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Outline
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▪ Project overview

▪ Initial design target

› Circuit design

› Simulation results

▪ Design methodology

› Digital on top flow using open-source tools

› AI-assisted design with human in the loop

▪ Project status



Why Open Source?
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Proprietary PDK   e.g. IRSX, 250 nm

NDA: needed even inside one 
collaboration

Queue: small academic orders wait

Cost: each iteration is expensive

Closed: design files cannot be published

Open PDK and open tools   GF180MCU

Share: whole design public, Apache 2.0

Review: anyone can check every file

Cost: ≈ $6k per design on a shuttle

Port: same flow on newer open nodes

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

Open PDK also allows AI tools in the flow, used as a tool under human review



Approach and Staged Plan

4

Open process

GF180MCU open PDK

180 nm, 3.3 V, MIM caps

Low-cost shuttle

wafer.space

≈ $6k → ~1,000 dies,

chip-on-board

Public repository

github.com/sykeisuke/asic_rd

Apache 2.0, open to all

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

Staged plan

Tape-out 1

flow-flush design

1 channel × 4 cells, 8 bit,

20 MSa/s

Tape-out 2

more cells and channels

smaller comparator

IRSX class

32,768 cells, 12 bit

many channels



Tape-out 1: Architecture
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𝐴𝑛𝑎𝑙𝑜𝑔

𝐷𝑖𝑔𝑖𝑡𝑎𝑙

𝑈𝑛𝑖𝑡 𝑐𝑒𝑙𝑙 𝑘 (𝑋 4)



Tape-out 1: Spec vs IRSX
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IRSX (reference) Tape-out 1 (this work)

Process/supply − GF180MCU, 3.3 V devices

Channels × cells 32 768 cells (16 × 32 × 64) 1 × 4

Hold capacitor 14 fF 54.5 fF MIM (5 μm × 5 μm)

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 μs

Noise target − 0.25 LSB rms (ENOB > 7)

Static power (sim., AVDD) − 755 μW

Readout 4 × 8-bit Gray capture, serial



Sampling Unit Cell: Top vs Bottom Plate Sampling
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Sampling Unit Cell: Bottom Plate Sampling
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1 Track 2 Sample 3 Isolate 4 Convert



Sampling Unit Cell: Bottom Plate Sampling
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1 Track 2 Sample 3 Isolate 4 Convert

S0′ opens = sampling instant: Qbot0 = CS (VMID − VIN) + Cparasitic VMID + Qped

Qped: charge injected by S0′;  later changes in VIN cannot alter Qbot0



Sampling Unit Cell: Bottom Plate Sampling
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1 Track 2 Sample 3 Isolate 4 Convert

S0 opens: the top plate leaves VIN;  Qbot0 stays frozen on the bottom plate

both plates float; the charge cannot leave the bottom plate



Sampling Unit Cell: Bottom Plate Sampling
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1 Track 2 Sample 3 Isolate 4 Convert

S1 closes, the ramp drives the top plate:  Qbot1 = CS (Vbot − VRAMP) + Cparasitic Vbot
Charge conservation at bot,  Qbot1 = Qbot0   ⇒   Vbot = VMID + VPED + α (VRAMP − VIN)

where  α = CS / (CS + Cparasitic),   VPED = Qped / (CS + Cparasitic)

comparator trips at VRAMP = VIN − VPED/α, the same offset for every input



Sampling Phases: Timing Diagram
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Comparator
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Spec Simulated (135 PVT)

𝐷𝑒𝑙𝑎𝑦
≤  12.5 𝑛𝑠
(1/4 LSB)

≤ 11.6 𝑛𝑠

𝑁𝑜𝑖𝑠𝑒 ≤ 0.08 𝐿𝑆𝐵 
0.036 𝐿𝑆𝐵

(VACASK Transient)

𝐺𝑎𝑖𝑛 > 60 𝑑𝐵 ≥ 89 𝑑𝐵

𝜎(𝑉𝑂𝑆) − 2.1 𝐿𝑆𝐵 

𝑃𝑜𝑤𝑒𝑟 − 110 𝜇𝑊

𝐴𝑟𝑒𝑎 − 39.4 𝜇𝑚2 



VACASK Noise Sim: Ramp + Unit Cell
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Reference, Ramp, and Bias Design
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𝑆ℎ𝑢𝑛𝑡 𝑅𝑒𝑔𝑢𝑙𝑎𝑡𝑜𝑟

𝐶𝑙𝑎𝑠𝑠 𝐴𝐵 𝐹𝑙𝑖𝑝𝑝𝑒𝑑 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝐹𝑜𝑙𝑙𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 − 𝑔𝑚 𝐵𝑖𝑎𝑠 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟



An AI-Assisted Design with Human in the Loop
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Digital on Top Flow
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Chip Top
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Top View of Current Chip

19

Analog

Digital



Open-source tools: xschem · ngspice · VACASK · KLayout · Yosys · OpenROAD · LibreLane · gdsfactory

Progress So Far
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Specification

frozen

Schematic

all blocks
+ macro

Pre-layout sim

macro typical;
PVT/MC per block

Layout DRC / LVS

PEX + post-layout Top integration

flow demo,
0 DRC errors

Pad ring / COB GDS submission

wafer.space
Run 4

Silicon test

tentative
Q2 2027

done (run artifact) partial / demo open ~12 weeks to clean GDS



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

Limitless scope

Open-source EDA tools

Public repository

Agile, software-like flow

AI-assisted design

AI-friendly open tools

Agents do the rigorous tasks

Humans verify and guide

Global collaboration

No NDA: anyone can join

Every file open to review

Ports to newer open nodes

github.com/sykeisuke/asic_rd
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github.com/sykeisuke/asic_rd

GitHub Repo



Hold Capacitor Choice
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Cap vs 𝑘𝑡/𝐶 noise: Verified with VACASK Tran noise sim
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Bottom-plate sampling: Working and ramp
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Digital Design
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Analog Top
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Chip Top
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Comparator Sizing Choice
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  A n a l o g


  D i g i t a l


  U n i t   c e l l   k   ( X   4 )


  D e l a y


  ≤   12 . 5   n s


  ≤ 11 . 6   n s


  N o i s e


  ≤ 0 . 08   L S B  


  0 . 036   L S B


  G a i n


  > 60   d B


  ≥ 89   d B


  𝜎 (  V  O S )


  −


  2 . 1   L S B  


  P o w e r


  −


  110   𝜇 W


  A r e a


  −


  39 . 4   𝜇  m 2
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