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Introduction

 Make: movement attracts people
— Diversity induces nice ideas
« More people, more ideal!
* We want Democratizing VLS| making

— Induce diversity!
« More people, more ideal!

— Not only digital but mixed signal!
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More people, more idea
Make: movement

Moore’s law Computer Open Source
Controled Programming
Machines Software
: Eliminate ﬁ
Inexpensive {complexity
MPU .

Low Cost Embedded System

A 4
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community Make: movement Shared
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More people, more idea
Democratize VLS| Making

Community opened to Sharing knowledges
non-specialists

~_

MakelL SI: for VLSI making
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Problems in VLSI Design

[Moore’s law }
Phy_S|_c/chem|c System
al difficulty :
7 camplexity
More
transistors i
Complex fabrication Complex software

Complex design

Design Cost
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ASIC Design Trend

Migration will not

replace completely!

Longtails for every

processes.

> 70% for >= 130nm In

2013

« Estimation: 70% for
>=90nm In 2018.
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More people, more idea
Make: movement

Moore’s law Computer Open Source
Control Programming
Machines Software
_ Eliminate E
Inexpensive [complexity
MPU .

Low Cost Embedded System
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Toward MakeLSl:

Inexpensive
MPU

\

Make: to MakeLSlI: A

[Eliminate } Free!
complexity / y

N

Inexpensive
chip fabrication

A 4

/ Target must not be
the state of arts

J\

/

cost design tools

Open/Free or Low

Automat

U'NDA

\ FOSS or free to
use software

|

[Shuttle }[Minimal
K service )\ fab.

~

Coémmm\
/ {support
V4

examples
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Motivation and Background

* NDA prevent us to share our experiences
on VLSI design

— cf. Open source software projects success with
the sharing knowledge among contributors.

» Costly EDA tools prevent beginners to try
even with a small design

* Most of FOSS EDA tools had stopped their
developments.

« We want “Make:” movement for VLSI!
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MakeLSI: project by Prof.Akita

* NDA Free VLSI fabrication

— Search fabrication company without NDA
— Migration from virtual layout to NDA based one

* VLS| making community

— Mutual support between users

— Collect use cases with FOSS or free to use
EDA tools

Slides from Prof. Akita will be
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MakeLSL - Qutline

@ nn-enw |

— Freeware CAD
— Basic Knowledges
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MakeLSl: - Tools

« Layout Tool: Wgex by Prof. Asada @
U.Tokyo

— Circult Extraction & DRC
 Circuit Simulator: LTspice / Spice3
* Logic Synthesize & P&R: AII|ance

« Commonly Used in Project ‘g

— Sharing Know-hows in usage =
and design

— Integrating & Sharing IPs

BRI
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MakelLSlI: - Fabrication

« Fabrication Trials with Multi Chip Project
at Kitakyushu's Facilities
— CMOS 2[um], 2Al Technology, NDA-Free

* (Preparing) Phenitec Semiconductors’s
Shuttle
— CMOS 0.6[um], 3Al Technology

— NDA-Free Design Rule based on Kitakyushu's
Rule, shrinking x0.3

* (Future) minimalfab by AIST, Japan

— In wafer, Mask-less exposure, 1week TAT
?W“ﬁ"ggm JunicrEi) Akita:AVIC2016



MakeLSl: - IPs

« Sharing on GitHub
— Standard Logic Cells
— Analog IPs (OPA, BGR)
- MOS TEGs
» OSHW (Open Source Hardware)
— NDA-Free Design Rule
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ChipPhote

= NDA-Free IP
open source
ardware
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— Free fee, Open & Share Contentg

. 11 Circuits vISaw Oscillator =
— Kilburn Adder JIOPA ‘
— Guitar Effector VIMOSFET TEGeEEEEEEE=
_ 1bit CPU VITimer555” |

— 4-16 Decoder
— Ring VCO, LC-VCO, BGR

» Wide Variety, Passionate Activiffjs i
= TOKAIUNIVERSITY Junichi Akita: Avic STRSIEEE



MakelLSlI: - 2" Trial in 2016

DDDDDDDDDDDDDDDD
EEEREEERER

« 11 Contributors
— Free fee, Open & Share Contents

BDEEDED
E EEE

e 12 Circuits YIR-2R DAC
_ALU VINRZI Codec :k
— Guitar Effector YIGoldCoder
_ RiNgOSC ler?verter, FA
_PSG VITimer‘555”

— Delta-sigma ADC
* Wide Variety, Passionate Activity
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Distributed IP Development

— Framework=NDA-Free, Common-
Technologies/Tools

— Rapid IP Development
* Developed by lots of contributors
* Possible Low Quality (bugs, errors, ...)
« Quality can be improved by contributors,

— Cf. OSS (Open Source Software; Linux, etc.)
« Quality will be rapidly improved by contributors

« Contributors’ passions for development & improvement
(user community)

« Open framework (source code, license, ...)required

& JOKAIUNIVERSITY Junichi Akita:AVIC2016



Our Challenge

* Use NDA free fabrication
* Use symbolic layout as a virtual layer

« Make our own virtual PDK

— Prof. Akita used FAIS’s as a virtual PDK

* FAIS rules are too difficult because of process
stability

— New virtual 1pm rules is written by community

TOKAI UNIVERSITY

EDUCATIONAL SYSTEM
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NDA free fabrication

 Kitakyushu FAIS fabrication
— 2um old tech. without NDA

— Based on this technology Prof.Akita organizes
“MakeLSI:” community.

* MOSIS SCMOS

— Scalable CMOS design rules available
« MOSIS will convert GDS for vendor rules

e Currently only 0.5um ON Semi process is available.

TOKAI UNIVERSITY

EDUCATIONAL SYSTEM
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Kitakyushu FAIS VLSI foundry

* FAIS provides OLD, but NDA free, low cost
CMOS fabrlcatlon opportunity

) 2 Oum 2M S u 5;"! Chemical Yellow room § =8
LR

process

% 7,,17 s ,H.,’i “I 1 ,,{“ \.‘\ “-—"L_",. h : ~:.:'\ — :
~ N | g\ — o y 7
| £ rompecialil b buea t =2
We start our efforts with ! I-’ } L
; ; ] . ‘ PIRR
this fabrication facility TLA—S—

: < ~ | Chemical process: 5,100JpYen/H
“‘\ ek Yellow room: 2,4003pYen/H
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Symbolic layout efforts

« Lambda rules

— Based on scaling theory back to Mead and Conway
1981.

» Every rules are denoted based on the unit lambda.
— MOSIS provides SCMOS Rules publicly
 Alliance from UPMC, France symbolic rules
— Lambda with micron based modification

— Symbolic segments will be converted with multiple
segments with database
« NDA segments can be hidden from symbolic layer.

22
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Symbolic Layout Tools

affects all parts of the flow)

* Qflow

L]
— Verilog entry
Yosys/ABC e \ Qrouter Y Magic
Y Y o0 >
aC e ro u e 2 d 11, .pl E Annotated s 1
w mappe - -pll., .pl2, .pin = Annot = SPICE netlist
g BLIF 5 placemen g DEF file @ .sim netlist
111 ag v 1y
E netlist g result: o = GDS2 output
A blifFancut g ‘L oot
— blif2cel = P
\ decongest A
DEF file
1 input f

— SCMOS rules

— GDS2 output
— OSU standard cells for AMI 0.35um

« Alllance/Coriolis

? TOKAI UNIVERSITY
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SCMOS Rules

« MOSIS settles SCMOS design rules.

— The rules is open and published on their web.
— The rules described on lambda as below.

SCMOS Layout Rules - Active

I
Lamhda
,Rule Description
SCMOS | SUBM | DEEP
2.1 |Minimum width 3¢ | 3% | 3
I2.2 Minimum spacing 3 3 3
2.3 | Source/drain active to well edge 5 6 6
2.4 | Substrate/well contact active to well edge 3 3 3
Minimum spacing between non-abutting active of different
2.5 |implant. Abutting active ("split-active") is illustrated under 4 4 4
Select Layout Rules.

24
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Alliance:
Symbolic to real layout translation

« NMOS Transistor translation example

NTRANS RDS_POLY VW 0.
RDS_NDIF LCW -3.0
RDS_NDIF RCW -3.0
RDS_NDIF VW -3.
RDS_ACTIV VW -3.
RDS_NIMP VW -1.
RDS _TPOLY VW -1.0

* Layers
— Poly
— NDIF
— Active =L
TR
— Implant R
— Vth imp.”" | |
il
Symbaolic
Layout

? TOKAI UHWEH‘EIT‘I"
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My Chips fully layouted with
Alliance

 All these chips are fabricated with VDEC
shuttle. http://www.vdec.u-tokyo.ac.jp/

Rohm 0.35um  opsemi1.2um Rohm 0.18um

We used NDA based design rules for these chips.
?;mumumgsm

DUCATIONAL SYSTEM
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Our ldea

Alliance symbolic [Design with

rules from UPMC

symbolic rules

A

y

MOSIS SCMOS DEEP with

Virtual PDK is made on [Design rules check

against virtual PDK

90nm Lambda

symbolic
cell library

symbolic
rules

NDA free for users

NDA required

Eabrication ISymbollc to real
o . ayout
specific design conversion
puts on could. A\
No user accessible Vendor specific
I | layout
= TOKAIUNIVERSITY —~

/Multiple targets R
$\ Conversion
\\ Crules
Cl b s
re
\_ | /
27



Experiments

 Virtual Layout against SCMOS DEEP

— Design cell library : nsxlib

— Write Alliance symbolic to real translation table
— Write Alliance design rules check deck

— Write symbolic 10 cells

* NDA based real layout
— Write Alliance symbolic to real translation table
— Write Alliance design rules check deck
— Merge vendor frame GDS with generated GDS

28
TOKAI UNIVERSITY
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Design Flow for cells

Newly designed

tools ]

Alliance original

sxlib Symbol to real Generated file
Symbolic S .TSMCd | Translation
Layout pice mode database
Alliance \/
[ AWk scrlpt Layout editor Alliance extracted sxlib
(graal) Netlist extractor » VHDL VHDL
(cougar) behavior behavior
: nsxllb ,
Design rule Symbolic SPICE
database Layout i
Alliance
Formal verification
Y (proof)
Alliance : A_Illance
DRC ( druc) LIB file Behav(l;);1 ger;t)ractor

? TOKAI UNIVERSITY
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Symbolic Design Flow for Target

Newly designed

Logic entry | tools ]
with NSL
Generated file
NSL compiler sllizree Alliance
(nS|2Vh) g netlist P&R
(ocp/nero)
VHD!— Cell librar Alliance Allignce
behavior Gille) y LVS Symbolic
/ (Ivx) layout
Alliance
: DRC rules
(\?g: t/hbeoscl)?n / against SCMOS 3
by Alliance
00
9) Symbolic to real [;RC
= ToKA UNIVERSITY Translation table (druc) 30
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Symbolic layout with nsxlib

B8 Graal: chip - O x

File Edit Window Create View Tools Setup ﬂelpl

e iI | i
iy |§_
IIIIIIII

il i
il |t

1l 1 g

il =

TOKAI UNIVERSITY

EDUCATIONAL SYSTEM ¥ 4739.00 ¥ 3758.000% 3514 000y 19400 Flatten | Select window | Enter first corner
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NDA based GDS design flow

Alliance
Symbolic
layout

A 4

Alliance
Symbol to real
(s2r)

A 4

GDS core
layout

A 4

GDS editorl

Symbolic to real
Translation tablg
For Phenitec

DRC rules

GDS chip

A 4

layout

Phenitec

(klayout) J

?TGKMUHWE

EDUCATIONAL SYSTEM

PAD/Frame data

against phenitec
Mentor Graphics!
.~ DRC

DRC rules
against Phenitec

Newly designed

tools ]

Vendor data

Generated file

(calibre)

Alliance DRC
(druc)
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Problems on Phenitec chip

* Phenitec has tighter design rules than
SCMOS

— Adjust ‘nsxlib’ to be compatible with both.

* Alllance could not read the GDS2 for PAD
and frame by Phenitec

— Use ‘klayout’ to merge GDS2s

* PAD alignment is not even.
— Manually place and route the PADs

 |O cell area iIs too small! Create new cells.

TOKAI UNIVERSITY

EDUCATIONAL SYSTEM

33



la
oum process

ion Tri

t

ICa

Fabr

tec O.

for Phen

- N e

~ -~

-_-__-_,._2,_.73

ﬂﬂjﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

34

? TOKAI UNIVERSITY
we  EDUCATIONAL SYSTEM



Fabrication Trial 2
for Phenitec 0.6um process
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Conclusion

* VLSI design flow and methodology without
NDA is proposed

— fabricated chips with Phenitec 0.6um process

* We started to discuss on 0.35um chip with
Phenitec

* We are expanding this method for deeper
processes.

 Allilance based symbolic layout is practical
for our goal.
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