, Clock(100Hz)
3. 3 BCD counter (0~9 count), 4-pin BCD output X1X2:Y1Y2
4. 1 mod 6 counter (0~5 count), 3-pin output
| ﬁ MyCAD Schematic Editor V7.0 - [STOPWATCH/STOPWATCH_CORE/schematic] = o X
| @ File Edit View Add Shape Layout Tools Window Help = - ET

Do &R |2 b RRE(BDE | T (|4£20 S A (|65 =%
: =l

=143 MyCAD Design Manager
=02 STOPWATCH

QoY

B FULL_STOPWATCH

@ @ MoD10

=-Eh moDe
hierarchy
schematic
symbol

= STOPWATCH_CORE =h,
hierarchy
B schematic g
symbol

- Analog I T = @—b—.mvmv

- ETRI_GPIO_Cell L

3 x Mod10 Counter ‘ModG Counter

@ ETRI_Std_ckt -
@ Mycell bk il e e

> Jons

Circuit for testing other Cells

For Help, press F1 " - oo - @ S E LCO N N

SELECT & CONNECT




6. Design Stopwatch : Circuit (bottom-up)

Mod6 counter

'- ﬁ MyCAD Schematig iéc;{tor V7.0 - [STOPWATCH/MODG&/schematic] = O X ‘
:.:ﬁfile Edit View Add Shape Layout Tools Window Help - I =3 |_|‘
|DEH|8R[2x s 2@ J'jﬂ 7|2 (e a]L=|t | Standard Cell Circuit
| .l x
| @ B 20322 C-
| @ B 2021 =
| = BB buf | o | 4 FDR
| ;g o - {:_! 35:} flip-flop with Reset
| R | 6 BUF
| @ g de24 L.J‘-IL o buffer
o] fd R
| B2 = BD "~ 2MUX2
| ig ;:;s FM_M. . o g | 2-input mux
| W:‘g e 'j_r' ] ol 1 AO22 cell
5 B invtdx e ﬁ@_ ~| OR (2-input AND) (2-input AND)
o B v o [ o | A 1A032cell
| Dg . = L | OR (2-input AND) (3-input AND)
i &2} r 2 » Q2 \
: =B Idrs
! BB 1ds
| = muw
] @ muxd

|For Help, press #1 x= 64 ly=-584 T 2 @ SELCONN

SELECT & CONNECT



6. Design Stopwatch : Circuit (bottom-up)

Check Circuit, Spice Net List Extract

Tools -> Check Circuit

[ Check circuit

{ ﬁ MyCAD Schematic Editor V7.0 - [STOPWATCH/STOPWATCH_CCORE/schematic]

| iEiFe Edit View Add Shape Layout Jools Window Help
D H SR | = &

1=l

E-4&38 MyCAD Design Manager
=43 STOPWATCH
=-B FULL_STOPWATCH
@=-Eh moD10
: = @ MoD6
hierarchy
&] schematic
@ symbol
=-Eh STOPWATCH_CORE
hierarchy
B schematic
symbol
@ Analog
@ ETRI_GPIO_Cell
@ ETRI_Std_ckt
@ Mycell

T R ? |J A= A || gT - ‘

 Enors
Check all erors
V¥ Invalid net/bus name
¥ Net disconnect
¥ Bus has no name

W Invalid bus width

W Invalid net index

¥ Bus size mismatch
W Short

W Floating input

W In-port disconnect
W Port mismatch

W Port duplicate

M NetInput(@)

[ Wamings

Check all wamnings

™ Out-port disconnect

NR A DFF SELECT
map—

[~ Symbol not found
[ NetFeedbac(K)
™ Floating output

BeGin | Finishi2) |

- X

<« | » | Close |;

Electrical Rule Checking. ..
0 Error(s], 0 Warning(s)

Y Logic2SPICE V7.0

Context File : [T

>
x|

Tools -> Spice Netlist

Library : |STOPWATCH

Cell : [STOPWATCH_CORE ~|

Result File : |C:WMyChipProZDZEWDemoWStopwatehW & Browse... |

Include File : [C:#MyChipPro2026WDataWPlatiormWt v | & Browse... |

¢ FBun | View | X Close | Option,.. |

~—1 L
TEST OX ¢ 1
— aTEST @

|For Help, press F1

x = -1242

y =731

ry

NUM

(©) SELCONN
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6. Design Stopwatch : Circuit (bottom-up)

Make Symbol of Stopwatch_core

‘ ﬁ MyCAD Schematic Editor V7.0 - [STOPWATCH/STOPWATCH_CORE/symbol] = a X
@Eile Edit View Add Shape Layout JTools Window Help - (= | X |
DEH SR 2 BRE D | P |82 S A |5 =%

=xl = ‘
1428 MyCAD Design Manager B |
& (3 STOPWATCH ND_Y_NRY ~ NR_A_DFF_SELECT TEST_0B D
2B FULL_STOPWATCH | ERRN | T | SRR | =
. @£ mop10 NR_B TEST_Q .
. =80 MoDs =
hierarchy =— CK TEST_CK [—= ag
@ schematic =—! C1B e
H symb°| -— SEL | a
=-B STOPWATCH_CORE QD2 -
hierarchy STOPWATCH_CORE a1 = ‘
schematic Pl e apo|—= N
symbol
@ Analog =1 oAt R i .
@ ETRI_GPIO_Cell — QA2 O
i -
@@ ETRI_Std_ckt =—| 043 ac2 ~
s
® Myol QB0 QB1 QB2 QB3 aco A

o ry— - — o 4 @ SELCONN

SELECT & CONNECT



6. Design Stopwatch : Circuit (bottom-up)

Make full_Stopwatch including 10

[ ~ATY C r T CTODWA AT LT | CTODAMAT 1 —
| w MyCAD Schematic Editor V7.0 - [STOPWATCH/FULL_STOPWATCH/schematic] — ] b4

(@ Eile Edit View Add Shape Layout Tools Window Help _ & x|
D@ H (SR (2 s 2RE (B | |(L20I A |[[f=-kE
| g =L . Connect ETRI 10 PAD
| =) STOPWATCH_CORE e A MRS O PIC — input PAD
o

B hierarchy T TT T 1' T T. - POB4 — output PAD

schematic = E " |

" . symbol g 3 =18 I8 |8 PVDD - VDD PAD
E 8 o o | emce PVSS — GND PAD

| =
& (2 ETRIGPIO_Cell - ] T LITT rr‘
o =B G I T & i i
: w B N2 = 1 L= J——r P
| = _|' HEE e . Extract Spice Netlist
]
= HEE®

o —

- =Bl LTSLoGIC Sl =
(it will be used for comparing with
final layout)

PANA P e

> Jons

= 3 PBCT4 el I
- B PIC AL C5T] i
g ; B PIC_ORIGIN e e o e oy e —»
| . =Eh roB4 | | R = B [
| 2] B POBS i 5 *| #vas 15 T »
|| e@evop l l i .J [ l I
. @ B Pvss RN g B
@ ETRI_Std_ckt i X
@ Mycell

;irarHelp, press F1 B =412 y = -545 T INuM @ SELCONN

SELECT & CONNECT



6. Design Stopwatch : Circuit (bottom-up)

Spice Simulation using extracted spice netlist

PF LTspice - FULL_STOPWATCH,cir

File Edit View Simulate Tools Window Help

CADHECDNTES %

O Simulation using netlist L BRI Sl

&

from Schematic (LTspice)

O SPICE Simulation
PADOS5 -> CK
PAD06-> CLB
PAD11 -> QA3
PAD12 -> QB0
PAD15 -> QB3

= |[E e

PAD16 -> QCO
99s -> 1s vss Gup o 2o o

VVDD_VDD VDD VDD DC 0
VGND_GND GND GND DC 0

(I Iy Ny By Ny By

-tran 0.lms 2000ms

§| VCLK PADOS 0 5 PULSE(0 5 On 10n 10n Sm 10m)
|| va1 pAaD0O6 0 5 PWL(On 0 10m 0 11m 5)

VA2 PADO4 0 5 PWL(On 0 10m 0 1iij S)

lx = 0.8265 1y = 5.990V

(©) SELCONN



6. Design Stopwatch : Layout (bottom-up)

Stopwatch project generation using ETRI 500 platform — LayEdPro.exe

-4 Empty Project
g Cells
[ Libraries

New Project

Project Path
|'ChipProXﬂworkﬂstopwalchstpwatch.pri Browsel

Technology Path
[attorm“E'lFl_SllllﬂNSPL_IJ.Eum_CMOS_Z Bruwsel

ok | Cancel |

M List | v Hierarchy |

8 LayEd Pro 2026 - 3G

- Project Cel Edt View Create Operation Instance Verfication Option Window Help

DEHE &SR 2R o [@eoboaary HAY B o683 »0E =R

Project o X Layer 1 X
AllView NoView

AllSel

NoSel

Iln l2an 45 1040 7%

| Doy

(©) SELCONN
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6. Design Stopwatch : Layout (bottom-up)

Create Cells and Binding Libraries

4
Project Cell Edit View Create Operation Instance Verification Option Window Help
= = Voo @EeonomAdr HIW B PO lE ENREE])
Project X MODG|I'OD 0 | stopwatch_core | full_stopwatch I b x| |Layer it
=% stopwatch - AllView . . .
5 @ Cells Project -> Bind Library...
O full_stopwatch ARz J Y
0 MODID fiss o
0 MODB

[ stopwatch_core
=}-43 Libraries
- @ [ 1] C¥MyChipProXWLibraryWE TRI_S0(
-1 [ 2] C:WMyChipProXWLibraryWETRI_S00

Library\ETRI_500\Layout

- EYTRL_IO

- MyCell

- MPW_PAD_28pin_Seloco

2T @l |

Library # :
3

Library Path :
lC:HMyChipPruXHLibraryﬂETRl_S[ll]HLaynutﬂ Browse

OK | Cancel I

(3 List Iy’_u Hierarchy l ‘ ! e

Ready —— :‘.‘::.:i @SELCONN




6. Design Stopwatch : Layout (bottom-up)

Design mod6 Layout on LayEdPro.exe
Place Cells and connect each cell based on Mod6 counter Circuit

i LayEd Pro 2026 - [MOD6)

Project
[ =

| Project

Cell Edit View Create

& [& Le)

ohoFAY HYM B B wBE wEE

# X|| MODG | MPW/_PAD_2

= [ 11 C:WMyChipProXWDemc
& AD2

& AD3
& AD4
& A022
& A032
& A0322
& A0I21
& BJT_PNP_5x5
& BUF
B BUF2X
& BUF4X
& BUFSX
& BUFZ

& CAP

& CONTACT
& DC24

& FD

& FDR
& FDRS

& hIYA

- [ List | o Hierar

,Ready

cny

FDR cell

Operation Instance Verification QOption Window Help

rel

POB4 [R] | PIC

AliSel

- 4 FDR cells

flip-flop with Reset
= 6 BUF cells
buffer
2 MUX2 cells
2-input mux
1 A022 cell

OR (2-input AND) (2-input AND)
1 A032 cell
OR (2-input AND) (3-input AND)

Connect each cell using metal/via

bound:
el after placement

poly1bxt
metitxt

' Run DRC Frequently

[-:T During Layout Design

cap

(©) SELCONN
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6. Design Stopwatch : Layout (bottom-up)

Designed Mod 6 layout - Flattened View

- S

{4 LayEd Pro 2026 - [MOD6]

Project Cel Edit View Create Operation Instance

| DSl &L 26
Project 2 X|| moD6 | MPW_PAD_
=t STOPWATCH
| -3 Cells
3 FULL_STOPWATCH
3 MODIO
™ MODB

O STOPWATCH_CORE

=43 Libraries

=- 3 [ 1] C:¥WMyChipProX¥Demc
| @ aD2
&D3
&D4
AD22
A032
AD322
£0121
BJT_PNP_5x5
BUF
BUF2X
BUF4X
BUF8X
BUFZ
CAP
CONTACT
DC24
FD
FDR
FDRS
FDS
INCONT
INVT
INVT2X

INYT4X
INLTRY

bl g oy ) o Y Y N o Y o R o o o

Verification  Option Window Help

OD o8 A X >3 B %=

[R] * | POB4 [R] | PIC [R] | FDR [R]

= [m] X
- B X
Layer 3 X
AllView
AllSel

!. j List | vw Hierarchy

Ready

0 _[175.5, 44.35

| W

vsd [
boundary
poly1txt
|
'
C
cap
diode

© sELCONN



6. Design Stopwatch : Layout (bottom-up)

Design mod 10 Layout on LayEdPro.exe
Place Cells and connect each cell based on Mod 10 BCD counter Circuit

| 2 LayEd Pro 2026 - [MOD10] - m] X |

Project Cell Edt View Create Operation Instance Verfication Option Window Help -8 x|

IDSE &R DhoRAY ¥4 B ool wOE %=
{ Project ax MOD10| 1 b x ||Layer a xi
= STOPWATCH AllView
=3 Cells
0 FULL_STOPWATCH
& MODI0
O MODB
e STQPWATCH_COHE

=43 Lib T
Ls »Lﬁm‘"}i
5

AllSel
o

raries TR
&= @ [ 1] C:¥¥MyChipStationX} / .
@2 [ 2] CiMyChipStationt 1 5

| = 2 [ 3] C:#¥MyChipStationxt ) & B8 B18 )

) P —

f

i
i
f

boundary
poly1txt
met1txt
met2txt
met3txt
I = oo
cap
diode

;- [ List | ¢ Hierarchy

| Ready

(©) SELCONN



6. Design Stopwatch : Layout (bottom-up)

Design Stopwatch core using mod10 and mod6 based on stopwatch_core circuit

e
B8] braiart rall Cd# \iaar Crasta Nnamtian Inctanca Marificatinn r{DtiUF‘I \deo\ Help - 8 X
B
WEE PO 20 M0 2T ANV EFD BERW SEEM) =18 x| @ﬁ U’ SBE 0 .@ %D.
DS el e 1| PIC(R] | FOR [R] STOPWATCH_CORE | 1 b x| |Layer
| AllView
| AliSel
= pwell
R
act
poly1
e ‘*._‘[D =
ok — |

SETEENAEAIE SE4S

boundary

poly1txt

met1bxt |

" st [ A Hierarchy

Ready . 0 _|l422.1, 285 . NUM

(©) SELCONN



6. Design Stopwatch : Layout (bottom-up)

Stopwatch Completion — Connecting the Stopwatch Core to the 1/0O Pads for the ETRI MPW

- Create a new cell named Full_stopwatch. Load the 28-pin pad frame and Stopwatch_core from the library.
- Connect the 1/Os of the Stopwatch_core to the |I/Os of the 28-pin MPW pad frame
- Replace each I/0 pad with an input pad or output pad as needed.

| |
| 52 LayEd Pro 2026 - [FULL_STOPWATCH] - O X |
Project Cel Edt View Create Operation Instance Verification Option Window Help -8 X!
DEE &R oChoRAY #AME 88 w05 Gl==
[ Project # X MOD10 FULL_STOPWATCH | 1 b x||Layer x|
= STOPWATCH AllView
=<3 Cells Lt [ ns
O FULL_STOPWATCH Alisel | osel |
& MODI0 "
O MOD6
0 STOPWATCH_CORE
=<3 Libraries

& @ [ 1] C:MyChipStatio
- @ [ 2] C:¥WMyChipStatio
@ @ [ 3] C:¥MyChipStatio

boundary
polyibxt
met1txt
met2txdt
met3txt
I oo I

cap

‘L jLISt 2 Hierarchy diode
| Enable o:disahle hatch pattern 0 i 2180.3, 1948.7 S E LCO N N




6. Design Stopwatch : Layout (bottom-up)

Check the result of Layout Spice Simulation (EXTRACT.1 file under design folder, extracted by MyNetPro)

0 Simulation using netlist
extracted from layout

U Spice Simulation

(LayEdPro->MyNetPro)

oo udoo0o

PADO5 -> CK
PAD06-> CLB
PAD11 -> QA3
PAD12 -> QB0
PAD15 -> QB3
PAD16 -> QCO0
99s -> 1s

[ (Tspice - full_stopwatch.spe

File View Plot Settings Simulation Tocls Window Help

CADHECDPITNERAQRABS

B full_stopwatch,spc ¥ full_stopwatch,spe

¥ full_stopwatch spc

VVDD_VDD VDD VDD DC 0

VGND_GND GND GND DC 0

.tran 0.lms 2000ms

VCLK PADOS 0 5 PULSE(0 S On 10n 10n S5m 10m)
VAl PADO6 O S PWL(On 0 10m 0 1im 5)

VA2 PADO4 0 5 PWL(On 0 10m 0 1im 5)

x = 0.849s y = -0.303V

(©) SELCONN



6. Design Stopwatch : Layout (bottom-up)

Manual (bottom-up) Layout Design Flow Summary
1.Select the Target Fabrication Platform : Choose the semiconductor process (platform) for chip fabrication.
2.Verify the Available Standard Cell Library : Confirm the available standard cells (layout and circuit).
3.Design and Verify the Chip Functionality
1. Implement the chip using standard cells (modular design).
2. Verify the circuit schematic.
4.Create a New Layout Project : Create a project in the Layout Editor using the selected platform.
5.Create Blank Cells and Bind the Library
1. Create a blank cell for each module.
2. Bind the platform-specific library.
6.Design the Layout of Each Module
1. Place the required standard cells.
2. Connect them using metal layers and vias.
7.Perform DRC During Layout Design : Run DRC frequently to detect design rule violations.
8.Design the logic core using designed modules
9.Verify the Logic Core : Perform DRC, ERC, and LVS after completing the logic core.
10.Integrate the 1/0 Pads : Connect the ETRI MPW 1/0O pad frame to the Stopwatch core.

11.Final Verification : Perform the final DRC, ERC, and LVS before tape-out. @ SELCONN



7. Top-down Chip Design Process

Logic Design
Design specification
Architecture design

Logic Synthesis MyCAD : Not Support
RTL(Verilog) to Gate-level Converting
Using Available Standard Cell(Gate)

Functional design
Verification
Verilog file

Timing/Area Optimization
Output->Synthesized Netlist (Verilog file)

Front-end design

Floor Planning & Placing
Floorplanning (Die/I0O/macro)

Standard Cell placement
MyCAD : Manual

A

Routing MyCAD : Manual
—> Global & Detailed Routing ——
Metal Interconnect generation

A

Sign-off

[ MyCAD : Support

Verification
DRC/ERC/LVS

I

MyCAD : Not Support

Clock Tree Synthesis
Clock Tree Construction
Skew/Latency Optimization

Static Timing Analysis
Setup/Hold timing verification

*Major EDA tool< Logic Synthesis £ E| & 1}°d = H|

Ok

Back-end design @ SELCONN
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7. Top-down Chip Design Process — 0OpenROAD & MyChipStationX

OpenROAD + MyCAD: Best Combination
*OpenROAD: Open-source RTL-to-GDS ASIC design automation toolchain
*Focus: Physical design / backend design
sLimitations: Linux-based, script-driven, limited GUI layout editing
*MyChipStationX: Windows-based layout editing, verification, and visualization
*Integration: Seamless connection between Linux-based OpenROAD and Windows-based MyChipStationX

*Result: Automated digital design flow with powerful layout editing capability

n. LayEd Pro 2026 - [FULL_STOPWATCH] = (] X

Vem% [#) project cel Edit wiew Creste Opemtion Instance Verfication Qption Window Help
+ libraries, —> Logic Synthesis Dsien miawinciHexnen a0l o) v e = t"ﬁ[—ﬁ
9’.9'-;.‘; rai I ﬂn]:nSTOPWATCH o smpwnrcn\ Ciees
s o = B sropwatcr
Fioorptanning E '!;.ATOOPWATCH COR
1 E'i_‘iLlh y ChipPrc P
Synthesis & PnR imizati E%E%@Etéﬁ:ﬁ Layout Editin
\ Placement & Optimization y g
CTS/STA Verification
Core Logic Design Add 10 PAD
Mixed Signal Design
| j;-H‘erar;hu

 Ready

OpenROAD MyChipStationX

© SELCONN



7. Top-down Chip Design Process — 0OpenROAD & MyChipStationX

Sign-off
Front-end design OpenROAD is seamlessly integrated in MyChipStationX ‘
Logic Design Logic Synthesis OpenROAD o
Design specification RTL(Verilog) to Gate-level Converting Verification . )
Architecture design ., Using Available Standard Cell(Gate) TC/ERC/L,VS MyChipStationX
Functional design Timing/Area Optimization Txc'!/lo =7t
Verification Output->Synthesized Netlist (Verilog file) Integrate Multiple Modules
Verilog file T
OpenROAD
l Clock Tree Synthesis
Floor Planning & Placing Routing o0penrROAD Clock Tree Construction
Floorplanning (Die/I0/macro) — Global & Detailed Routing — Skew/Latency Optimization
Standard Cell placement Metal Interconnect generation
OpenROAD

4 4 Static Timing Analysis
Setup/Hold timing verification

(©) SELCONN
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7. Top-down Chip Design Process — Setup OpenROAD Environment

W dockerdesktop rersonaL

" < Gordon iners Give feedback @
1. Install WSL (Ubuntu) from Microsoft Store o comanes @ cemenes '
- o mages Container CPU usage Container memory usage Show charts
2. Install Docket Desktop from Microsoft Store o e s Fsie
(Please check Hyper-V is enabled on BIOS) P 1
. = Only running
3. Make an account for Docker and log-in S L
. © Kubernetes O Name Container ID Image  Actions
4. Run Docker Desktop on Windows @ Mol = : T, S [
openroad-My e e mycad/t :
5. Make a Docker container as below to share @ M ToT: D
Logs
C:\MyChipStationX\openroad and /flow/MyCAD I
on OpenROAD

&  Engine running | H RAM 1.48GB CPUO0.12% Disk: 21.51 GB used (limit 1006.85 GB) > O Update version

on Windows Power Shell

PS C:\Users\User> docker run -it --name openroad-MyCAD -v C:\MyChipStationX\openroad:/OpenROAD-
flow-scripts/flow/MyCAD mycad/openroad:v1 bash

Now You Are ready to use MyOpenROAD.exe to use OpenROAD for synthesis and PnR

You need to Run Docker Desktop and openroad-MyCAD must be active @ SELCONN



8. Stopwatch Design (Front-end) - Stopwatch logic design(verilog)

Verllog de5|gn and Simulation Example(Makerchlp solution & ChatGPT)

¥ M E2ENZ (). X BEAE Y X J =oYo g X F4-HEH7IZ X | k8 KStartup B2 X | @ EARY x [ stopwatch tivy X+ (m] X

€ > o (ChEiEeweri ©0w = @5 0 : ChatGPTInput and Makerchip Simulation
-] “* Bookmarks ™ E2BXE - gskim.. [J Wioly - L 3%, © 232 F4 ess o 8BC - Radio 3 - Ho.. s Learning English - € YouTube %y CH=0{43 HolyBible » O SE w02

*Enter the design requirement into ChatGPT:
— * Create a stopwatch in Verilog with:
MACROS GUIDE X 11l /oiacraM | viz | v WAVEFORM .
= ] * 100 Hz clock input
\sv .
endnodule * Enable signal for start/pause control

L SIS LTLIL LS T LSS LIS TIPS A 1T .
* Reset signal

// 1. stopwatch_core : =< RTL (ZX/MEE FI2H =ZH)
) ' * BCD outputs for:

makerhip  PROJECT ~ LEARN<~  IDE
~_

EDITOR |WANAV-TLV

LILELLILILIELLTIELEL LI LTI IS I LTI IS E AL i1 1 7,

58 » module stopwatch ( 815cs_tens P .
input wire clk, soseye_cue ¢ * Two-digit centiseconds
input wire reset, // active high Sofenmn S

input wire enable, /7 1% [P FI2E Zi:::::::‘: T ) g i TWO'dlglt SECOI’\dS
i ol oo il oneddigios. it g . : *Ask ChatGPT to generate a Verilog-TLV version by

output reg [3:8] sec_ones, // seconds 1's digit (6~9)
output reg [3: 8] cs_tens, // centiseconds 18's digit (6~9 H H
output reg [3:8] cs_ones // centiseconds 1's digit (6~9) addlng a TLV header to the Verllog COde'

*Load the generated verilog.tlv file on
www.makerchip.com.

*Run the simulation on the Makerchip website
and verify the stopwatch operation.

// clkE OO 1/166F S22 FHE (186Hz)
// enable = 12/ Hi5 88.86 -> 59.99 FIUG &7, 0/F 08.80°2<% §
always @(posedge clk or posedge reset) begin
if (reset) begin
// EJ(g 60.88
cs_ones <= 4'd@;
cs_tens <= 4'd0;
sec_ones <= 4'd@;
sec_tens <= 4'd8;
end
else if (enable) begin

© SELCONN



8. Stopwatch Design (Top-down) — Configuring Design Source file

1. Make design source folder(stopwatch) under C:\MyChipStationX\openroad\designs\src
2. Copy verilog source file(stopwatch.v) into this new folder.

O

etri500 X +

&« 0 &) Q » designs > etri500 > Search etri500 Q
® New - X © @D N Sort ~ = View - (B Details
Screenshots & Name Date modified Ty;)e Size

aes 6/26/2026 12:30 PM File folder

v [ This PC bcd_counter 6/26/2026 12:30 PM File folder

‘ u . 6/26/2026 12:30 PM File folder

> e Local Disk (C) gcd 6/26/2026 e folder

stopwatch 6/26/2026 3:45 PM File folder

> == New Volume (D:)

> wm MvCAD SC N\DFSKTOP-
4items 1item selected

© SELCONN



8. Stopwatch Design (Top-down) — Configuring Design Source file

1. Create ne folder(stopwatch) under C:\MyChipStationX\openroad\designs\etri500 (you may copy one
of existing folder and rename it).

2. Create or edit config.mk file as below. And change the design name to stopwatch in constraint.sdc
file. - 4

& config.mk ° +

File Edit  View ¥y g & @

#DESIGN_NICKNAME : folder name where the source verilog file and design config.mk is located
export DESIGN_NICKNAME = stopwatch

#PLATFORM : design platform, etris5ee or skyil3ehd

| € 0 &} (J > = desi export PLATFORM = etrisee

| #DESIGN NAME : Name of starting module

‘ export DESIGN_NAME = stopwatch

stopwatch X +

® New

export VERILOG_FILES = $(DESIGN_HOME)/src/$(DESIGN_NICKNAME)/stopwatch.v

= Documents Name #if there are more than one verilog files
| #export VERILOG FILES = $(DESIGN HOME)/src/$(DESIGN NICKNAME)/*.v
P8 Pictures El config | export VERILOG_FILES = $(DESIGN_HOME)/src/$(DESIGN_NICKNAME)/stopwatch.v
n export SDC_FILE = $(DESIGN_HOME)/$(PLATFORM)/$(DESIGN_NICKNAME)/constraint.sdc

L’) Music D constraint.sdc ‘

export CORE_UTILIZATION = 30
i3 videos | export TNS_END_PERCENT = 100

#Allow via on PIN of each cell

Release_mychip
export DETAILED ROUTE_ARGS += -via_in_pin_bottom_layer metl -via_in_pin_top_layer met3

1 avFdPro2027 o
2 items

Ln 18, Col 87 793 characters Plain text 100% Unix (LF) UTF-8

© SELCONN



8. Stopwatch Design (Top-down) — Design flow

1. Design (Verilog) & Scripts (On Windows)

sic X i

]
A

HE 07 ¥ ©

| adbLink e

cygwing4 microwatt

Drivers riseva2i

Finger stopwatch
tiny_rv

Inetpub

MyCAD OpenROAD Launcher

Select Platform etris00

| Select Design stopwatch
]
’ [ Run OpenROAD |

2. Execute OpenROAD

"

4. Final results(GDSII, netlist..) on Windows

etriso0 X e

€« G @ > o etriso0 etrist  Q

inetpub =
Klayout ] stopwatch.cir
MyChipPro | (. stopwatch.gds
MyChipPro2026 stopwatch.log 026 7

L)

2 windows PowerShell x +

.. /Flow/logs/etri5es/stopwatch/base
Elapsed/s Peak Memory/MB shalsum .odb [08:20)
canonicalize [¢] 22 fe60d3595119b88f8aub
26 b13215b1196UF155c¢861
91 971585229e3f3F5820d1
93 ad8726627el187d8dcTUf
91 ad8726627e187dBdcTUF
90 9 eeab f00d33
92 69317c3f5e6925U8e557
91 e727e99805aa387dboud
90 c756d5c28587cT7d952Ue
136 28ea289cdb22068083fcl
110 688f98cU6c219813c6dS
9y e9d1ceflBaadbada
119 4befe9053f1dul03afaf
166 197acfébldbcBe7la50e
430 a8fdcbd869a588353096
92 cf92eBalbeld1f7UdS03
cf92e0al6ebd1f7Ud503
N/A
N/A

loorpla
loorplan_tapcell
_floorplan_pdn
1_place_gp_skip_io
_place_iop

EFNOCONHHOOHODODOD®®

1

2026-86-11 22:24:17
PS C:\MyChipProX\openr

3. OepnROAD Result (Synthesis & PnR)

LayEd Pro 2026 - [stopwatch]

Project Cel Edit View
Project 2 x

O skyl30_1d_sc_hc
0 sky130fd_sc_hc
B skyl30fd_sc.hc
O sky130_fd_sc_hc
O sky130_fd_sc_hc
[ sky130fd_sc_hc
0 sky130_fd_sc_he
O sky130_fd_sc_hc
[ sky130_fd_sc_hc
0 skyl30fdsc.hc
O sky130.fd_sc_hc
O sky130_fd_sc_he
D sky130fd_sc_hc
0 sky130fd_sc_he
O sky130_1d_sc_he
O sky130_fd_sc_hc
[ stopwatch

B VIA_LLIMI_PR.V
O VIALMIM2_PR
0 VIA_M2M3_PR
0 VIA_M3M4_PR
O VIA_via2_3.1600.
O VIA_via3_4_1600.
O VIA_viad_5_1600.
O VIA_via5.6_1600.

g Libraries

Dyust | ¢

Ready

Create

stopwatch ‘

+

= (m] X
Operation Instance Verfication Option Window Help - &X
J*opomAr #4H B ¢eB 9EE %EE
1 b x ||Layer 8 x|
AllView

pad label
pad.pin

5.Editing & Verification on MyChipStationX

© sELCONN



8. Stopwatch Design (Top-down) — Import Result into MyChipStationX

Import result of OpenROAD(at openroad\output\etri500\) into MyChipStationX

| % LayEd Pro 2026

|| @ Mew Project...
]E [Q open Project...
[d €1 Save Project
Close Project
Read-only Project

Backup Project

Shift+F5

e B 2

Cell Operations... B

Bind Library...
Unbind Library
Merge Library
Merge Library with Selected Celk...

ERE W

g Make Hierarchy Fie...

Import CIF/DXF/GDSLL..

£ Export CIF/DXF/GDSIL...

1 C:MyChipStationX'W'...\¥STOPWATCHWSTOPWATCH.prj

2 C:WMyChipStationX¥¥...WLayoutWINVERTER.PR)

3 C:¥MyChipStationX¥...Wstopwatch_etrivstopwatch.prj

4 C:¥MyChipProX#... WSTOPWATCHWSTOPWATCH.prj

S C:¥WMyChipProX#'...%nnd4b_conv2%cnndb_conv2.prj

6 C:MyChipProXi'..."MPW_PAD_28pin_Seloco'MPW_PAD_28pin.prj
7 C:WMyChipProXw'...¥LayoutWINVERTER.PR]

8 C:WMyChipProX#...\WmpWcnndb_mp.prj

[0 Ext

. [ List | ot Hierarchy |

Erojecti Cel Edit View Create Operation Instance Verfication Option Window Help
AW EIPBE B

Import CIF/DXF/GDSII X

File :
[hipStationXHopenmadﬂoutputﬂletriSl][Iﬂstopwatch.gds Browsel

Technology File :
[I.5um_CMOS_ZP3M_SV_MyCAD_TEC_etri_impurt.TEC Browsel

Output Project File
[I#MychipStatiunXﬂwormstopwatch_etriﬂstopwatch.prj Browsel

 CIF ¢ DXF

¥ Run Immediately Input Format
[ Use a default techfile ’V & GDsIl

0K Cancel |

Import CIF/GDSII stream into MyChip Station

o

ll49.2, 54

[[wom] 4

(©) SELCONN
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8. Stopwatch Design (Top-down) - verification of layout(DRC/ERC)

DRC/ERC the Synthesized/PnR by OpenROAD on ETRI MPW platform, Fix Errors

Project Cel Edt View
IDEH &R & 4@
| Project aXx

= % stopwatch
=-£3 Cells
O AD2
0 A022
O AD32
Oy BUF
O BUF4x
O FD
0 filler1
- [ filler2
0O fillerd
Oy INVT
O MUX2
O ND2
- [ ND3
O NR2
O NR3
O OR2
O OR3
[ stopwatch
O tap
&} \:'IA VIAT

0 VIA_VIa2
O XN2
0 X02

(2 Libraries

D VIA_vial_2.2000.2000. &
|

| [ List | ¢ Hierarchy

|[Ready

Create Operation Instance Verfication Option Window Help - B X|
e @eonoTAr XAY B S0 wOE wEE
stopwatchl 1 b x ||Layer ax
e vH o e AllView
’ 7 o Allsel
,,,,,, A ™
L] —
| &= MyDRC Pro 2026 -
n Project |mun workWstopwatch _striWstopwatch, prj
Cell [STOPWATCH K|
Fule [CHMYCHIPS TATIONXWOAT AWPLATFORM | Close |
Log Save
& Mot Save " Save Log

WRITE THE VERIFICATION GDSII FILE

WRITE THE 'RESULT.GDS' FILE TO RECORD THE VERIFICATION GDSII
CLOSE THE VERIFICATION ERROR FILE

CLOSE THE ‘DRC’ FILE TO RECORD THE VERIFICATION ERRORS
CLOSE THE VERIFICATION REPORT FILE

CLOSE THE 'DRC’ FILE TO RECORD THE VERIFICATION REPORT

=: | . TOTAL ERROR(S) : DISPLAY[ 0]/QUTPUTL 0] »

saxraasarsannas EXECUTION TIME sovnavnsnnsnsss

START EXECUTION TIME : 21:27:42
END EXECUTION TIME : 21:28:01

1 |79.5, 148.6

*Warning
If there is DRC error,
you need to fix it manually.

Before checking ERC,

you need to add VDD and
GND label correctly

to avoid ‘no power connected’
error.

© SELCONN



8. Stopwatch Design (Top-down) - verification of layout(LVS check)

(CDL - Verilog - Flatten - MOS Extract - Net Rename - Reduce - Compare = LVS Clean)

Project Cel Edit View Create Operation Instance Verffiation Option Window Help -8
3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k %k >k 3k 3k %k >k 5k 3k %k %k 3k 3k 3k %k %k ok %k %k kok sk k kokkkkk _ .
DEH SR 4@ 2 @eonoaay “4Y B o5 wO0E wEE
*** REDUCE (LAYOUT) SUMMARY REPORT [Project 2 X[ stopwatch I 1 b x| [Layer
st ok sk ok ok ok s ok ok ok ok sk ok ok ok ok ok ok sk ok ok ok sk ok ok ok sk ok ok ok sk ok ok ok sk ok ok ok ok =@ stopwatch ; . ; PPl s AllView
= 23 Cell

---------- TOTAL LAYOUT DEVICES ---------- | T95 A /E_[j
MOS  :852 D -1
---------- REDUCED LAYOUT DEVICES --------- | g QSEZ £ i

. L ule and Discrepancy ode
mes ) 1;16 3’ El?erl Fule [A-CMOS_2P3M_5V_MVCAD _ERC_ETHLAUL o

: D filler2 Disc, 7]

NAND :35 = m{# ! EEEA

. ) 2 Layout or Schematic]
NOR 25 | g wggz Project |mr=u Wworkd stopwatch_etriWstopwatch, prj \:l 2
AOI2 :3 B N3 Tyoe [SPICE =] cell [Siopwaten =]

O NR3 Schematic or Schematic2
ok o ok oK o ok oK o oK o ok K ok oK oK oK ok ok K koK koK ok K Rk ok kK R K 3 g{gﬁwamh Schematic  [HopenraadWoutpUtEt 500w stopwatch.ci
*** REDUCE (SCHEMATIC) SUMMARY REPORT [ D tap Type [EPICE =] Cell | =] E
s sk sk sk ok ok ok sk ok sk ok sk ok sk ok ok ok sk ok ok ok sk ok ok ok sk ok ok ok ok ok ok ok sk ok o ok o] VlA-VW
O VIA_vial_2_2000_4400 NUMBER OF MATCHED LAYOUT DEWVICES = 430
--------- TOTAL SCHEMATIC DEVICES --------- i X:\JAZ-V'AZ wrnnmranes LYS DISCREPANCY SUMMAHV AU
MOS - 852 & X02 NUMBER OF DISCREPANCIES 0
a Libraries

""""" REDUCED SCHEMATIC DEVICES —--—- NUMBER OF UN-MATCHED SCHEMATIC DEVICES = 0 s
MOS 2176 NUMB R OF 'MATCH AVOUT DEW

. NUMBER OF DISC ,,,,,,,,,,
INV 191 NUMBER OF UN-MATCHED AND DISCREPANCIES = 0
NAND :35
NOR :25 [
AOI2 :3 | T |

j List ,‘g Hierarchy
\Ready 1 202, 105 NUM| 4

No Mismatches in LVS @ SELC_QNN

100% logic matches



8. Stopwatch Design (Top-down) — MPW chip layout on MyChipStationX

Verilog - OpenROAD(Yosis, Openroad, klayout) = Synthsis/Placement/Routing = Import on MyChipStationX ->
MyChipStationX(10/PAD + Stopwatch_core) -> MyChipStationX(DRC, ERC, LVS) -> Tapeout

Synthesized stopwatch core in OpenROAD M d with 10/PAD in MvChinStationX
Edited and Verified on MyChipStationX erged with 10/ in MyChipstation @ SELCONN



Thank You!



