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Outline

Project overview

Initial design target
> Circuit design
> Simulation results

Design methodology
> Digital on top flow using open-source tools
> Al-assisted design with human in the loop

Project status




Why Open Source?

Proprietary PDK e.g. IRSX,250 nm Open PDK and open tools GFisomcu
NDA: needed even inside one Share: whole design public, Apache 2.0
collaboration Review: anyone can check every file

Queue: small academic orders wait Cost: = $6k per design on a shuttle

Cost: each iteration is expensive Port: same flow on newer open nodes
Closed: design files cannot be published

Goal: a waveform-sampling ASIC anyone can read, rebuild and modify

Open PDK also allows Al tools in the flow, used as a tool under human review
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Approach and Staged Plan

Open process Low-cost shuttle Public repository
GF180MCU open PDK wafer.space github.com/sykeisuke/asic_rd
180 nm, 3.3V, MIM caps = $6k > ~1,000 dies, Apache 2.0, open to all

chip-on-board

Nightly build: full chip rebuilt from scratch, DRC + LVS, ~30 min - always ready to submit

Staged plan

Tape-out1l Tape-out 2 IRSX class

flow-flush design more cells and channels 32,768 cells, 12 bit
1 channel X 4 cells, 8 bit, smaller comparator many channels
20 MSa/s
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Sequencer
Gray — binary,
serial out
8-bit Gray counter

sampling instant
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Tape-out 1: Spec vs IRSX

IRSX (reference) Tape-out 1 (this work)
Process/supply - GF180MCU, 3.3 V devices
Channels x cells 32 768 cells (16 x 32 x 64) 1x4
Hold capacitor 14 fF 54.5 fF MIM (5 um % 5 um)
Sampling top-plate, 2.2 GSa/s bottom-plate, 20 MSa/s (50 ns)
Analog bandwidth 500 MHz >10 MHz measurement target
ADC 12-bit Wilkinson 8-bit Wilkinson, 0.5-2.0 V (5.86 mV LSB)
Clock / conversion = 20 MHz clock / 256 counts =12.8 us
Noise target - 0.25 LSB rms (ENOB>7)
Static power (sim., AVDD) = 755 pW
Readout 4 x 8-bit Gray capture, serial
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Sampling Unit Cell: Top vs Bottom Plate Sampling

Top-plate sampling (IRSX) Bottom-plate sampling (this work)
S So
Vino o _T_ - VINO—o/o— Cs
Cu top] |, bot

+ ._Il -
Vrampo—o" o—1 S0
VPED S, l (L_"'
Vramp

Vuimp Vmip
S opens on Vjy: So’ opens first, always at Vyp:
charge injection depends constant injection = one offset per cell
on the signal trips at Vraypr = Vin — Veep/a

r
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Sampling Unit Cell: Bottom Plate Sampling

So

Vino—o o

top bot So

S ’ S]
VRAMI’O—O/ o—- 0

+
S, (E

Vi Vi

So and Sp’ closed: Vipp =Vin, Vior=Vup

Cs follows the input

4 Convert

<—><—>

5ns 5ns
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Sampling Unit Cell: Bottom Plate Sampling

1 Track m 3 Isolate 4 Convert

Opor frozen

So’

Vino

)
¢
D

top bot So

’ Sl

VrRAMPO—0" So
© + «><>
S l g 5ns 5ns

Vump  Vump

Sy opens = sampling instant: Q)= Cs (Vyyp = Vi) + Cparasitic Vip + Qped

0,.q4: charge injected by S,; later changes in V) cannot alter O,

Z



Sampling Unit Cell: Bottom Plate Sampling

1 Track 2 Sample m 4 Convert

So
Opor frozen

V[No—o/ o— So’

Cs
top bot So

| |
‘el
’ Sl
VrRAMPO—0" So
© + <><>
S l g 5ns 5ns

Vump  Vump

S, opens: the top plate leaves V; O, stays frozen on the bottom plate

both plates float; the charge cannot leave the bottom plate
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Sampling Unit Cell: Bottom Plate Sampling

1 Track 2 Sample 3 Isolate
So
Vivo—o o Cs i
top ' bot So
el -
/ S
VramMPo—o o S0 |
+ <><>
S l [ 5ns 5ns

Vi Vuip

S closes, the ramp drives the top plate: Qy,;; = Cs (Vs = Virarp) T Coarasitic Vior
Charge conservation atbot, O,.,; = Qi = Vier = Vaur + Veep T & Veaar — Vin)
where a= CS / (CS + Cparasitic)’ VPED = Qped / (CS + Cparasitic)

comparator trips at Vi 0 = Viv — Vpgp/a, the same offset for every input 2 (
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Sampling Phases: Timing Diagram

cell k trips when Vgapyp crosses its held Viy x

2.0 cell 1

- L51Vy
1.0

0.5 P céell?)? - -
CLK2OMHZ| | | | | | | | | | | | | | | 1 count per clock

RAMP_RST ] ramp and count start

cell 2
gcell 0 |

------ ;  Vramrp

Qo code 79
Q1 code 235|

0)) code 157

Qs code 17
~100 0 100 200 00 2.5 5.0 7.5 100 125

i—Tso (ns) (—Tr (us) |




Comparator

AVpp
Vip 11/0.28 %
b a0 30 sr—dC
bot
VD TR D D
Ieyp 3.25 }JA D H
[ [ —0
Dour
J——C C C
AV 0.5/0.36
SS
PMOS 5T OTA starved output
inverter inverter

Spec Simulated (135 PVT)
< 125ns
- <
Delay (1/4 LSB) <11l.6ns
. 0.036 LSB
<
Noise < 0.08LSB \acasK Transient)
Gain > 60 dB > 89 dB
O'(Vos) - 21LSB
Power - 110 uww
Area — 39.4 um?




VACASK Noise Sim: Ramp + Unit Cell

all 576 conversions

. . ns
48 conversions of one input -20 0 20

code 17: 58 %

a 2.5
N = code 18: 42 %
g 00 — 6=0.083LSB
S : --- budget, c = 0.25 LSB
= 25 ‘next edge s
>
<27
S
S
0 4
2 code 17 code 18 PUENY
= (30 of 48) (18 of 48) .
=01, : : : — "T’/ : e
—-40 -20 0 20 40 60 -0.5 0.0 0.5

time from the clock edge (ns); 1 LSB =50 ns decision — clock edge (LSB)




Reference, Ramp, and Bias Design

AVpp
Ver o 0.5V @ Prst I 0.49 pA
rLO V.
_T_ o ~ Vramp — 4 cells
28 RM§ T 3.5 pF = Cr 4 pF
5R, =
L Shunt Regulator
AVpp
L 4 X Icyp 325pA
204 k€2
Vopl2 Vmip Bias Iramp 3.25uA
— So’, comparator (+) — Iy 11.2 pA
204 kQ L. Irio 1.5 uA

Class AB Flipped Voltage Follower

Constant — g,, Bias Generator
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An Al-Assisted Design with Human in the Loop

Open source

request Designer cvidence makes it possible

human in the loop

v Open PDK
' I ' I ( N
& Claude Code Open-source EDA Z] Checks
plans, writes, runs ngspice - VACASK PASS / FAIL line / Free, scriptable tools
fixes on its own xschem - KLayout metrics per run
guardrails: Yosys - OpenROAD no result without v Text sources mn git
| PDK, spec locked ) | gdsfactory ) | arunrecord )

FAIL — fix and re-run v Pinned container

approve
v Two open simulators

Nightly build fresh GDS
RTL — GDS - DRC - LVS - STA, every night every day v Open shuttle template
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Digital on Top Flow

Digital
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pad ring + seal from the template

wafer.space template
pad ring, slot size, pad order

Y

chip_top.sv

digital top + analog macros wired

y

macros.py
analog GDS — hard macro (LEF, pins)

i
LibreLane: Yosys + OpenROAD

synthesis, placement, routing

y

analog_routes.tcl
the 5 analog pad-to-macro wires

(]

Sign-off
DRC - LVS - antenna - density - XOR




< 3.93 mm > 72 pads
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Top View of Current Chip




Progress So Far

Specification Pre-layout sim Layout DRC/LVS
frozen all blocks macro typical;
+macro PVT/MC per block
PEX + post-layout  Top integration Padring /[ COB GDS submission Silicon test
flow demo, wafer.space tentative
0 DRC errors Run 4 Q22027
B done (run artifact) partial / demo open ~12 weeks to clean GDS

Open-source tools: xschem * ngspice * VACASK - KLayout - Yosys - OpenROAD - LibreLane * gdsfactory #
~ 4



Summary

Chip design, open to anyone: no NDA, no license fees, no gatekeepers

74 @ ®

Limitless scope Al-assisted design Global collaboration
Open-source EDA tools Al-friendly open tools No NDA: anyone can join
Public repository Agents do the rigorous tasks Every file open to review
Agile, software-like flow Humans verify and guide Ports to newer open nodes

github.com/sykeisuke/asic_rd
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Hold Capacitor Choice

comparator +
switches

MOM 15.6 {F

+126 um?

(M1-M4, beside)

cell 753 um?

k'T/C noise 0.088 LSB

chosen

MIM

comparator +
switches

MIM 54.5 {F

(M4/M5, on top)

cell 627 ym?
kT/C noise 0.047 LSB

MIM

switches

comparator +

MIM 125 {F

(M4/M3, on top)

cell 614 ym?
kT/C noise 0.031 LSB
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Cap vs kt/C noise: Verified with VACASK Tran noise sim

1000 - ég;Fo P — —— sqrt(kT/C) at 27 C (the formula in the kT/C figure)
O uv sim 47U
VACASK transient noise, R = 1 k
.-.... VACASK transient noise, R = 10 k
m
£
300 -
2 ]
= 12.1 fF
4} 585.0 uV sim /585.9 uV kT/C MIM floor
.g 54.5 fF
c 275.2 uV sim/ 275.7 uVv kT/C
go]
4 100 -
o
&
©
wn
1 pF )
64.7 uV sim / 64.4 uV kT/C
30 - 2 pF
45.4 uV sim / 45.5 uV kT/C
1 1 1 1 1 1 1 1
10 20 50 100 200 500 1000 2000

hold capacitance (fF)




Bott

S0 (s0)
A (a)

S_A (node-A reset)
SO (input)
S1 (ramp to bottom plate)

ramp reset

(vl :.,_O/c

V_BL
CS=545fF

51 (s1)

S_RST

V_RO (v10) gy

node B = bottom plate (V)

{vbl) g

RISING ramp (characterised Tape-out 1 design)
Slon,

idle

track  hold ramp reset conversion: Gray counter runs

S_A opens first = sampling instant; SO opens 1 ns later

V_R1 =2.249V

€, both bottem plates = ramp

V_RO = 0.517 V (ramp start)

201

V_IN 0.8 V: flips at V_BL
4.04 us, code 72

V_BL = 1.845 V (comparator 'nn,ﬁ‘

104

node A = top plate = comparator inp (V)

051

V_RST = 1.737V = V_|

V_IN 1.7 v: flips at V_BL 154
11.72 us, code 226
1.0
T
51 closes: node A jumps down by alpha x (V_RO - V_IN), 054
then the ramp sweeps it back through V_BL
0.0

dout (V_IN 0.8)

dout (V_IN 1.7)

dout rises 81 ns after node A crosses V_BL (same for every input)

—

20ns  40ns 300 ns 500 ns 10 us

time (piecewise scale; the grey verticals are scale breaks)

5us 15 us

om-plate sampling: Working and ramp

S_A (node-A reset)
S0 (input)
S1 (ramp to bottom plate)

ramp reset

FALLING ramp (same cell mirrored: derived, not simulated)
S1on,

idle

1

track

hold ramp reset

conversion: Gray counter runs

S_A opens first = sampling instant; S0 opens 1 ns later

251

2.0

151

1.04

node B = bottom plate (V)

0.5 1

V_RO = 1.983 V (ramp start)

-117.2 mV/us; both bottom Phatgs = ramp

V_R1=0.251V

0.0
354

51 closes: node A jumps up by alpha x (V_RO - V_IN),
then the ramp sweeps it back through V_BL

V_IN 0.8 V: flips at v
11.72 us. code 226

e

node A = top plate = comparator inp (V)

V_BL = 1,845 V (comparator in

P‘(d)

V_IN 1.7 V: flipe at V_BL
4.04 us, code 72

dout (V_IN 0.8)

dout (V_IN 1.7)

dout falls 81 ns after node A crosses V_BL (same for every input)

20ns  40ns

300 ns 500 ns 5us 10 us 15 us

time (piecewise scale; the grey verticals are scale breaks)




Digital Design

5 K
:in each cell (std-cell FF) 1
] |
! I
! 0 = 1
1 k I 1
Dourxo—} D Q I
I clk capture reg. k ! 2-FF sync 4 % 8 bit SDO
) CE" g 1 Y] . ) g
! > (Gray word) T Gray — binary shift register [ 32 bit
1
] I
! I
b I
1
. s :
! 1
! I
! I
! I
CLKCVT ! 5 |
] | i EE .
20 MHZ0—e 8-bit Gray counter (1) :
1
! |
e e e e e ]
count moves on T, capture on |: the Gray word is half a period from any change
CLKcnr
count 15 16 17 18
Dour.o comparator decides
Qo captures 17
760 780 800 820 840 860 880 900 920

t—Tg (ns), cell 0




Analog Top

10 um straps from bidir]45] / bidir]44]; Metala'S PDN keep-out over the whole macro (MIMs use Ma/MS)

AVSS (outer) / AVDD (inner) ring, 8 um

bias_gen_v2r
221.6 x 26.2 um
Zrows, 2x 1 pF MIM over

TEST (reserved)
270 44O
CONPTEST @UT Griver
AMON Folicwer « a3 mius

EXT/RAMP. TG mux

EXT_RAMP
e i2]

vrlo_ref
5% 453 um
3.47 + 1.02 pF MIM over

ramp_simple_d
48.4x 48.4um
4 pF MIM over
midref_v2
31.1 % 30.7 um
div + VREF + VBL buffers

AVDD decap
27.6 x.48.4 um
MOS caps on-AVDD

s chennel 14.60m
7

AVDD decap
1217 %168 um
MOS céps on AVDD'+ subatate iaps

130.05 um

1

1o/ from asic_dig
(DVDD/DVSS




Chip Top

DVDD DVDD

DVSS | — I 72 pads
[P_O - VIN

signal input

EXT_RAMP - AMON - CMP_OUT

analog test

AVDD - AVSS

So’, So, S1, RAMP_RST

< 0003 analog supply, own straps

BN
[
- CLK - RST_N - IN0-IN3 - I00-I043
]
[

digital

DVDD - DVSS
/O ring supply

VDD - VSS

core supply

|
>

4

X o
4

4

J

4

4

4
—
4
J
4
d
4
4
4

00
DVSS
DVDD

O

O

O

O

O

O
DVSS
DVDD

O

O




Comparator Sizing Choice

Delay from the static trip against power

30 ~

25 4

20 A

delay [ns]
-
w

| _l/4 count = 12.5 ns

meets all but the delay (calibrated model)
feasible (calibrated model)

ngspice, front points
selected f003

10 A

Ap

Fa,

0
4x10*

6x10*

T - )
107 2 x10? 3x10?
power, worst static state [uw]

device footprint [um”™2]

3 x 107

2x10?

102 -

6x 10t

4x 10!

3x 10t

feasible, tables (all sigma)
front, sigma <= 2.5 LSB
front, sigma <= 2 LSB.
front, sigma <= any LSB
ngspice: meets every gate
ngspice: fails

o}
X
* selected f003

(0]

°®

102 2 % 10?
power, worst static state [uW]

3x10?
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