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180 Attendees!! Record attendance
among all workshops at VLSI Symposium

Open Source PDKs and EDAs, Community Expe

Organizer : Makoto lkeda (The University of Tokyo)a
Mehdi Saligane (University of Michigan)

Since its launch in 2020, the Open MPW shuttle program has received over 500
to designers' experiences, including measured results, foundry perspectives, an

About Makoto lkeda B
Makoto lkeda received his BE, ME, and Ph.D. degrees all in EE department of g

d.lab, the University of Tokyo. This workshop is co-organized with Dr. Mehdi S

| 1. Design experience: “The Journey of Two Novice LS| Enthusiasts: T
Communications and Yuki Azuma, University of Tsukuba

| 2. From Zero to 1000 Open Source Custom Designs in Two Years, Mg
| 3. The SKY130 Open Source PDK: Building an Open Source Innovati€

| 4. Open Source Chip Design on GF180MCU - A foundry perspective, Karthik Chandrasekaran,
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« XFILEDA
« FIRHITT 4 R
e Xschem
e Ial—X
* ngspice
c LAT T FIT 4 X
« KLayout

MOSFET Capacitor
MP.sym CSIO.sym

3 02 Teso s
A=, T

MN.sym

|F MN_XM2
, w=3.4u

MODEL (fixme!)

TR10_MODELS

Resistor
RR.sym

== RR R1
RR _,::-::7_

1 ]
—‘J:l'.-'_f.ll

DN.sym

| 3
N l
DN D2
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: IP62_5_stdcell

Cell A
B
B
B
B
B
B
7 |BUF_X8
BUF_X12
BUF_X16
CLKBUF_X1
_X2 |7OvaNwIJr
CLKBUF_X4
CLKBUF_X8
CLKBUF_X1
CLKBUF_X1

n,
\/
o
EE
o
[
\/

# | B um] MP L[um] |MN W[um]
55.0 1 | 34 |
55.0 | 34 |
55.0 | 34 |
55.0 | 34 |
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MMELEIS
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xschem - inverter_tb.sch

|
File Edit Options View Properties Layers Tools Symbol Highlight Simulation Help - [Netlist Simulate Waves
+E b =

mE . AXDOx B 35+ 70D | -0AN0Q N7

title_TR10.sch|inverter.sch |inverter tb.sch| +

TR10_MODELS

spice

.option savecurrent

.control
save all

xschem
2%
< — 7P

* DC analysis (I/0 curve)
dc vin 0 5.0 0.01
plot vout vin

plot i(vd)
wrdata ~/inverter tb.txt v(vout)

write inverter_tb.raw
.endc

measure

.measure dc Vinv when v(vout)=2.5

Stretch: 0 mouse = -240 -440 - selected: 0 path: .

MODE: spice
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ngspice . > < —

xschem - inverter_tb.sch

* Edit Options View Properties Layers Tools Symbol Highlight Simulation Help - - Simulate Waves

I -04N0Q. "

Boe+XxDiOx B $54 /0 D=

2 TR10.sch|inverter.sch |inverter_tb.sch| +

0 inverter_tb.spice" -a || sh
Circuits ** sch_path: fhowe/ishikai/openrulelunpdk_setupedars:
O/ inverter_th, sch

Toing analysis at TEHP = 27.000000 and TNOH = 27000000

Using SPARSE 1,3 as Direct Linear Solver

TR1 _M ODELS Checking paransters for BSIH 3,3 nodel mos_nst.

Warnings Pd = 0 iz less than U,
Warning: Ps = 0 is less than U.

Checking parancters for BSIN 3,3 nodsl pnos_nst
Warningz Fd = 0 1s less than U,
Uarning; Ps = 0 is less than Ui,
Mo. of Data Rous @ GO

Heasurenents For IC Analysis

viny = 1,87276er00

binary rau file "inverter_th.rau"

« AJJA=0V —HAHQ=5.0V
P ABA=50V=iiQ =0V  P—C— | E——
s A N—=RELTHEBELTWS

2.0

2.0
v-sweep V

v-sweep

Stretch: 0 mouse = -220 20 - selected: 0 path: .

GRID:[2 spice



| xschem - inverter_tb_trans.sch N =1/E3|
File Edit Options View Properties Layers Tools Symbol Highlight Simulation Help Netlist Simulate Waves
BIeAXDiOx B 852 20D —0EYOQ A" +E > B

title_TR10.sch |inverter.sch |inverter_tb.sch |inverter_tb_trans.sch

ngspice -
8 AT

N F
< — 7P

TR10_MODELS spice
.option savecurrent
.control
save all

* Tran analysis

tran 0.1n 100n

plot vout vin

plot i(vd)

wrdata ~/inverter tb_tran.txt v(vout)
write inverter tb trans.raw

.endc

measure

.measure tran td_r trig v(vin) val=2.5 fall=1l targ v(vout) val=2.5 rise=1
.measure tran td_f trig v(vin) val=2.5 rise=1 targ v(vout) val=2.5 fall=1l
.measure tran trise trig v(vout) val=0.83 rise=1 targ v(vout) val=4.17 rise=1
.measure tran tfall trig v(vout) val=4.17 fall=1 targ v(vout) val=0.83 fall=1l

vl 00 10n 0 20N 5.0 €0n 5.0 70n 0

MODE: spice Stretch: 0 mouse = -250 -410 - selected: 0 path: .
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File Edit View Bookmarks Display Tools Macros Help

@ o R $ oL B[R T4 I @

Back Select Move Ruler Add Polygon Box Text Path Instance Partial P62

1P62.1P62_Ba:
IP62_Ba:
62_Ba:

Levels

Libraries

Basic - Basic layout objects

ROUND_POL:

T IP62 G

KLayout 0.30.3 - inverter.gds [TOP]

[Z5] PoLISG)

CNT(CONT)
ML1(M1)

i

NF
PF

PBE

NBE

HPM
Narea(PSD)
Parea(NSD)

s DLWLMP
i DLWLMN

b AR IS

Layer Toolbox

xy -32.59160 -24.36536

Klayout -
A N —
A] P&




Ml Klayout @ P-CelldfE L5

KLayout 0.30.3 - [+] new [TOP] =Bl
Wiew Bookmarks Display Tools Macros Help
R o L B.E T JET
Select Mowe Ruler Add  Folygon Box Text Path nce  Partial  IP62
X | Layers %

[+] new [TOP

v ala

Layer Toolbox %

Era—
TIE—

xy -1.50178 057177




| Klayout @ P-CelldfsE N7

Instancez 7 U v
7

1,

KLayout 0.30.3 - [+] new [TOP] —o]x

Ele Edit Yiow gookmarks Display Iools Macras e

4 N oL L@

Select Move Ruler M Polygon Bk Tt Pa

3, BYTOPcellm%
BZAAT S

I+ new [ToR]

Show all cells

Aoeation | Scaling

Scaing facter 1 imaguification)

**ee

Rotation angle 0 jegree
Mirar 3t X-axis betare rotation) Layes Toibox

Array Instance

163000 -0.44500
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3 [HvNW| 141 141 = I HVNW (EBENW) /P-subBOEINS
4 L 3 3 B o0 | o | o | ® | @ (LOCOS/05—>FRE (BFHEE)
5 NF 25 25 2 El ° o | e ETEDP+BRAL (NMOSHRE)
6 | PF 26 26 8 |e ] . EFERIN+BRA (PMOSERS)
7 | cL | 143 143 B ] [ CSIO T EEERA
8 | HPBE | 144 144 =] 3}5 3;5 HVPMOSLZWVEERZHAZE
9 | HNBE| 145 145 =] HVNMOSL & MEEERE
10 | PBE | 146 | 146 2 |e AN | 4 PMOSLAVVEREHE
11 | NBE 147 147 = ° NMOSLEMEBEZEE
12 | HPM | 33 33 E |e|e 3 (o | Bl [o| | @ | e |FvemosiomsriEs @REn) wa
13 | RHP | 148 148 B ]| RHEMF/AL
14 | sG 8 8 [] o o e | oo CMOS,HVCMOSY — MNZAL., CSIO ESBIE/A
15 PM 35 35 = e | e B o | e | ® | e |PMOSLDDFHL
16 | NM 7 7 2 |e e e | e | e | ® | ® [NMOS LDDRIR
17| IR 12 12 B B RRIEFFIAL,
18 | PSD 9 9 -] e | | ® | o | o | @ | ® |PMOS/HVPMOSY—2R, FLAFAL
19 | NSD 28 28 2 oo ® o | ® | ® |[NMOS/HVNMOSY—Z, FLA /AL
20 [CONT| 11 11 =] I MR
21 | m1 13 13 Es . 5 X5\ 1BERR
22 § [ o 19 19 =] FATORF TR X9I1-29).2 L —i—)LIERE,
23 [ m2 20 20 2 25 2BERE
FEIRF
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Gate Ox [19.5nm)
5G paly Si

T E IS
PRAOS MO
SERO S e te Ox (19.5nm)
“““““ ) NA(n-) R V]
=
Psub Psub
DP
RRAEFT (PIEHT)

PSDIP+1
HYAIW -]

Psub

Psub

DN
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xKI1-2-2. BREE

= A BVDS BVGS — B
5VNMOS 8V 15V — -

5VPMOS -8V -15V — —
HVYNMOS

HVPMOS L

F=F& V (ifFR3) V (B-igF(TER)) V (B-PJ1)l) EES

E:HV IE/\R

RR 27V 27V 100V p-diff, R
EEHV NG

T4 Imax — - fmZ

RS 10mA - — Poly-Si K31
T4 V (LB - TEPEE) V(TBFEE-P J1)l) - GBS

C 15V 50V — —

T4 Vr — - fmZ

DP 10V — — -

DN 13V — — -




=R

2. FFEHE
2. 1 m=FUAH
£1-2-1. EFUZAL #=1-2-3. MOS hoo 2945
EFE L(um) W(um) Spice Model £ | PCELL £ il =) = PMOS h5>24 NMOS r5>24 SBIERM
5VPMOS 1~30um 3.4~60um PMOS MP MP MPO MN MNO (Ta=25°C)
5VNMOS 1~30um 3.4~60um NMOS MN %1 -
PO # | RLA>-Y—ZRZEE VDS [V] |-5.75 5.75 -
HVNMOS SENBS £ 5-hY-2HEEE VGS [V] +5.75 +5.75 -
RH Rl 8 | V-2 JULUEEE | VSB[V] | -5.75 5.75 -
RHHV 5| L1 )UWRSEE | VDB[V] |-5.75 5.75 -
RR 13~100um | 2.8.4.6.12.20um | F_RR | RR p-diff, PR %3 2 s RLOMEE | VGD [V] | -5.75 5.75 _
E | #—hJULIREE | VGB [V +5.75 +5.75 -
RN NG - IHE W NG NG
N = | SMELEVERE VTHO [V] | -0.93 0.85 -
RS 20~100um | 4. 6. 12, 20um F RS RS Poly-Si & %3 ]| LEVEE VTH [V] |-0.55 0.55 Pch:Vds = -5V
C 28.5~120um | 28.5~120um m_CSIO CSIO D) Nch:Vds = 5V
AA-KP) | - - DP DP YAREE 5 | BO mA/V? -0.3 1.1 W/L=12.5/1.0
HS4A-K(N) | - - DN DN S ZEE e e \ ~
(o — MR8 | ’7 Mf/ffg Ciss [pF] | TBD TBD
IEAEIBEANZ TERLRNCE RAVESES Cd [pF] | TBD TBD -
ESD - - - - TBD XENMERIDRE -+ Tj -40°C~150C




=1-2-11. 4A=R

Vr

DP 1.E+00 PMOS @ BVds &8
— 1.E-03
<
= 1E-06
1.E-09
1.E-12
0.3
DN HY—R(PW)(E OV LI £ NMOS 0 BVds £

V4 IEEREAVE

[2. 6 ZEFOI-VH-J] BIEERE Ta = 25C
FI1-2-7. CMOS h5YTR4
PMOS (L=1.0um, W=30.0um) NMOS (L=1.0um, W=30.0um)
Id Vgs 40E03 £ . &y 9.0E-03 { . =g
-3.5E-03 f ) 8.0E-03 | sim
-3.0E-03 H =Im 7.0E-03
-2.5E-03 E /4 6.0E-03 |
T -2.06-03 L pd = 5-0E-03
o -1.56-03 F A o 40E03
T oR03 i = 3.0E-03
TR 2~ Vds= -5V 2.0E-03
-5.0E-04 ¢ 1.0E-03
E e .0E-
0.0E+00 S 0.0E+00
- 2 -3
Id Vds -6.0E-03 |
; 1.2E-02
-5.0E-03 |
; 1.0E-02
-4.0E-03 8 0E-03
X -3.0803 | < 6.0-03
2 -2.0E-03 | S 4.0e-03
-1.0E-03 | 2.0E-03
0.0E+00 4 0.0E+00
0 1 -2 -3 -4 -5 -6 0 1 2 3 4 5 & 7
VDS [V] VDS [V]
BVds 1.0E-03 1.8-03 %) L=1.0, W=6.0um 0§58
z 1.0E-06 S— : 1.E-06 ]
) =) .
3 1.0E-09 . 2 1E09 =
% ‘m - ® o 92 o
R L o smusaie g3 M‘@W
1.0E-12 . . s 1.E-12 12 C TeT
0 2 4 6 8 10 0 5 10 15
VDS [ V] VDS[V]




Cap

L=37.1um
W=37.1um

& (pF)

0.87

0.86

0.85

0.84

0.83

] o KA

— SmM

NINND ,T.)li;',“f,i-lﬁ):ﬂ__

"'HTET-TTIT}XTLZ;‘_«-

I I T )

5 -4 -3 -2

_1 0 1

J A7 2BE(V)

RR 3 : A L
-5.0E-03 L 10.0 ¢ £
9.0 £ sim |
-4.0E-03 8.0 | |
L=20.0um - -3.0E-03 _ Z,g ‘
— = g 60 ¢ ‘
W=2.8um = 2.0E-03 £ 5o |
4.0 ¢
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