@Eﬁ&‘iﬂ
ICHIES 2024F4BANR> N [A—T >V —XPDKEHA] s

A —7>2)—REDAZSERLT-
LSIEAF IR D BH+A

AEMN. LT, K THE. ERHAT. RE—F

IR % —
ERE LR HHRF — A

2024/4/5 1



e RS

EbiekG.2E A B,

B 2@

200338 HIAXFAFERIFMEREFIFERET HMEASLTHEE (77 v>aXrE) OFAZEQERS)
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2012-2013F RER FREERSER RBEREXR HE

2013-2018%F EREHHICRES
SOTBhRFlex Power FPGAZREt - i, BIZEEFE v b ixFHIRIEElR - @ZHPDKIER - 325

2018-2023%F AlIF v 77FHA v F—FTr4/R=av3+%K7+Y (ADL) F—-ALR
T A AEMARBAAERERERHAR I V-7 TL-TR
AlF v 7E&sHil= (AIDC) DEA - FIFEY
o 2023FE~BTE LY EEFEHEEL 42— (SFRC) SGT: Surrounding Gate Transistor

=l T GAA: Gate All Around
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ERI: Electronics Resurgence Initiative, 2017
DARPA

Lowering barriers to hardware innovation

Transistors,
log scale

107

= Transistors per chip, '000 | Design Cost

= Total HW Cost

10°

10°

10

Cost ($M)
100

. Verification Cost

75

50

25

z 1—r—.—.—.-.—..—,—

S0

85 90 95 2000 05 10 15
Technology Node 180 130 65 45 32 22 14

NVIDIA Qualcomm

Broadcom  Xilinx

Fabless companies

Design

New procedures for physical design and
verification will lower the design barrie;

Verification

enabling rapid specialization

Intelligent Design of Electronic

I Assets (IDEA)

Q

* No human in the loop” 24-hour
layout generation for mixed signal
integrated circuits, systems-in-
package, and printed circuit
boards.Machine generated layout
of electrical circuits and systems

Posh Open Source Hardware

(POSH)

+ An open source System on
Chip (SoC) design and
verification eco-system that
enables cost effective design
of ultra-complex SoCs.

The 1980’'s DARPA MOSIS effort removed fab cost and fab access barriers and launched the fabless
industry. The ERI Design effort will address today’s design complexity and cost barriers, creating the
environment needed for the next wave of US semiconductor innovation.

2024/4/5
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https://www.darpa.mil/attachments/eri_design_proposers_day.pdf
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IDEAZ7R % 5 L : OpenROADZ'RL =4 | (2018~2023) Kreiennicd

PL: Prof. ANDREW B. KAHNG@UCSD
OPENROAD: NO HUMANS, 24 HOURS

« FOCUS: ULTIMATE ease of use and runtime

DARPA ERI(Electronic Resurgence Initiative) Summit 2018

* 24-hours, Non-Human-In-Loop layout design for SOC, Package and PCB
with no Power-Performance-Area (PPA) loss, Tapeout-capable tools in
source code form -> Open Source

+ Directly attack the crises of design and innovation
« Schedule barrier: RTL-to-GDS in 24 hours
« Expertise barrier: No-human-in-the-loop, tapeout GDS
« Cost barrier: Open source (and runs in 24 hours)

Funded by DARPA 2019-2023, Now supported by Precision Innovations

* Unleash system innovation and design innovation
* Enable tool customization to system, application needs

Used in research and commercial apps.

s * OpenROAD-flow-scripts(OpenROAD)

Distribution Statement A — Approved for Public Release, Distribution Unlimited

OPENROAD V1.0 IN ACTION »  OpenLane(Efabless)

Verilog .|| ogic Synthesis * Silicon Compiler (ZeroASIC)

+ libraries,
constraints 1

| Floorplanning |

|

I Placement I

* Hammer (UCB)

* OpenFASoC (IEDA-FASoC)

I Clock Tree Synthesis I

PDK Support

Global and Detailed
Routing

}

GDSIl «—  Layout Finishing
final 2

lavout Distribution Statement A — Approved for Public Release. Distribution Unlimited

2024/4/5 Ref. Kahng@ERI| Summit 2020 °

* Open Source: GF180nm, SKY130nm, FreePDK45nm, ASAP7nm

*  Proprietary: GF55nm, GF12nm, Intel22nm, Intel1l6nm, TSMC65nm



Syn
Explol

RTL Synthesis
(Yosys + abc)

OpenROAD App

(Illl

Optimization

Ant. Diodes
Insertion Script

Global Routing

]

Design <

OpenLane7Z’B< 7 b+ (2020~)

Detailed Routing
(TritenRoute)

Ant. Diodes
Removal
(Custom Scripts)

Exploration |

i

Physical
Verification
(magic & netgen)

v
gds2 Streamin
(magic)

RC Extraction
(DEF2SPEF)

(OpenSTA)

2024/4/5
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LEF

https://openlane.readthedocs.io/en/latest/flow_overview.html

e EERETT

EbiekG.2E A B,

FoFF< ¢ A 130nm OpenROAD-based Tapeout-
Proven Flow (ICCAD 2020)@efabless

OpenLane =0penROAD + Yosys, Magic, Netgen,
CVC, Klayout and custom scripts

PDK Support

* Open Source: SKY130nm, GF180nm
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ICARUS Verilog¥ 2 2 L —% (19984 ~)

&« G o] https://github.com/steveicarus/iverilog {

a vpi_modules.cc Fix memory leak and add vpi_release_handle() 6 months ago

D vpi_user.h Fix memory leak and add vpi_release_handle() 6 menths ago

[0 README 23 GPL-2.0 license

The ICARUS Verilog Compilation System

Copyright 2000-2019 Stephen Williams

>

Table of Contents

What is ICARUS Verilog?

Icarus Verilog is intended to compile ALL of the Verilog HDL, as described in the IEEE-1364 standard. Of course, it's
not quite there yet. It does currently handle a mix of structural and behavioural constructs. For a view of the current
state of Icarus Verilog, see its home page at https://steveicarus.github.io/iverilog/.

Icarus Verilog is not aimed at being a simulator in the traditional sense, but a compiler that generates code employed
by back-end tools.

For instructions on how to run Icarus Verilog, see the iverilog man page.
Building/Installing Icarus Verilog from Source
If you are starting from the source, the build process is designed to be as simple as practical. Someone basically

familiar with the target system and C/C++ compilation should be able to build the source distribution with little
effort. Some actual programming skills are not required, but helpful in case of problems.

If you are building on Windows, see the mingw.txt file.

Compile Time Prerequisites

You can use:

apt install -v autoconf gperf make gcc g++ bison flex 18

. https://github.com/steveicarus/iverilog

2024/4/5
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GTKWave EHFHRT (10FE < SUWLEI~)

&« - @] % httpsy//gtkwavesourceforge.net

Welcome to GTKWave

GTKWave is a fully featured GTK+ based wave viewer for Unix, Win32, and Mac OSX which reads LXT, LXT2, VZT, FST, and GHW files as well as standard Verilog VCD/EVCD files
and allows their viewing. You can grab version 3.3.117 here. Documentation in pdf format can be found here.

For svn access to the experimental, pre-release sourcetree on Sourceforge:
svn checkout svn://svn.code.sf.net/p/gtkwave/code/ gtkwave-code

Native Win32 and OSX binaries are available here, however if you are a Windows user running Cygwin, running under that is recommended instead.
A Mac port can be found both here and here.

Ports to other platforms which GTK supports should be trivial.

An experienced professional shown violating most known rules electrical safety with GTKWave. Please do not attempt this at home.

% @ gtkwave File Edit Search Time Markers View Help & TueldfM O
OO0 TR - fUsars (OSAL
w D0 QAR 4 el @ % monfr Tofsssarms | G | Marker — | Cursoe: 196507 ms
—wT Sqnals e
Time
val[7:4]
Typa [ Sigeats

Wi vl

https://gtkwave.sou rceforge.et/

L B ——— T Ch mmam |

Aeom e e B[]0

-~
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Magic LA 77 b7 4% (1980's~) LERF

£ o 0 A 7F1UT1{EELL | opendrcuitdesign.com/magic/ PR m A o

Magic VLS! Layout Tool

Curret distributon versio 8.3

Magic
VLSI

Welcome
Download
Install
Release Notes
Code History
Using Magic
Technology Files
Documentation
Development
GitHub

OCD Home
Non-frames version

2024/4/5 [+ http://opencircuitdesign.com/magic/ = 9




SPICE3 7F+ROZsEKEIalL—% (1996~) -

EbiekG.2E A B,

=

& O 5]  https;//ptolemy.berkeley.edu/projects/embedded/pubs/downloads/spice/spice.htm asd A Ty 02 7= 43

THE DONALD O. PEDERSON
@& CENTER FOR ELECTRONIC SYSTEMS DESIGN

Welcome to the Embedded Website home about people publications

SPICE 3F5

Tapes and docs are no longer available. Please ignore the prices and email addresses, this file is made available for
historical reasons only.

NOTES:
SPICE3F5 IS AVAILABLE THROUGH:
+ Spice Homepage

All Spice ingiries, except those fer hardcopy documentation, should be directed to groups and persons affiliated with Spice. The
Software Distribution Office now only facilitates the ordering of hardcopy documentation for this program.

For SPICE3F4 MS-DOS Users:
Call the Software Distribution Office to obtain the necessary instructions to upgrade your diskettes: (510) 643-6687.

SPICE is a general-purpose circuit simulater with several built-in semiconductor device models. SPICE perferms several
analyses, including nonlinear DC, nonlinear transient, and linear AC analysis. Device types include resistors, capacitors,
inductors, mutual inductors, switches, linear and nonlinear sources, lossy and lossless transmission lines, BJTs, JFETs, GaAs
MESFETS, and MOSFETs.

SPICE3 is based directly on SPICEZ2. SPICEJF includes AC and DC sensitivity analysis, which was not available in the previous
major release (3E). Also available are an enhancement to the JFET model, a correction to the continuity of the MOS3 model (with
respect to the kappa parameter), table-format output for device operating-point data (like SPICE2), the ability to change
individual device parameters or vector elements interactively, support for X11r5, hardcopy for PC graphics, memory leak fix for
nonlinear sources, and many other bug fixes. Finally, the portability and installation procedures have been improved. SPICE3F3
contains numerous bug fixes over the previous minor release (SPICE3F2), notably in the AC sensitivity analysis, initial
conditions, and plotting.

Hardware/Operating System Requirements:
UNIX workstations:

« Operating system: Ultrix 4.x, SunOS$ 4.x, HPUX 8.x, AlX 3.x

+ Graphic output: X11rd or X11r5, postscript, UNIX plot format; many graphics terminals are also supported by an internal
library.

+ Compiler: A robust C compiler required; SPICE3 is written in old style or K & R C, not ANSI C. GNU gcc has been used
successfully with previous versions.

https://ptolemy.berkeley.edu/projects/embedded/pubs
2024/4/5 /downloads/spice/spice.html patible

https://ptolemy.berkeley.edu/prajects/
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Xschem

« (& 71  https://xschem.sourceforge.io/stefan/index.htm di ANy 3 7= (=) %2 -b

AERTT 4 X +%y bURT 45 (1998~)

v

HOME XSCHEM MANUAL GOOGLE
- D0lars sparc

- Windows (with the cygwin layer and cygwin/Xorg X11 server, plus the tcl/tk toolkit and the -dev libraries)

» analog circuit example

Screenshots

File Edit Options View Properties Layers Tocls Symbel Highlight Simulation

BEO «AXDOx B 354 /0D 1 -0E O,

mas_power_ampli.sch ﬂ

SNAFP: |10 GRID: |20 NETLIST MODE:| spice  mouse = 310 -870 - selected: 0 path: x1.

« digital system for VH

https://xschem.sourceforge.io/stefan/index.html
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g ERETT

FPGA7—*T7 7 Fv&FE Y-
VPR:Versatile Place and Route @ Toronto University (1997~20117?)

BLIF: Berkeley Logic Interchange Format -[a search

Technology-Mapped Architecture
Netlist Description File

Zoom Fit

window
Toggle Nets:
Nets -
| | Toggle Block Internal:
it |1 i +
] . Toggle Block Pin Util:

- — 1A 1 ,

. 0 | | Y one -

VPR - Existing Placement ™ = ,

. . . .. oggle Placement Macros:
Place Circuit or Read in Existing Placement |- or Placement from ' None .

v N _Another CAD Tool / Toggle AR

Perform either Global or Combined o [ .:"" : | L NoneTo T 7
Global / Detailed Routing — JOECORgERON .

Toggle Routing Cong Cost:
None -

Toggle Routing Bounding Box:
-1 +
Toggle Routing ULil:

CPlacement and Routing Output Files)

Placement and Routing Statistics

None b

,E:E::E:E Toggle Router Expansion Cosks:

None -
TE:" Toggle Crit. Path:
- I None -
EH Save
o o Pause
Proceed

https://www.eecg.utoronto.ca/~vaughn/vpr/vpr.html

2024/4/5 12




e EERETT

VTR: Verilog to Routing @ Toronto University (2012~)

Input: BLIF -> Verilog
Older version L atest version (VTRS)

(RR—Graph) ( LT 0
FPGA Architecture
RR-Graph ) p
Architecture Device
____________ @ Description

o Device
|
| ! )
, - 1 . ! | Plsmiigs Quartus ! S i /" Design
1 i Quartus | D Design | | Map ]
' Qdin 11 M ' Yosys 1 1 S CAD Tool
) AP ! CAD Tool | | l I Stage
! 1 | I:l Stage . | I ~T
: I I ! ! VQM to BLIF | | ABC ‘o ) VIR Flow
' VQM to BLIF | | ABC — o : I i s \ Titan Flow
, ! 1 ") Titan Flow ! | T | T )
' / i ‘ ' | 1 —— Staqdard
i i i Standard : | N ] ---->  Optional
| ' Optional ! . 1
! ABC | ; ' | L '
. j E , | S h
, ,.4’/ ] i I - Tech. Mapped ] :
! = Tech. Mapped I I i Netlist S
' Pty Netlist  f-2---c-oon-- \ I _.~ 11 .
i Pt , (7 =/ v
1 —- B T BN Ry 6000 T T I.T T T T r
; ([ : : L VPR i Dacking il - - - Other |
' ! VPR : T Pack Iy : Pack :
' ! Pack ! I ! | S 92§ — I
; I | ! I | i O
| i : 3 VPR U placement foen--o Other :
' I VPR T 4 17 Place i / | Place i
et EESREELH i Placo : ! | - —
H ! 1 1 : ! i | EEEEE | G o
] 1 L )
! : 1 ! | T VPR 1 Routi o ! Other |
1 + VPR ' / . | Other i . L T uting 4= I
t R SR R >| Route | | Route
E -------------------------- in— Route 3 Routing /A | Route i ! Ii i| / )
H I ), = | Tessssssseseeed | H S SN
: i L ‘ : I -
H H ] esign Implementation ... ' 11 ! | N
1 s (e B
' i ; e ' = VPR I ]
H ! ] y | I ! i 1 i s :
: ! A\EJ)R' i | Bitstream Gen. | R 1| AnalV81s ! | i Bitstream Gen .
--------------------------- = 1 3515 ! | i l' ,.| B
- b heeeees Fommm—— -—- SN TR G- - !
; vy

----------- Post-Impl. A Ti P p— !
Post-Impl. Area Tlmmg Power ’n‘ Bitst Fr’ / (;?Ztlriys]f / / Me;i:’:b // N;;;E:i // M:‘;wr?; / | Bitstream §
Netlist Metrics Metrics Metrics r tstream £ '

2024/4/5 https://docs.verilogtorouting.org/en/latest/ 13
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e EERETT

*—7> YV —REDA%RBVEHEDESE 1
XMOS(double gate MOS)® “‘ll«’irsplcerSL_%E&L&@ZOM

DG MOSFET 11 Applications Edit Window Help = ) (=lACERCEET 4:39:10 AM () 4] 20

8 C 0 x| xtarm ™y £ | spice3

[Macintoshi™] hkolked spiloa3fSsfixdN0S ob)/binsplced smosiny, clr
. . Frogram; Spice, wersion; 3FS
Two gates sandwich the Si channel. Date builts Wed Har 3 19:11:30 J5T 2004
The additional gate can be used as Symbol (proposal) o . e
N . . Type "he2lp" for nore information, "quit" to lsave,
-the gate electrically tied with the other, or
-another SlgPal input, or . G1 Circuit: Yariable Threshold Yoltage XMDS Inverter
-an alternative for the body bias electrode. J_
1 is selected for VERSION, (default)
Upper Gate S—'1 D i s?lec:;,ed for VERSION, (default)
- wiout,
Channel [ Gpice 3 -F “weklbranch
G2 Spice 4 —+
Lower Gate
e

In all usage, minimum short-channel effect is distinct.
When used as electrically tied gates (as FinFETSs),
high current drivability and ideal S factor are prominent.
When used as an alternative for the body bias electrode, i
high frequency body bias, aggressive forward body bias xmos 1 - - -
and other sophisticated body bias techniques can be easily achieved. \E::j:;::"l;hls:::;kzz :L:Z;: :;g :l;:v:im
Preizslg‘?;igs:?;a:;zziiéﬁ ?;if;i:uétlyt of manufaCturlng’ * commands: run -» plot v|out) -> plot vdd#branch

long way to go in LSI or production level. e’ M .0C VIN 0.0 1.0 0.01 VG2 -0.5 0.5 0.1

_\_ shiceB

N

) fmmar N VIN In 0 DC 0.0
VOD Vdd 0 DC 1.0
VG2 PMOSvg2 Vdd DC 0.5
Tl Vo2 EG2 NMOSvg2 0 PMOSvg2 VDD -1
MOSP Out In WVdd PMOS'{gZ PP L=lu W=lu TEMF=300
| Compute yso1 and ysoz (2D Newton method) | MOSH Dut In 0 NMOSvgZ NN L=lu W=lu TEMP=300
Channel 2 Only Channel 1 Only .MODEL PP PMOS(LEVEL=77 TS=5.e-9 TOX1=2.e-9 TOX1=2.e-9
wsor> Var? + VFBL1=0.622801 VFE2=0.622801 U0=0.135 RS=170.0 RD=170.0)
.MODEL NN NMOEI:LEVEL'?_.-‘ TS=5.e-9 TOXl=2.e-9% TOXl=2.e-9
Double Channels + VFBl=-0.622801 VFB2=-0.622801 U0=0.135 Rs=170,0 RD=170.0)

B0, 1000,0

[ Adjust 21, 202, Y501 and ysoz | || Adjust miandyse |

v v

| Adjust Vs1, Coxi, Ve and Coxz |

] ¥

Compute ysL1 Compute ysL2
(1D Newton) (1D Newton)

v v

| Adjust zz andyso: |

Adjust Va2 & Obx: |

Compute ys12
(1D Newton)

v

LEND suesp
[Macintosh:~] hkoiket []

[ Adjust Ve & Oox: |

?i’ﬁ“‘ﬁ}‘fv‘?n"fn? Ref. 1)I[fE@AIST. nanotech2004

| Compute & | | Compute k= | | Compute 1 |
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*—7> YV —REDA%Z AV HEDESE 2
Flex Power FPGA 0)CAD7I:I %

(Ref. AL @AIST. IEICE2004)

e T/-HHEBEERFIEGEZLFPGA : Flex Power FPGAD#ZT B F
« Torontok®VPRIZVT Mapper# B/

e RAIVITRT I HRINT—|IZH

( Start
il

Netlist

Circuit Reconfigurability + Power Reconfigurability

!
| Logic Optimization (SIS) |
!

. . . + - ‘
Circuit Mapping + Power Mapping | Technology Mapping (SIS) | | Activity Estimator (UBC ACE)
! !
m Mapped Netist /witching Activity
+
Flex Power FPGA [ Packing (UBC T-VPACK) S
i S ——
|| |__Placement (Original VPR) _je—— Parametized
| ! ~——___Architecture -
____Routing (Original VPR) |
[l yrasr - —
B Power Optimization Transistor Parameter
. é O] (Flex Power VPR) for Vth Control
Critical path T
- Power Estimation
(modified UBC VPR)
!

Power Estimates
I
2024/4/5 [ End l 15
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Flex Power FPGAL 14 77 F % F &k @2007

Magic % {5 - 7- B & 2L AL AT MY —ILTER
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Open MPW Shuttle Program (2020~)

Google-efabless-SkyWater Open MPW (:Multi Project
Wafer) Shuttle Program from 2020

A—=7»7—2ZPDK efabless:
Make it happen!
EEO Y FPLTAT T L

SH=HP (3RS Ny
SBE DR MPW

* Google: RIRYY—, #—7 >V —XPDKEE., SUEHKY—IL f No costshuétle'
. or open source designs
Fr—Y (XLS) BREE PEise 9

o SkyWater: 130nm7’ A€ X7 7> F)H4—E X, PDK ‘ | ’

Go gle Za= Skywater

Sponsorship Foundry

» efabless: Open Source EDA 1215 (OpenlLane)

Globalfoundries#°20224F | = & i

2024/4/5 https://efabless.com/open_shuttle_program o
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. e ERETT
OpenLane®E A

0 Product Solutions Open Source Pricing ° Ubuntu 20 04+

> The OpenROAD Project * macOS 11+

OpenROAD seeks to develop and foster an autonomous, 24-hour, open-source layout generation flow (RTL-to-GDS).

Ax 687 followers @ https://theopenroadproject.org/ [ ] Wi n d OWS 1 0 y 1 1 _|_

(M Overview ] Repositories 51 B Projects 1 @ Packages A People 5 ° Othel’ Linux

Pinned

* Download and Installation

] OPENROAD_USERS_READ_ME_FIRST ' Public ] OpenROAD  Public
OpenROAD users should lock at this repository first for instructions on OpenROAD's unified application implementing an RTL-to-GDS Flow.
getting started Documentation at https://openroad.readthedocs.io/en/latest/ ° G et pyth o n 3 6
Tras ¥ Verlog  T¥13k % 455
* Get docker
B yosys | Public ] OpenROAD-flow-scripts  Public
Forked from YosysHQ/yosys OpenROAD's scripts implementing an RTL-to-GDS Flow. Documentation at

° .
Logic synthesis and ABC based optimization https://openroad-flow-scripts.readthedocs.io/en/latest/ g It C I 0 n e 0 p e n Ia n e

@®c-- ir3s ¥is Verlog Y¥246 % 252
* cd Openlane

] OpenLane ' Public
. ( HbAD)
Openlane is an automated RTL to GDSII flow based on several components M a ke P D K

including CpenROAD, Yosys, Magic, Netgen and custom methodalogy
scripts for design exploration and optimization.

@®Python  Tr 1k % 348 ® make teSt (’f ‘/Z I‘ —')|/7_'2 I“)

* make mount (OpenLaneBiEDiIH EIF)

s N—F vy e ETHE < (ex. Ubuntu on
2024/4/5 Windows) : aJigik 23
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SkyWater 130nm7' At X

(Diagram not to scale!)
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5 layer Al

1 local interconnect

Poly gate

Internal: 1.8V, 1/0: 5V

Inductor capable

Poly resistor

MIM Cap.

GitHub - google/skywater-pdk: Open
source process design kit for usage with
SkyWater Technology Foundry's 130nm
node. 24
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OpenlLane Design Stage

design/
sre/*.v

The OpenLane Flow

I

Floorplanning RC Extraction

RATL Synthesis (DEF2SPEF)

(Yosys + abc)

\ Placement
Synth
Exploration w

Optimization

Q
=

q
>
9
w
3
=
OpenROAD App

STA
(OpenSTA)

S

Detailed Routing
(TritonRoute)

Y
Physical
Verification
(magic & netgen)

Ant. Diodes
Removal
(Custom Scripts)

Ant. Diodes
Insertion Script

DFT Global Routing

Y

gds2 Streaming
{magic)

]

Design  |g
Exploration |

|

Y

GDSIl/
LEE:

LEC: Logic Equivalence Check
SPEF: Standard Parasitic Exchange Format

2024/4/5

1. (Lint)

e Verilator

2. Synthesis
* Yosys/abc

* OpenSTA

3. Floorplanning

* Init_fp
* ioplacer
* Pdngen
* tapcell

4. Placement
* RePLace
* Resizer

* OpenDP

e EERETT

EbiekG.2E A B,

CTS

* TritonCTS

Routing
* FastRoute

e TritonRoute

* OpenRCX
Tapeout
* Magic
* KlLayout
Signoff
* Magic
* Klayout
* Netgen
* CVC 25
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KiTTHL48RTv7H% (LintgL)

masa@oseda: ~/OpenLane

R

§ s *
cts:

18-cts.errors 18-cts.log 18-cts.warnings 19-cts_sta.errors 19-cts_sta.log 19-cts_sta.warnings 20-resizer.errors 2@-resizer.log 20-resizer.warnings

floorplan:

3-initial_fp.errors 3-initial_fp.log 3-initial_fp.warnings 4-io.errors 4-io.log 4-io.warnings 8-tap.errors 8-tap.log 8-tap.warnings 9-pdn.errors 9-pdn.log 9-pdn.warnings

placement:
16-detailed.errors
16-detailed.

11-gpl_sta.errors 12-global.warnings 14-gpl_sta.log 17-dpl_sta.warnings 6-gpl_sta.log 9-global_skip_io.errors

11-gpl_sta.log 12-io0.errors 14-gpl_sta.warnings log 4-global.errors

4-global.log
4-global.warnings

6-gpl_sta.warnings 9-global_skip_io.log

11-gpl_sta.warnings 12-io0.log 15-resizer.errors 16-detailed.warnings 7-basic_mp.errors 9-global_skip_io.warnings

12-global.errors
12-global.log

12-io.warnings 15-resizer.log 17-dpl_sta.errors

17-dpl_sta.log

7-basic_mp.log

14-gpl_sta.errors 15-resizer.warnings 6-gpl_sta.errors 7-basic_mp.warnings

routing:

21-resizer_design.errors 23-resizer_timing.errors 25-antenna_diodes_1.log 25-global.warnings 27-grt_sta.warnings 29-detailed.warnings

21-resizer_design.log 28-fill.errors
28-fill.log

28-fill.warnings

23-resizer_timing.log 25-antenna_route_1l.errors 25-global_write_netlist.errors 30-wire_lengths.log

21-resizer_design.warnings 23-resizer_timing.warnings 25-antenna_route_1.log 25-global_write_netlist.log

22-rsz_design_sta.errors 24-rsz_timing_sta.errors 25-antenna_route_1.warnings 25-global_write_netlist.warnings

29-detailed.errors
29-detailed.log

22-rsz_design_sta.log 24-rsz_timing_sta.log 25-global.errors

25-global.log

27-grt_sta.errors

22-rsz_design_sta.warnings 24-rsz_timing_sta.warnings 27-grt_sta.log

signoff:
31-parasitics_extraction.min. 38-lef.errors
38-lef.log

errors 45-drc.errors

45-drc.log

34-rcx_mcsta.max.errors 37-irdrop.errors 41-spice.log

31-parasitics_extraction.min.log 34-rcx_mcsta.max. log 37-irdrop.log 41-spice.warnings

31-parasitics_extraction.min.warnings 34-rcx_mcsta.max.warnings 37-irdrop.warnings 38-lef.warnings 42-write_powered_def.log 45-drc.warnings

32-rcx_mcsta.min.errors
32-rcx_mcsta.min. log
32-rcx_mecsta.min.warnings
33-parasitics_extraction.max.errors
33-parasitics_extraction.max.log
33-parasitics_extraction.max.warnings
synthesis:

1-synthesis.errors 1-synthesis.log 1-

35-parasitics_extraction.nom.errors

35-parasitics_extraction.nom.log

35-parasitics_extraction.nom.warnings

36-
36-

-rcx_mcsta.nom.warnings

rcx_mcsta.nom.errors

rcx_mcsta.nom.log

synthesis.warnings 2-sta.errors

2-sta.log

38-gdsii.errors
38-gdsii.log
38-gdsii.warnings
38-gds_ptrs.errors
38-gds_ptrs.log
38-gds_ptrs.warnings

2-sta.warnings

s |l

3g8-maglef.errors
38-maglef.log
38-maglef.warnings
39-gdsii-klayout.log
40-xor.log
41-spice.errors

linter.log

42-write_powered_verilog.errors
42-write_powered_verilog.log
42-write_powered verilog.warnings
44-1vs.lef.log
44-regfile_2riw.lef.lvs. json
44-regfile_2riw.lef.lvs.log

46-drc-klayout.log
47-arc.errors
47-arc.log

47-arc.warnings
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© [ Hierarchical chip design X & Lanef®Hl (T-Opent % | [E] Hierarchical chip design % | df lay Flop, single out; X + v ~ o x
<« [¢] O 8 https://openlane.readthedocs.io/en/latest/tutorials/digital_guide html B & ® @ 8 =
OpenLane . . R R . s0 R
Documentation Hierarchical chip design (with $ "
poisteic
Q search macros) oo —

Gonfigure mem_irtw

This guide covers the creation of simple hierarchical chip level macro. Fun the flow on the macroblock
Getting Started ~ .
Memory macro is hardened and then the hardened design is used to showcase the integration flow in Analyzing the flow-generated fles

Chip levelintegration

chip-level macros.
Usage gquides v Greate chip level

fuerils ~  Hardening the mem_1riw macroblock —— 1 . 1 R e a d 1 VV rlte I\/I e m O ry 7 7 D 7\\ D \/

Hierarchical chip design Run the low

(with macros) In this section, the process of hardening the macrablock mem_1riw is covered. As these macroblocks First issue

Designing a chip with will be used in the top-level hierarchy some configurations need to be made. Fun the flow again

OpenRAM (sky130) Analyzing the results
e Keep in mind that these designs are not ready for production and are just used to showcase the. ooy o e

Feteence e N capabilies of OpenLane. Demo: Debugging LVS issues due
Additional Material 10 PDN isues

Create the memory macro design

Let us create the design. The following command will create a directory design/mem_1r1w/ and one file
Developer's Guide & config.json that will be mostly empty.

= » N\ >
= AY
2. EEE~7R7A0y 7 2@l ~NT
/flow.tcl -design ./designs/ci/men_iriw -init_design config -add_to_designs O ]
One of the common mistakes people make is copying existing designs, like designs/inverter and then 2 R d 1 V\/ - t R f- | S {‘ AN ) l/
o g ea rite Regfile A3

# Empty newline to force above line to execute

OpenLane Architecture

Authors

Fie Ymw Toob fiedows (ptions Heip
Fit Find Inspact Timing
Display Corbrai .

(Veriloga— K. 7 7 A ILERIR .
FiTavxr KH )

Tiering Rapart an
= Loyers Satnings Upadate
[}
moen
metl
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‘apture Doc  Requied | Amivel  Slatk
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wiad
metd
wiad
mats
et
Falances
Blsckages
L
Roves
Fin Markem ]
Tracks
Mist L
Haat Maps

ENEEEE ¥

e — =1, [IFICHBELRCETHITET T %,
2. TI7—hEIZS

Inspector | Hierarchy Browssr | Timarg Report
Serptig an

TINFD DD Created £42 Nbrary cells =
INFO ODB-02 6] Finkbesd LEF fili jopanianaldesgrasegmin 3rwd
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2024/4/5 Fig. 2 OpenROAD GUI with loaded final DEF file 21
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IT7— 27070y 70DINTA—REERHT-1)

$ more designs/regfile_2riw/runs/full_guide/logs/synthesis/linter.log
%Error-PINNOTFOUND: /openlane/designs/regfile_2riw/src/regfile_2riw.v:39:13: Parameter not found: 'DEPTH_LOGZ2'
39 | mem_1riw #(.DEPTH_LOG2(DEPTH_LOG2), .WIDTH(WIDTH)) lane®(
|
For error description see https://verilator.org/warn/PINNOTFOUND?v=5.018
%Error-PINNOTFOUND: /openlane/designs/regfile_2riw/src/regfile_2riw.v:39:38: Parameter not found: 'WIDTH'
39 | mem_1riw #(.DEPTH_LOG2(DEPTH_LOG2), .WIDTH(WIDTH)) lane®(
| Ao
%Error-PINNOTFOUND: /openlane/designs/regfile_2riw/src/regfile_2riw.v:53:13: Parameter not found: 'DEPTH_LOG2'
53 | mem_1riw #(.DEPTH_LOG2(DEPTH_LOG2), .WIDTH(WIDTH)) lanei(
|
%Error-PINNOTFOUND: /openlane/designs/regfile_2riw/src/regfile_2riw.v:53:38: Parameter not found: 'WIDTH'
53 | mem_1riw #(.DEPTH_LOG2(DEPTH_LOG2), .WIDTH(WIDTH)) lanei(
| Ao
%Error: Exiting due to 4 error(s)

. See the manual at https://verilator.org/verilator_doc.html for more assistance.

s |

2024/4/5
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mem_1riw #( .DEPTH_LOG2(DEPTH_LOG2), .WIDTH(WIDTH)) lane@(

.clk(clk),

.read_addr(rsi_addr),
.read(rsi_read),
[J .read_data(rsi_rdata),

write(write),
.write_addr(write_addr),
.write_data(write_data)

);

mem_1riw #( .DEPTH_LOG2(DEPTH_LOG2), .WIDTH(WIDTH)) lanei(

.clk(clk),

.read_addr(rs2_addr),
.read(rs2_read),
.read_data(rs2_rdata),

write(write),
.write_addr(write_addr),
.write_data(write_data)

);
endmodule
U:--- regfile_2riw.v  All L45 (verilog)

<C-M-print> is undefined

mem_1riw lane®(
.clk(clk),

.read_addr(rsi_addr),
.read(rsi_read),
.read_data(rsi_rdata),

.write(write),
.write_addr(write_addr),
.write_data(write_data)

b H

mem_1riw fUane1(
.clk(clk),

.read_addr(rs2_addr),
.read(rs2_read),
.read_data(rs2_rdata),

.write(write),
.write_addr(write_addr),
.write_data(write_data)

);
endmodule
U:--- regfile_2riw.v  All L54 (verilog)

Wrote /home/masa/OpenLane/designs/regfile_2riw/src/regfile_2riw.v

2024/4/5
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IT57— 479 I0RYIRTZ77ANDRILTLHELT—PFLARIVLEZY M) RN THBZ L ZHERIARL”

S more designs/regfile_2riw/runs/full_guide/logs/synthesis/2-sta.log

OpenSTA 2.4.0 75f2f325b7 Copyright (c) 2023, Parallax Software, Inc.
License GPLv3: GNU GPL version 3 <http://gnu.org/licenses/gpl.html>

This is free software, and you are free to change and redistribute it

under certain conditions; type "show_copying' for details.
This program comes with ABSOLUTELY NO WARRANTY; for details type “show_warranty’.

define_corners Typical
read_liberty -corner Typical /home/masa/.volare/sky130A/libs.ref/sky130_fd_sc_hd/1ib/sky130_fd_sc_hd__tt_©25C_1iv8e.1lib

Using
Using
Using
Using
Using
Using
Using

le-12
1e+03
1le-89
1e+00
le-083
1e-89
1le-06

for
for
for
for
for
for
for

Reading netlist

capacitance...

resistance...

time...

voltage...

current...

power. ..

distance...

' fopenlane/designs/regfile_2riw/runs/full_guide/results/synthesis/regfile_2riw.v'..

Error while reading /openlane/designs/regfile_2riw/bb/mem_1iriw.bb.v:

Make sure that this a gate-level netlist not an RTL file

You can add the following comment '/// sta-blackbox' in the file to skip it and blackbox the modules inside if needed.

30

Error: fopenlane/designs/regfile_2riw/bb/mem_1riw.bb.v line 5, syntax error, unexpected '=', expecting '('

|
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Create the verilog blackbox:

(*blackbox®}

module mem 1rlw (clk, read addr, read, read data, write addr, write, write data);
parameter DEPTH_LOGZ = 43
localparam ELEMENTS = 2**DEPTH_LOGZ;
parameter WIDTH = 32;

input wire clk;
input wire [DEPTH LOG2-1:8] read addr;

input wire read;
output reg [WIDTH-1:8] read_data;

input wire [DEPTH_LOG2-1:@] write_addr;
input wire write;
input wire [WIDTH-1:8] write data;

endmodul e

=]

e EERETT

EbiekG.2E A B,

31
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WME:T77vI9RyIR77ANMELTT— LRIy PR F2ER

IlriwXEU~27070y 7ERFICT— ML RNy FU X MABEIC/ERLESNTWA DT
TRy TRAT7AIILE LT/ EBET

emacs@oseda - o x " emacs@oseda D O O
File Edit Options Buffers Tools JavaScript Help File Edit Options Buffers Tools JavaScript Help
= n E] e save | ¥ \WUndo . [ﬁ @ = n E] e save | ¥ \Undo E [ﬁ @
{ {
"DESIGN_NAME": "regfile_2riw", "DESIGN NAME": "regfile 2riw",
"VERILOG_FILES": "dir::src/*.v", "WERILOG_FILES": "dir::src/*.v",
"CLOCK_PORT": "clk", "CLOCK_PORT": "clk",
"CLOCK_PERIOD": 10.0, "CLOCK_PERIOD": 10.0,
IiFP_PDN_MULTILAYERn; true, ‘ "FP_PDN_MULTILAYER": true,
"FP_ASPECT_RATIO": 2, "FP_ASPECT RATIO": 2,
"EXTRA_LEFS": "/[openlane/designs/ci/mem_iriw/runs/full_guide/results/final/lef/m2 "EXTRA_LEFS": "/openlane/designs/ci/mem 1riw/runs/full guide/results/final/lef/me
sem_1rlw.lef", ) sSem_1rlw.lef",
"EXTRA_GDS_FILES": "/openlane/designs/ci/mem_1riw/runs/full_guide/results/fina® "EXTRA GDS_FILES": "/openlane/designs/ci/mem_1iriw/runs/full guide/results/fina®
%1/gds/mem_1riw.gds", %1/gds/mem_1riw.gds",
"VERILOG_FILES_BLACKBOX": "dir::bb/*.v" "VERILOG_FILES_BLACKBOX": "/openlane/designs/ci/mem_1iriw/runs/full_guide/res®
1 Sults/final/verilog/gl/mem_1riw.v"
Ll
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Flow Complete!
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Mem 1rlw

e RS

EbiekG.2E A B,

regfile 2rlw

KLayout 0.28.2 - regfile_2riw.gds [regfile_2r1w]

KLayout 0.28.2 - mem_Triw.gds [mem_1riw]

File Edit View Bookmarks Display Tools Macros Help

a » [M% &

®

File Edit View Bookmarks Display Tools Macros He

a o (N|$ £, @

Back Select | Move Ruler

Back Select | Move  Ruler
Colls L} mem_1rlw.gds [mem_1rlw] X L} regfile_2r1w.gds [regfile_2r1w]
s o i
ST nards s sread, L Ak
cky130fd_sc_hd_ amﬂb .1 Jead ] atﬂﬁ". SRR Jeait datate ]
s s 3 = : sky130_fd_sc_hd_clkbuf_16
“ Mo , : sky130-fdsc_hd_clkbuf 2
= £ - sky130_f0_sc_hd _clkbuf 4.
Fivn e o Cec sky130.fd_sc_hd_clkbuf 8
Rt i Sky130-0d_sehd—decop 3
= i 3 k1307 I0 s decap s
write. Pl [164] sky336-id-se-hd—decop-6-
e % SRR, 5 i “Shyt30-Hd-se-hd—decop 8
road - S e = = e \\][\5(\15\\] L sky130.1d_sc_hd_diade 2
ﬂf‘%‘s\lﬁ] sky130_fd_sc_hd_dlymetal6s2..
e s R
= i
Bl - 33 - - 5 diesly cky130 fd sc hd_ord L
” T i ]
sky130_fd sc_hd_i read_g tauay Sl
S0 s me 1 o
sky130 fd_sc_hd_muxa L e P
sky130_fd_sc_hd_nand2 2 3 gEATI2) M [17)]
Sky130_fd_sc_hd_nand3_4 ~ e S ERE2 1 f
sky130_fd_sc_hd_mor2b 2 e % o s NEIAY]
sky130 fd s hd_nor3 7 \
sky130_fd_sc_hd_orsb 1 write) . L 2 e yas E ;:\15\
1
read_ 5 s 15£1 :
N 2 ¥
write 3 = N ERRLY
: S ! i = tol a[xza
Levels [0 2 2 B road el o0 = 5N Levels [0 2 3 B
- L Mt E
Uibraries — SINELEY) Uibraries
RC g E H\[14}] RC
A read_: 15) A
B e s s
ELLIPSE rite = e BB ELLIPSE
: priths i . 2 ) o
ROUND_PATH . = E&\[ 19\) ROUND_PATH
ROUND_POLYGON RN s B 1 ROUND_POLYGON
STROKED_BOX 5 e S TROKED_BOX
'STROKED_POLYGON \ - 'STROKED_POLYGON
ST e = 3 Py TEXT
 aa 3 2% a0 4 -
3 _ i EaEeR
- 3 201
Eo = : ~
L l;!e,uit]a[zz]
2 ek
= s 20\
S S A i20\) E—— E——
= o|%|a|a o|%|a|a
A i R23] Layer Toolbox @) Layer Toolbox @ |
& g S = N Color 2
§itEEen s H
| [ heratedathiads 1.5 24T]"] TR fiate dara(20]’
2.um { ¢ st wrrugeeegan) o 2 PTatalzﬂ
T (Default) c xy 11582555 24730870 T (Default) G instancel"sky130_ef sc_hd_decap_12* m0 *1 74060,462400) i regfile_2r1w@1 xy 16157730 68129643
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e HWEFa2 VT4 XTLAHDRISC-V, ZFLPUF[EEE,

Pz B1E

e RISC-V& PUFEIERIZEIEREEHR 7 7 A /L (RTL)
e RBYITERZS L BEAMEESIEC

HWE ¥ 2 Y 7 « [T EIFRIPORFE

Summary

SECHNRET.

e RS

EbiekG.2E A B,

VETIER S, fBMdRES DR

- BRBERREE - LA T U PEKZTE T,

=>VivadoZE-> TCCEENOLRTLEHE L - O RNEBREY 2 — AT SAERINTPERD
EF W, BAERY — /L ERT

PUF> A5 LEITJOE Y O FR

RREATWS
A2-bit T e
RISC-Va7

¢

Chisel@fIESExF A
PUFHIENC A IR
A 243 Jx— ADEN.
AEITREOHIRETT S THE

SERR
32-bit 7 v
RISC-VO 7

RISC-VHO— F
SR ORFEEE

INRIBFPGARN— BAZESE - TlmaTil

5t \PUF [@1 gD 3% 5t

AESHOAE—FEFHELEZ
FLIDERMET FE

AESEFAD Zal —3v
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CEAR
32-bit 7w k
RISC-VO 7 e
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AESE=O7
(Verilog HDL)
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GDSERifER ERT

RISC-V ZEUPUF
Area: 1400um[] Area: 700um[]
# of cells: 28267 # of cells: 6216

RiscV.gds [RiscV] ¥ E AES_NORMAL_ENC.gds [AES_NORMAL_ENC] x
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Summary
e AT Y —XOEEFY FURMSLAT T MERY —ILEZRWTHRT > 7 %AHIE(IC
BBy b U X kD Sskywaterl30nmd L A 7 7 kAR ERE % BiE
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L OGS
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DREEE BT . =
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ALIGN: Analog Layout, Intelligently Generated from Netlists et

= O X

@ © DO [ AuGN:fow—ALGN x  +
<« v d (@] 31  https://align-analoglayout.github.io/ALIGN-public/notes/flow.html A % 02 = % g

!! | i ( i N # » ALIGN: flow View page source

ALIGN: flow

P3N HRF« The ALIGN flow includes the following steps:
_ « Circuit annotation creates a multilevel hierarchical representation of the input netlist. This
| representation is used to implement the circuit layout in using a hierarchical manner. |
« Design rule abstraction creates a compact JSON-format represetation of the design rules in a |
PDK. This repository provides a mock PDK based on a FinFET technology (where the

| B ALIGN: flow parameters are based on published data). These design rules are used to guide the layout and

ensure DRC-correctness.
« Primitive cell generation works with primitives, i.e., blocks the lowest level of design hierarchy,
and generates their layouts. Primitives typically contain a small number of transistor structures
Installation (each of which may be implemented using multiple fins and/or fingers). A parameterized
Introduction by Example instance of a primitive is automatically translated to a GDSII layout in this step.
+ Placement and routing performs block assembly of the hierarchical blocks in the netlist and
routes connections between these blocks, while obeying a set of analog layout constraints. At
the end of this step, the translation of the input SPICE netlist to a GDSII layout is complete.

Inputs

Outputs

Layout viewer
Constraints
PDK abstraction
Cell generator [ = = ALTON Layout Gonerator ]
/ a Input: PDK

Input: Netlist Electrical Primitive Block assembly
Unannotated auto- constraint layout (placement,
netlist annotation generation generation floorplanni

Examples

sa|nJ
uBisaq

Database

Contribute to ALIGN
ALIGN gallery \ ¢ Proprictary ] Machine learning models ] /
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N B =14
e XY vk etc

= AIST SOLUTIONS Thl=®
« Open Source SiliconyEARIIEZES%1IH LIS
« ZEREHO—IRTCAMETEH-AMEEZRAFEFE
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SOLUTIONS

a4 AIST
&>
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Management Area

Chiplgnite> + b LY —E R il

Chiplgnite> ¥ kJL : efablessic &k 2HE> v FL ($9,750)
Caravel/Nx—% X #—7>PDK. Openlaneh b7 3 &1BIE
I —H[EEEDVerilog to GDS, N—FZAADEREBE., T—77 7 b F v 7 EFTIZITED

vIial—vavRIELH S
QFNF v 7'100M&. FFMA— F{T

38 programmable 10's

10 mm2 of User Project Area
-Diagnostic port including IO
configuration and Flash pass-thru

— mprj_io[37:0]

| access for programming

i T User's Project 1= *VexRiscv CPU with debug

| o h | | T aro opiodat ~10 mm? = 3 kbytes of RAM

o — N (2.92mm x 3 52mm) *Flash controller supporting
=== execute-in-place

1l === [} -SPI, UART and GPIO

) ]| -Counter/Timers

I N *128 signal logic analyzer for project
L - —————————-———————_-_\\o-—————— 40
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AES SBOX-like funct

Our design

* 8bit inputs and outputs

e Defines 8bit functions

Input

c
@©
o
i
o
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©
c
o
(@
72]
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P
S
o
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o
=
©
>
()
=
g
c
=
@©
)
=
o
)
=
o
(]

& BGDSERFER (90umd)

—

OpenLanel

MNJLF(H)
//:::::::::::::::::::::::::::::::::::::::::::::::: '&ES SBO}( ENC

F0) =T

BE(E

FrAILF)

[7:0] x,

wWire
output wire [7:0] v);

mocule AES SBOX _ENC
(it

assizn v = s(x[7:01);

015 0 Dou o
= Do~ M= O
SENETE W et
COOOOD O [=aleolesles]

et U o
CAr—COLL  eer—call
oo o Y s oy et
Tooo celoie
[ssls slesles] [eeleolsels ]
[ Sy R L)
M=o oo @ =t Mr—
Eese Ex.oie
[ssle sle sl [eele ks ol ]
o urn LI B I ]
R R ]
o=t o =Tl
Lo o T ) A
Terors ceoc
SOCo ool [saksalaalas]
[ ey ey
| e o R o } oL o
LeTE e

x]
8
=B
g
8

WWWW BN an
—O@EO —h o
T eI T Cece
[exXs oo slenl [sefesleeles)

HE3

itz
k30,
hfe;

:
8
8!
:

[N R O]
Ko=teoly o=l
eSS =
ehhhh b el sl el
HOOOOOOOO [eeiealeslee)
o

function [7:0] s (input [7:0]

SO0 OO OO
[ ]

8°ha3;
8 hf7;
8" heh;
3'h31;

mowowmon
cyco =L
L Lo e
i o o
[eslesieaks ]
ey
=D @O
S CC
[esle sk ske sl
(DR
™owwmom
— L
Lot et Lot Ragl|
o5 ol o i
CSOCOCD 00
[ {0 = —
oo T anl p
i g s
COCO D o0
RO
0w
St g O
Lopet ool oY o]
e
O OO OD 00

8 he3;
8 ha;
3 hel;
8'h7h;

RGO
SO COLL
[asRanlanlon]
oo ei e
OO0 COCO
e =t
o Fam oo J 0]
ol T el
CO OO COCO
oo
RO
o =L LU
COODOD oD
Seveicrc
feslesleake )
I 5 T
L m— =l
CIEE
fe ke ke ale )
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RO
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oy e el e
COOOOD D

87h04;
8'h18;
3 07
8 heb;

8'h30: s
3'h3d: s
8'h38: s
8'hiC: s

8'hla;
3 hal;
8hb3;
8 had;

R
SO GO
B - i -
e ol o e
[salssleales]
U @eg
Coul L T Ol
el T ¥l
OO SO COCD
L L
ORI
o=t LU
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[ssResieslesl
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[ XS a R i
e i o e
(e ke sk s les]
UL L
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—L o
=t =t ~=fr =r
e Folien i
[=eleolesles]

8'h09;
8’h1b;
8 hh2;
8'h29;

8'hd0: s
8'hdd: s
8'hdé: s
8'hdC: s

8 hed;
8 hBh;
3 h39;
3" hef ;
8 hfh;
2 hes;

8'ha3: s
8'Ha7: =
8'HB: =
8'hoF: =
8’63 s

87ho0;
8 hb1;
8" hbe;
3 Hhg;
8" haa;
8°h33;

2'ho2: g
2'hE6: s
8'hoA: s
8'hBE: =
2'h62: s

==8"hd1;
8 hfc;
8" hch;
8 hdc;
578 hef;

8'hh1:
8'hah: s
8'ho9: s
8'hb0: =
8'he1:

87hh3;
8 h20;
8 hba;
8 hda;

87hol: =
8'hhd: s
8'hh8: s
8'hhC: =

=8 hif:
=8 hal;

3'h7: s
8'HEB: =
8'HeF: s

87 h02;
i

=g

h6E: =

2'hi6: s
2'hEA: =

3

2 hdd;
8'hf9;
8"h3c;

heD: =

8'hEb: s
8'heg: =

8

H50;

=8’ hd0;
=8’ hd3;
=8’ hd5;
=8

37h63: s
HEC: s

8'he0: s
8'hed: s

8

8'hat;
=R hfh:

8'hi2: ==8'hd0; 8'h73: s
s=A"h3R:  R'hi7:

ARIR:

5=8"hal;
==8"had:

5=87H51;
==R"hA7:

8'hi:
R'hR

8’ hi0:
R h7d:




10 CTRL

CLK

Original counter circuit example
in a caravel user project

Embedding AES SBOX into the counter example

Chip LA
o

Y

\ 4

Y

32-bit Counter

Y

/O Pads

Change

10 CTRL

CLK

Our design

Chip LA
o

A4

"

—)-> 16-bit counter

Y

Counter_out[15:0]

1 X[7:0] = Counter_out[7:0]
AES

SBOX
Y[7:0]

> /O Pads

e EERETT

EbiekG.2E A B,
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Change points in User_proj_example.v

£

counter_#(

BITS(RITS)
counter(

Lclklelk),
reset(rst),
. ready (wbs_ack o),
validivalid),
.rdata(rdatal,
“wcata(wbs_dat_i[BITS-1:01),

wstrblwstrb)
.\a wrlte(la wrlte)
.‘m ey \. A_ Foo R DITCT\
Il/‘ . count (coum‘[ )
x(x), vly)
I
Endmodule

odule counter #(
( parameter BITS = 18
input clk,
input reset,
input walid,
irput [3:0] wstrh,
imput [BITS-1:0] wdata,
input [BITS-1:0] la_write,
ineut [BITS-1:01 la_ineut,

ou‘[pu‘[ reg ready,
whpb—rag FD1TO1 ﬁ‘\ erlod o

//output reg [BIT5- 1 Uj count
output wire [7:0] %

rez [BITS-1:0] count;

always @(Dosedge clk) begin
it (reset] begin
count <= 17h{;
ready <= 1°b0;
erd else begin,
rea y <= 0;
'l la wrlte) begin
count <= count + 1°b1;

end
|f {valid 82 !ready) begin
ready <= 1'b1;
firdata <= count
rdata <= {x, v}
it Cwstrb[0]) count[7:01 <= wdata[7:0]

end else if ([la_write) begin
count <= la_write & la_irput;
end
end
and

assign x = court[7:0];

AES_SBOX_ENC sbox (.x(x), .v(v));

Endmodule
default _rettvpe wire

assign ret = ( s oenb[65]) 7 |a7datafin[65]! wh_rst_i;

it (wstrb[11) coun‘[[15 8] <= wdata[15:8];

* In counter subcircuit:
* Comment out original “counter” port

* Add “x/y” ports for shox

* |n counter module:

* Comment out original “count” output port

* Add wire type “x/y” output for sbox
* Add register type “count”

* Assign “x” = “count”

* Call shox subcircuit
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Simulation results on a caravel environment

Function definitions in Verilog

code of AES SBOX Simulation results

T TS, T T T, T T T TTT T T - T TTTr T T ||_|_,»-||_|| Lo -TTH

, , , , , , Reading io_ports.hex

8°hI0: s=87hE0;  8TRIT: s=8'h8T; 8ThOZ: s=87hdf: 8h93: 528 hdc; io_ports.hex loaded into memory

8 h34: ==8'h22; §ThI5: s=8 hla; 3ThIB: ==87HA0;  8ThAT: ==87h83; Memory 5 bytes = 0xBf 0x00 0x00 Ox0kh 0x13

8 hd8: 578 hdb; 8 hde: =8’ hee; 8 hdh: 578 hbE; 8 haB: 578 hld; FST info: dumpfile ||:|_r:u:|rts ved opened for output.

8'RIC: ==8"hde; 87HID: ==8'hbe; 8'RIE: ==8"h0b: &7RIF: ==8"hdh; MPRJ-10 state = zz 7z : ZZZ2ZF7FZFZFZZFZ7Z7ZFZ2 22227727 2221222
MPR =T state = dkl Of = zrzzzzzeeozzc=100111111101 100 1zzz71l277

U hAD: ==8 5 hiZ: ME MPRJ-1I0 state = el al : zzzzzzzzzzzzzz1010000011100000zzzz1zz22

: ==8 a =28 h MPRJ-1I0 state = 32 al : zzzzzzzzzzzzzz101000D100110010zzzz21zz2z2

8'hA8: ==8"h 3 ' hah: ==8"h

8'hAC: ==8"H g 8'hiE: ==8"h MPRJ-I0 state = b0 fo @ zzzzzrzzzzzzzz!111110010110000zz2z221z222
WPRJ-I0 state = 54 fd © zzzzzzzzzzzzzz11111101010101002z2221222

8'hBD: =8 he?; 8'HB1: s=8'hcB®; 8'hB2: ==87h37; 8°hB3: =8 héd; WPRJ-10 state = kb fe ; zzzzzzzzzzzzzz I 11111 1101 1zzzz12z22

8'FB4: ==8"h8d; 8°hB5: ==8"hdh; 8'hBE: ==8"hde; 8°HBT: s5=8"hal; MPRJ-I0 state = 16 ff : zzzzzzzzzzzzzz!1111111000010110zzz221z2z22

§'hB3: 5=8"h6c: 8'hBY: ==87h0B; 8'hBA: =78 hfd4; 8'RBB: 58 hea; Monitor: Test 1 Mega- Prl:uect [0 (RTL) Passed

8°hBC: ==8"h65; 8°hBD: ==8"h7a; 8 hBE: ==8"hae; & hBF: s=87H03; io_ports_th.v:208: $finish called at 494862500 (1ps)
my io_ports.vcd RTL-io_ports.ved

8'RCO: ==8"hba; 8°RCT: ==8"h78; 8'hCZ: ==8"h25; 8'hC3: 5=8"hle; rmoio_ports.ywp

8RC4: ==8"hle; 8TRCH: s=8"hah; 8'hCB: ==8"hhd: 87RC7: ==8"hch;

ot T Rl s Lol e o e N Dol Sl i N LT Y o s
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UserfBIDGDS 7 7 1 IVERK

User area gds including our IP

Example counter circuit + our sbox e

KLayout 0.28.2 - user_proj_example.gds [user_proj_example] 8 -
3y Tools Macros Help user_project_wrapper.gds[1] [user_project_wrapper]

S| &

tuler

user_proj_example.gds [user_proj_example] 23

.
o
(e ﬁ’%%f%ﬁ%ﬁ%% |

Gidliziigi ety ﬁfﬁl. i
WO il :g. g _‘-:‘ ’I';,* i
-
el
S e
i

o 7
gy
v

i
(
b

45‘/

o

100 2800000,1760000) 0n 235/4 in user_proj_example@1 xy 227647

2024 / 4 / 5 perfuser_proj_e 30_fd_sc_hd_tapvpwrvgnd_1@1 46




== g ERETT
E b, FE R B,

k3

Chiplgnite> ¥ P VICHEIFTERT—2 Y7 Iy FADE

o e ol * THh v MER

& S © &1 hitps//platform efabless.com a A & M 1= 5 - O
s

etahlessg Projects v Marketplace ¥ Commun ity ¥  Company v  Repositories Jal M . . .
* LinkedIn7#h 7 > FMEE=efabless7h v > bERK

Welcome, Masakazu

M masakazu hioki

* profile & billing/shipping7 F L XiEEA (77 VHHLT
chiplgnite RapidIC . £ay)

#%  Billing & Shipping Addresses

Design Resources

* verification®fT (77VH¥EL7M143>) =¥HATET

DESIGN HOW-TO GETTING STARTED
A guide for building and submitting a design Check out our GitHub Repositories
O o & I kY
LS b YIER

@ - - B — e * Create repository= LR bV {ERK

& (G O hitpsy/repositories.efabless.com/new?_gl=1*4vg921*_gcl_au*MTkeOTgwNzkOLESMTAAMDYzNZY.* ga*ODQzOTE3MTUSESMTAAMDYN... a6 A ¢ [ f= %z - O

* project name, description, privateF = v 7. create
o readme% F x v 7. =>create

Project name

the name of your project
Description E E I 1 1 !
short description of the project y

Project Namespace

* SSH keyfErk & &% (efablessdgit)

* Shuttle® 7= ¥ FJILCI24045%EIR i

2024/4/5




. \ . . R
Chiplgnite> ¥ FNICHBITEZT—2 Y7 Iy bADE T—27y70—F

(im] J ¥ Overview - masa/aisol_chip_1- 7 X [Jr

]
C () hitps;//repositories.efabless.com/masa/aisol_chip_1 as A [u] o= % o

Create ~

Shuttles ~ Platform ~ All Projects My Projects

My Settingi®#iR (779 ¥HLT7A4 )

masa

T]masa/ aisol chip_1 & My Activity

@ Source @ lssues @ © Pull Requests @) L Stats 48 Settings Wiy Serings SS H Keys 7 4 7 = SS h keys ’\o — :/\‘ ‘: *z@_]

My Profile
My Noatifications

masa/ aisol_chip_1 & My Addresses
# Overview

B Files Mam:i:.e:jtebdy masa :i f:::d Frojects D — jJ )b 7 :/ ‘/ T\S S h key{’Fm

Commits aisol test chip 1 My Pull Requests

G Branches l 17 Star n[ @ Unwatch ~ nl & Members - n
Log Out

— I e R—yH Eadd sshkeyZz U v 7 =1k Eni-
Aol chip ] id_rsa.pub®DH %Ky ¥ RIZaAEXR=add,

To interact with this project, please go to 'My Settings' (upper right menu) > 'S5H Keys' and add your S5H key.

If you are starting a brand new project without a local repository, here are the suggested commands:

git clone ssh://git@repositories.efabless.com/masa/aisol_chip_1.git Ij‘ﬂ@ V '1_2: > F I) % D - t )b? :/ y ‘: 7 D — /

cd aisol_chip_1
. do some changes
git push -u origin main

If you already have a local Git repository, initialized with git init, you will need to associate your local repository with the Efabless Repository
remote location. The following commands will add Efabless Repository as a remote repository and push your changes to the main branch.

- 1_ ~S | - A
git remote add origin ssh://git@repositories.efabless.com/masa/aisol_chip_1.git D — / -— v 71 ~ ‘ 7 -7 )b u

git push -u origin main

If you already have a remote repository, for example one on GitHub, use the command below to add another remote Git repo (make sure that

each repo has its unigue ID, e.g. origin, ef-repo in the example below).

git remote add ef-repo ssh://git@repositories.efabless.com/masa/aisel_chip_1.git

git push -u ef-repe main

git add, git commit, git push
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efahless% Projects v Marketplace v ComrtnIy Y Company v Repositories v Actions: Vie\_N | EdiF | Add Project to Another | Remove Project from CI 2404 . .
P P Smimis shue add this project to Cl2404 shuttle
Cl12404  chipignite shuttle service RS Complete ® y
o
Details Summary Projects (70) Announcements (0) Manage My Submissions ® 7 U ? I “/ 7
Filter results... Y
masa/aisol_chip_1 Add another project to Shuttle o jJ }l’T7o U ? — °© ~
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STROKED_POLYGON
TEXT
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D vmware17_ubuntu22_04_4_setup_2024_03.md E3 (V) =

Ubuntu 22.04 LTS v R PZYvITHA R

BFIRR

FRAHOS @ Windows11 22H2
FERY I o7 © VMWare workstation pro 17.02, Ubuntu 22.04.4 LTS

(2024/03) VMWare @ 17.5.1 (ZFRE&N'% GEEE.
VMWare BV >AFRL
RIBT A E DRI LEREICTESR. RETERIF 17 £T3.

F 2 0S4 X—=(C ubuntu-22.04.4-desktop-amd64.iso ZEAL, B4 A F—ILEITD.

A A =R TEIIC [\— P9I PEHASITCX] #HEE, USBOY FO—-SEBCTHEMF2.0 -> 3A~AEETS.  (USB31TRLEFPGAR— Fid & SIS FIES TS RLMEEH % S) . iz, bluetcothdmF T v
IRy DZEHNT.

(VMWare 17 D) F—H—F - Y7 A0 - BECFEEFREDREEITD. JOTYHERDRBLIY Y IOMMUEREL ZF Ty 793, CoEFD, WindowshATUESEEENICRETS.
BB VA —ILEER, YA b—)LEPTE—AR-F - O JLBE - I-VRELSTONENSS. A8, BRE- 2R F—ILICLOvmtoolsd- R =)L HE T LS DPRRERBHN TN 3.
S > A b—JLEODRTE

FPYITF—bRENYT—IOY—/)\EE

774 FTRERGOY—/NICHESNTNS.

(2024/03 I87%) Settings — About — Software Update /-1 7077 — Ubuntu Software¥ J®Download from TPy J5— MR EIwar— oY — ) (R EETEEH, BEORTEANSTE. 20.04 £BRD, SS5—4H—/@
B3R TS build-essential 2 &/ W T —SOBEESEICRENED, A VA R—ILTERVRRENES.

Window> X5 ADRTE

Ubuntu 22.04 Tl& Window X7 AM Wayland T& D, X window ZAFAEMBERECLD gtk 12 Xilin vivado OFRRICFRESHELZTENED, ZOHESEE Window 227 A% xorg [CEET |
2. /etc/gdm3/custom.conf 77 AILDFROATOIAX Y PO FERTZETEETES.

#Way landEnable=false

EitE)i#, Settings — About (ZT Window A7 LA X11 [CEESN TV R T ERERTES.
F—ZFILOXFEDE

H—ZF)Lr > @ Preferences 145 (Profile)Unnamed #3&{R L, Colors%J(C TPalette/Built-in schemes® BR3¢ TERETE3.

20.04 LTS ¢EHOERF Tango ZERTZCETHRETES.
BASESE
Settings — Region & Language — Japanese Fi&ERTE. 2, A YA F—ILENTLWEEBEOEETHRL, ERBICENZEN/ VA H—)LEIT.

20.04 £tbR, AZa1-ORFEECY-IFILOTA Y FORENRES. TIT, AREANRED/ (YT —SHBALTALLWEDICHETS.  (2024/03) FREOFTHRICA VA F—ILENTVR/ Y T—S553.

sudo apt install languaze-pack-ja-base

sudo apt install| task-japanese-gnome-desktop
sudo apt install languaze-pack-znome-ja-base
sudo apt install fonts-noto-cik-extra

sudo apt install fonts-takao

BEE%, Y—ZFILOBE - JOITFA) = XF LT Ta 2 PEBEF Iy IRy IREFTvIL, T#2 bE%Ubuntu Monod §3 & T20.04(0EVVY— S HILRRERS.
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D vmware17_ubuntu22_04_4_setup_2024_03.md E3 (V)

EBMOBAEIA> b

Ubuntulc THIAZNTLWBEEAE I A >~ & LT, Noto Sans CIK (Google), Source han code CIK (Adobe), takao (IPASRE) REFEFENS. BIEBE20.04[0ELWRRELT, ¥—=FH)LTlEUbuntu Mono (Google) ,
Visual Studio CodeT(3Source hans code CIK (Adobe) B3 & & LE.

BT A > ELT, Source han code CIK(Adobe, [EOBI v 2)2EAT 3.

BATIZ, font-managerzFIET 3.

sudo ant install Font-nanager

Source han code CIKI7 > FEEATS.

cd Downloads
weet https://github.con/adobe-fonts/source-han-code-ip/releases/download/2.012R/SourceHanCodeJP . tic
font-nanager

font-manager L TAdd fonts T+] &4 1w, SourceHanCodelP.ttcZiBIRT 3.

72d5, font-manager(iC T > MEEIRL, Properties®ZRI 2T ETIA > MEBUHIEOERINHETES.
HEITAIWFHE

VM vy RO L, VMware —)L EOEE JA )LYEFERTS. BilEEE, /mnt/hofs TA IS FCHEIAILATRNRNESE, FTROEERTS. <br> 28
https://sakimika.hateblo.jp/entry/2022/02/24/153940

YO FLTWRWLE, W)L EREESNTVANER. FRLIY RTRETAILSYTRRENS.
vmware-hefsclient
N AR Y MR~ BB I AN IS RET

sudo nkdir funt/hefs
sudo Jusr/bindvnhgfs-fuse .host:/ /unt/hgfs -o subtype=vmhgfs-fuse,allow_other

FRFIRCEDHEBI ALY /mnt/hgfs/(TAIINASE) CFITCATERLDICRBN, BESHT S E vmhgfs-fuse IV FEETUETRENEGS. <BR> BCHEIAINAFETIL TBICIE, FEOITE /etc/fstab (CIIZ 2.

-hast i/ /nnt/hefs fuse.vnhefs-fuse allow_other,auto_unmount,defaults 0 0

htop, emacs, visual studio code EA

htop, emacs

sudo apt install htop
sudo apt install emacs

visual studio code

sudo apt install weel zpe

wget -g0- hitps://packages.microsoft .com/keys/microsoft .asc | gpg --dearmor > packages.microsoft.gpg

sudo install -D -o root -g root -w B44 packages.microsoft.gee Jetc/apt/keyrings/packazes.nicrosoft.zpe

sudo sh -c ‘echo “deb [arch=amdB4,arnB4,arnhf signed-by=/etc/apt /keyrings/packages.nicrosoft.gpgl htips://packages.microsoft.con/repos/code stable main” > Jetc/apt/sources.list.d/vscode.list’
rm -f packages.microsoft.zpg

sudo apt install apt-transport-https

sudo apt update

sudo apt install code

TOMEEERE

guiiglz

RARRISEERCGUINT S Ef 53188, ubuntu-desktop) (Y 7 — M+ YA F—JLCEDERT BT ENHS. (LRSS FUOYD>O-BY—)(ZEELLECRREMRE 3 TENfREENTVS)
sudo apt install --reinstall ubuntu-deskiop

VMWare [CT USBF/\1 AR TERNEE

vmx 7 AL S FROTEERT 3. [5%)

ush.restrictions.defaultdllow = “FALSE™
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D vmware17_ubuntu22_04_4_setup_2024_03.md E3 (V) =

VM ZZ W RIS, VMware —)L EDRE T LY RIE BiEg, /mnt/hafs TA WA TICEEIAILITBRNRVESE, TEORERITD. <br> 28
https://sakimika.hateblo.jp/entry/2022/02/24/153940

IO FLTWERLE, W—LEEESEN TWLBHER. Taavwy RTHEIAIINRRENS.
vmware-hefsclient
N AR Y MR~ BB I AN IS RET

sudo nkdir /mnt/hefs
sudo Jusr/bindynhefs-fuse .host:/ Junt/hefs -o subtypeswnhzfs-fuse,allow_other

ERFIBCEDEF I ALY /mnt/hgfs/(TAIINAE) (CTFICATERLDICRDH, BEFHTSE vmhgfs-fuse IV FEFEITUEILENSGS. <BR> BICHEBEIAINSEYI NI BICIE, FiLdiTx /etc/fstab ([CHIRS.

.host i/ fmnt/hefs fuse.vnhgfs-fuse allow_other,auto_unmount ,defaults 0 0
htop, emacs, visual studio code &EA

htop, emacs

sudo apt install htop
sudo apt install emacs

visual studio code

sudo apt install weel zpg

weet -a0- hitps://packazes.nicrosoft.com/keys/microsoft .asc | epz —-dearmor > packages.microsoft. gpg

sudo instal| -D -g root -g root -m Bd4 packages.microsoft.epg /etc/apt/keyrings/packages.microsoft.g

sudo sh -t “echo “deb [arch amdBd,arde,armhf signed-by=/etc/apt /keyrings/packages.nicrosoft gzl htlps /fpackages .microsoft.con/repos/code stable main™ > fetc/apt/sources.|ist.d/vscode.list’
rn -f packages.microsoft .g

sudo apt install apt—transport—hltps

sudo apt update

sudo apt install code

EDMEBTELRE

guiigiR

{RBERERERCGUIN IS LA B LES, ubuntu-desktop) Sy 7 — M- YA F—JLICEDERTZT A B3, (LA FUGIEYO— BY—/(EEE LEBECABAT RO 30 EIBREENTLS)
sudo apt install --reinstall ubuntu-desktop

VMWare [T USBF/\A A EHETERNEE
vmx TP AILDS FROTEBETS.
ush.restrictions.defaultdllow = "FALSE”
TANSEEFREA

LANG=C xdg-user-dirs-gtk-update

I ZADHA —ILZBNS

OS2I —LEFECimwheel ZFIA T 3.

sudo apt install imwheel

imwheelZEi{T95&, H—EXELTHETS.

inwhesl

AOO—)LEEEGF ~/.imwheelrc ZIRET 3. HBEEWFCHETHAET 2.

Mone, Up,  Euttond, 4
Mone, Down, Buttond,

.imwheelrcaBEEDR B

inwhesl -k

e EERETT
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»

OpenLane €y 7w I HA K (202451 A4R)

(2024/0147) efabless #t chipignite H— P ZAZFRALEFv IERZEIET.
EFRIR
EFERIE © Windows11 22H2, VMWare workstation pro 17.0.2, Ubuntu 22.04.3 LTS

#RY I 2T : OpenlLane 2024.01.12

202 45 1A, OpenlanelFERICBHENTSD, BATENZOFTHRTEAVSELEFEENS.
BEN\YIT—SDEA

sudo apt-gzet update

sudo apt-zet upzrade

sudo apt-get install build-essential pvthon3 python3-venv python3-pip make zit
pythond -m pip install pyvanl click

Docker-ce, community edition W& A

docker (3 BEOBBHARELD CLI #8A 935, (docker desktop(dEE)
2024F185R7E, EBDDockerT I OHFDEINFTEFRBFT A FOATED, TE5E2ET3.
AFIERR : https://docs.docker.com/engine/install/ubuntu/

=7, DockerdEE%ERTT 2. ca-certificates EABCTS—R2ERETSESE, sudo apt autoremove FETT 5.

sudo apt-gzet update

sudo apt-get install ca-certificates cur

sudo install -m 0753 -d Jetc/apt/kevrings

sudo curl -fsSL httes://download.docker .com/| inun/ubuntufepe -o Jetc/apt Aeyrings/docker.asc
sudo chmod atr Jetc/apt/kevrings/docker.asc

DFIC, Dockerd AT FUERET .

echo “deb [arch=§(dokg ——print-architecture) signed-hy=/etc/apt kevrings/dacker.asc] https://download.docker.com/linux/ubuntu §0. Jfetc/os-release && echo "SYERSION_CODENAME™) stahle™ | sudo tee fetc/apt/sources.list.d/docker.list > /dev/nul
sudo apt-gzet update

T2o2m-A YA R=ILETD.
sudo apt-get install docker-ce docker-ce-cli containerd.io docker-buildx-plugin docker-compose-plugin
dockerENEREEEFITS.

sudo docker run hello-world

O—AJ)LetE CdockerZ I —HERICE DEMFSH B W|E

DI~ docker (CLI—HRBHFELTI-ERTETTESLDCEETS. 28, helo-world EITEHCHEENMERENAVESIBEHT3.

sudo groupadd docker
sudo usernod -aG docker ${USER}
docker run hello-vworld

Z85 . https://www.digitalocean.com/community/tutorials/how-to-install-and-use-docker-on-ubuntu-20-04 v

e BT

EbiekG.2E A B,
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ﬁ ubuntu22_openlane_1st_setup_2024_01a.md FL% =

docker@EEREREITD.

sudo docker run hello-warld

O—H)LatE#Tdockerz 1—HERICE D EES 35T

FIL— docker [C1—HZEHEUTI—HERTETTCE=3LDCERETS. B, hello-world ETRICEENERSNRVESIEREHT 3.

sudn groupadd docker
sudo usermod -aG docker ${USER}
docker run hello-world

28 :  https://www.digitalocean.com/community/tutorials/how-to-install-and-use-docker-on-ubuntu-20-04
DockerEAD S IN>a1—F4 >
SISV T—SROEBNEETT S S, apt EITEIC MEHERESNTUVET] BERRTNA YA - ETEIRIRESZ3.

i, /etc/apt/sources.list.d/ TSy —RlAEEL TSz, grep fetc/apt/sources.list.d/* docker iR EETURRECESRRSNEIBAE, SE0 *.list i'Sdockeri2Eiz 4] TAXAYFFIHIECETOET
=3.

DockerBAD ST 1—F1 202

BAEEIRODocker/ (- 23 19 ERNA 2 A H—)LFET(E, GPCOARENENTEZIAESTLELZTENSS. CoBs, TREOFIECLDdockerT>E Y, LR FUDEIRICLNEET 2.

sudo apt-get remove docker docker-engine docker.io containerd runc
sudo apt remove docker-ce
sudo apt autoremove

sudo rm Jetc/apt/sources. list.d/archive_uri-https_download_docker _com_|inux_ubuntu-jammy.|ist
suda rm Setcsapt/sources. list.dfarchive_uri-https_download_docker_com_| inux_ubuntu-jamny.|ist.save

OpenLane &{& (dockerd>77F)

HAZARZNZ, gt TlEdepthiCTRFOIZ Y FERMET IECEET 3.

git clone --depth 1 https://github.con/The-OpenROAD-Project /Openlans.git
:dkOFenLaﬂe
nake

EEF A . designs/spm/runs/openlane_test_results FIcF X FEBEALIL FENS.

nake test

VMODISPLAYEREZE
OpenlLane® T FALEIZ 2 U T -make mountTlz, hostry FOI—O0FIHENS. COESE, XwindowDGUIZERT 2 S ENTERVEEN'ES.
(F5 < Windows_tMVMwaremig4:, Microsoft DefenderlcTJOv 2N TWVWE)

Zizsh, Makefile (D344TDOCKER_OPTIONSIZ T, --network host&--network bridge(ZZEET 2.
DOCKER_OPTIONS += -e DISPLAY=$CDISPLAY) -v ftmp/.X1T-unix:/tmp/ X11-unix -v $CHOME)/.Xautharity:/root/.Xauthority --netwark bridge --security-opt seccomp=unconfined

Ei(c, make test [CTERULOBZERRSE, FU{ERSNBCEAERT 3.

make mount

klayout -e -nn $PDK_ROOT/sky1304/1 ibs.tech/klayout /lech/sky 1304, Iyt ¥
~| $PDK_ROOT/sky1304/ 1 ibs.tech/klavout FAech/sky 304, lvp ¥
-/designs/spn/runs/openlane_test/results/final/gds/spm. gds

4
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Caravel_trial_1st_mpw-9g_2024_03.md E3 (V) =

Chipignite v J¥e&(CAIT7z, Caravel @A (mpw-99g)

(2024/03kR) efabless #t chipignite b—EX&FHALEF v TFE%=EIET.
Fy IEET—S0ERTE, HE5NCHBESNEZIOYS - Uy FERTION Y I - SIFEREHE LE Caravel \—R2AEFBLT 3T ETT DRI EBOBAOHFINTEZZTEEENS.
Caravel J\— (3 efabless #HMBREEN2H, chipignite Bt IZefabless~DBENNEELR S, Fv MrEAICFIROBROFEICIENSTZY, A—T>V—2D OpenMPW O x4 HE® Caravel ZHAT 3.

Caravel Ot > 7ILT7OS o HTRlitex® 75 & LIZEBRAMERES TS, 2024/03R7E, - bLUls Zal—< s VASELBVFEEN'BE.

efablessit :  https://efabless.com
1 —HEiF4sEiCaravel/\—32: https://github.com/efabless/caravel_user_project

HAEECEZINDEESR .  https://visi.jp/OpenMPW.html
ENFIRIR

FIRtE © Windows11 22H2, VMWare workstation pro 17.0.2, Ubuntu 22.04.4 LTS

ZEI1L—23TEAS<ATUZETIAICEE. (B2 T)LT 10GB~ 12E)
Caravel & Caravel [ElJ OpenLane - PDK Qv bPwr
BNV —TDEA

sudo apt-get update

sudo apt-zel upzrade

sudo apt-get install build-essential pythond python3-venv python3-pip
sudo apt-get install make zit

prthon3 -n pip install pyyaml click

Docker-ce, community edition W& A

docker (3 BEOBREARAER CLL ZAWS.  (docker desktopl3E(E)
TREARNOFIEZEHLTVS.

233 ¢ https://docs.docker.com/engine/install/ubuntu/

FY, MBI —DENRERERETS.

sudo apt-get update

sudo apt-get install ca-certificates curl

sudo install -m 0755 -d /etc/apt keyrings

sudo curl -fsSL hitps://dounload.docker.con/| inux/ubuntu/epe -o Jetc/apt /keyrines/docker.asc
sudo chnod atr /etc/apt /keyrings/docker.asc

REROUMRD FUREEL, docker &4 > A —ILT 3.

echo “deb [arch=$(dpke --print-architecture) sizned-hy=/etc/apt /keyrinzs/docker.asc] hitps://download.docker .com/| inux/ubuntu $(. /etc/os-release & echo "$WERSION_CODENAME™) stahle” | sude tee fetc/apt/sources.list.d/docker.list » Adev/null
sudo apt-get install docker-ce

docker OENFREZEITD.

sudo docker run hello-world

O—HJLEtEi% Tdocker® 1—UHERICEDEIfEEES

) —F docker C1—HEBRULTI—HERTETTZZLDCHETS.

Eg
it

sudo groupadd docker
sudo usernod -aG docker §{USER}

THER MMA TR R TRERN LTI RS T PSS B S IR 2
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Caravel_trial_1st_mpw-9g_2024_03.md

BiLg® (OJ7ohTea) LEEERBEE, 1-ERTOFERRI 3.

800

w docker run hello-world

https://www.digitalocean.com/community/tutorials/how-to-install-and-use-docker-on-ubuntu-20-04

Caravel f > A b—ILI A LS DR

- AFIETE, FRET« L7 bUBRICTT > A R—ILETS.

S SHONE/
OneDrive |-- Caravel _mpw-9g/
—— caravel _mpw-9g/
-- dependencies/
* -- openlane_src/
AIST Search - ks
-- mpw-9g_precheck/
setenv.sh

Caravel (mpw-9g) - Lo FUZR{ER T 3.

mked [ Caravel_mpw-92
cd Caravel_mpw-8g

Caravel \—RADIN\VIT—IBA LY RPYT

git LAz FUSS mpw-9g O DE0EIO—2T 3.
2it clone -h mpw-82 https://eithub.con/efahless/caravel user_project.git caravel _mpw-9g
EDADRBEIRED IV AILEERTS.  (setenv.sh&e WS TTAILEETB)

export OPENLANE_ROOT=$HOME /Caravel mpw-92/dependencies/openlane_src
export PDK ROOT $HOME/Garave\ _mpu-8z/dependences/pdks

expart PDEZskyl

export GARAVEL ROOTT FHOME /Carave| _mpw-9f /carave | _npw-9g/carave |

=details><summary>20< > PS40 2B 77 ILEER T 2HE</summary>

touch setenv.sh

echo “export OPENLANE ROOT=¥3HOME/Carave| _npw-9g/dependencies/openlane_src” | tee -a setenv.sh
echo “export PDK_ROOT=¥$HOME/Caravel mpw- Elg/de;aendencwesfpdks | tee -a setenw.sh

echo “export PDKZsky130A” | tee -a setenv

echo “export CARAWEL_ROOTT= ¥$HOME/Garave\ mpw 9f /carave| _mpw-92/caravel” | tee -a setenv.sh

</details>

<br> I, BEEHOFE, dependencies T L7 FUERFRTS.

source selenv.sh
nkdir dependencies
cd caravel _mpw-9g

mpw_precheck @ 2 —JL I A A EEE $ 528 Makefile (0 PRECHECK 4T#{EIE9 3.

# PRECHECK_ROOT?=% {HOME } /mpw_precheck
PRECHECK_ROOT?=$ {HOME } /Caravel _mpw-92/mpu-82_precheck

vy rPYITESFTS.

make setup
CaravellRiEIC LB EILR

LA U CESEENTVWES T Y TILEBFEILEL, 1-HERE Caravel #E0E—E0OCIL FFIEFRRET 3. 16, 1-YEB/ CaravelFZAREBOEILEC 1~ 2BHREET 3

FT, U2 7ILERTIE GPIO OB ABOBEDRMR (verilog/rtl/user_define.v) DIEE%4T3. EFIETE, 2TOE 2 (ZDWT FEMEDGPIO_MODE_INVALID % GPIO_MODE_MGMT_STD_QUTPUT (IEET 3.

“define USER_CONFIG_GPI “GPIO_MODE_MGHT_STD_OUTPUT
“define USER_CONFIG_GPI "GPTO_MODE_MGMT STD_OUTPUT
“define USER_CONFIG_GPI GPTO_MODE_MGMT _STD_QUTPUT
“define USER_CONFIG_GPI "GPTO_MODE_MGMT STD_OUTPUT
“define USER_GONFIG GPI GPTO_MODE_MGMT _STD_QUTPUT
“define USER_CONFIG_GPI CGPTO_MODE_MGMT_STD _OUTPUT
“define USER_CONFIG_GPI GPTO_MODE_MGMT _STD_QUTPUT

“define USER_CONFI "GPTO_MODE_MGMT STD_OUTPUT
“define USER_CONFIG_GPIO_I3_INIT "GPIO_MODE_MGMT_STD_OUTPUT

29,
o)
=

47 ot igurat lons of 810,14 to 24 are used on cerayel but not caravan.

e EERETT

EbiekG.2E A B,
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LA U CEBSEESNTVWS T Y TILEBFEILEL, 1-HERE Caravel #E0E—E0OCIL FFIEFRRET 3. 16, 1-YEB/ CaravelFZAREBOEILEC 1~ 2BBREET 3

F7, U2 FILEBTE GPIO OBRREABOIEDRER

“define USER_CONFIG_GP
“def ine USER_CONFIGTGP
‘define USER_CONFIG_GP
“define USER_CONFIG_GP
.define USER “CONFIGTGP

=y

o
=3

£

=
=
m
=i
=
f=t=1
=
=T
&
o
%5

“define USER_CONFIG_GPI
“def ine USER_CONFIGTGPIOTZ
“define USER_CONFIG_GPIO_22_[NIT

“def ine USER_CONFIGTGPIOZ3"INIT
“define USER_CONFIG_GPIO_24_INIT

“define USER_CONFIG_GPIO_25_INIT

“define USER_CONFIG_GPIO_26_[NIT
“def ine USER_CONFIGTGPIOZ7_INIT
“define USER_CONFIG_GPIO_28_[NIT
“def ine USER_CONFIGTGPIO
“define USER_CONFIG_GPI
“define USER_CONFIGTGPI
“define USER_CONFIG_GPI
“def ine USER_CONFIGTGPIO
“define USER_CONFIG_GPIO
“def ine USER_CONFIGTGPIO
“define USER_CONFIG_GPIO 3
“def ine USER_CONFIGTGPIOTS

oo !

eolenlealeslcalesnal

i)
0
1
2
3
4
1
6
7

NIT
NIT
NIT
NIT
NIT
NIT
NIT
NIT
NIT

“GPIO_MODE_MGHT_STD_OUTPUT
"GPTO_MODE_MGMT STD_OUTPUT
"GPTO_MODE WGHT _STD_OUTPUT
GPTO_MODE_MGMT _STD_QUTPUT
"GPTO_MODE_MGMT STD_OUTPUT
GPIO_MODE_MGMT _STD_QUTPUT
"GPTO_MODE_MGMT STD_OUTPUT
GPTO_MODE_MGMT _STD_QUTPUT
"GPTO_MODE_MGMT_STD_OUTPUT

“GPIO_MODE_MGHT_STD_OUTPUT

"GPTO_MODE_MGMTSTD_OUTPUT
GPTO_MODE_MGMT _STD_QUTPUT
"GPTO_MODE_MGMT STD_OUTPUT
GPTO_MODE_MGMT _STD_QUTPUT
"GPTO_MODE_MGMT STD_OUTPUT
GPTO_MODE_MGMT _STD_QUTPUT
"GPTO_MODE_MGMT STD_OUTPUT
GPTO_MODE_MGMT _STD_QUTPUT
"GPTO_MODE_MGMT STD_OUTPUT

GPTO_MODE MGHT _STD_OUTPUT

CGPTO_MODE_MGMT_STD_OUTPUT
GPTO_MODE_MGMT _STD_QUTPUT
"GPTO_MODE_MGMT STD_OUTPUT
GPTO_MODE_MGMT _STD_QUTPUT
CGPTO_MODE_MGMT_STD _OUTPUT
GPTO_MODE_MGMT _STD_QUTPUT
CGPTO_MODE_MGMT_STD _OUTPUT
GPTO_MODE_MGMT _STD_QUTPUT
"GPTO_MODE_MGMT STD_OUTPUT
GPTO_MODE_MGMT _STD_QUTPUT
"GPTO_MODE_MGMT STD_OUTPUT
GPTO_MODE_MGMT _STD_QUTPUT
"GPTO_MODE_MGMT ZSTD_OUTPUT

24 are used on caravel but not caravan.

E=#Z7%, Caravel_mpw-9g/caravel_mpw-9g 7« Lo FUICTEEIL, EILFEETTS.

make user_proj_example
make user_project_wrapper

—REFRFENTEILEDRINT S ¢, gdsT4 L4 TFIC user_progect wrapper.gds 77 )L ENS.

THAL>OO-HILFIVI

FHA L F IV IOTRF v TEEDTREEDE

SN ERENG. fIXE, T4 >0 README.md ORBEHNEFHICOVTEFTVIETNDE. O-AILFTvIICEETSED, READMEmdE FREORBICESHRRS. 1, To

MEFREUEEETREADME bak R EELTAYSHIILDIFAILERELEZRS, FTyITII— I RESNIHEE.

This project is minimally modified to mpw-8c caravel template
411 of 38-bit 105 are set ta OUTRUT.

The function is 32-hit counter.

THAF TV IORETY b Ty T ~FETEITD. run-precheck (3 1 BEBEENDS.

nake precheck
make run-precheck

FTHA Y F IV OTIS—IRESNBVT ERRRT 3. U EOFIBECLOY > TILI-FFTHA > DEIL F~Caravel B 2= H 1 » O F~ENF T v IETTEZTEFERBTES.

Caravel®DJ 7 1 JLiEE

- gds/ : GDSII D71 ILIEREN3
- openlane/ : OpenLANEMEFE 7 7 1)L

sverilog/dv/ 1 2 Za2l—232ETARRLFRAIZAIL

- verilog/rtl/ : A—HFH A > dverilag 77 )L

2T LU RUOHBAETREESR

DockerBAMD S TN 1—F+ >0

I T —LROBIEETY 5, apt ETEIC MEREE

https://caravel-harness.readthedocs.io/en/latest/getting-started. html#required-directory-structure

EENTWET ] BERRENA VA —LRETERVRES RS,

iz, /etc/apt/sources.list.d/ T/ v ar—TEmh' @B L TWB TN EREEZSNS. grep fetc/apt/sources.list.d/* docker &HELIEECEHOITNRERENZESF/ (v r—IRn 8B LTED

Sdockerigdi® [#] TIAAI OIS

CETHERTES.

il GRS @Elf'gﬁ

EbiekG.2E A B,

(verilog/rtl/user_define.v) MIEFE47>. FFIETH, £TOE 2 (CDWT FEHEOGPIO_MODE_INVALID % GPIO_MODE_MGMT_STD_QUTPUT (ZIBTFT 5.

, BETB *list o 61
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$
0 Caravel_trial_2nd_mpw-9g_2023_12.md 5[V o - @EI’MH

EbiekG.2E A B,

Chipignite Fv 'R I(CElF/z, Caravel ZBVWEEEOD> =1L —23> (mpw-99)

(2023/12h%) efabless #f chipignite B —E Z&FHA LT v TFE%=EEY.
Fv IHEET —S0ERTE, ESMNCHAESINEZIOVY - Uty FERPIO/ Y B - HIfIEEEHES UL Caravel \—RAZFBLT R ETTSYIILABOBRTOFINTE3FTEE2BLS.

ERFaAL TR, [Caravel $A 1st (mpw-9g)] Ot w F7wF#IC, CaravelZBULWESSalL—2a>0FIERRT.

efablessit :  https://efabless.com
1 —HEiF4iCaravel/\—3: https://github.com/efabless/caravel_user_project

BFESICLZIMDBER . https://visi.jp/OpenMPW.html
ENFIRIR

FiRtE : Windows11 22H2, VMWare workstation pro 17.0.2, Ubuntu 22.04.3 LTS

2E2L—L3 TRASATUZBIZSICEE. (U2 TILT 10GB~ i2E)

Caravel AL DR

SHOME/
|-- Caravel _mpw-9g/
- caravel_mpw-8g/
-~ dependencies/
|—— openlane _sre/

- lipw- Engnrecheck/
setenv.sh

Caravel IRIBODEE

BREHERET 3.

cd Caravel _mpw-8g/caravel _npu-8g
source ../Setenv.sh

>Za1Lb—23 VRIBORE

Zal—i3>Adockerdy 77, BEERY I OIFZEATE.

%G

nake simeny
sudo apt-get install gtkwave

Caravel (mpw-9¢g) >=1L—>3 > E8ICDNT

Caravel > FILEEETIZE, GPIO + wishbone/CZ « logic analyzer ZNENEFTREL, rtl - F— bLAUL  BEERMAZS— FLALOBAR T Z1L—23 0 TES.

Lzal—2a iR FROBERE, make AT 3 ICT verify-(23ab—2 3281 R)-(AR) ELTIEET 3.
GPIODRTL>=1L—>3>

I—HEEE (HD9) OEF1-—SHOCRBRENSMEEZITD
make wverify-io_ports-rtl
FROLDEC, I0CADYENRRENTVNSHEFES 2L~ a3V (CTHIBTES.

vvp  lo_ports.yep
Reading io_ports.hex 62
io_ports.hex loaded into memory

Memory 5§ bytes = DxBf 0x00 0x00 0x0b 0x13

FST mfa dumpf\le mJnorts wed opened for output. v
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$
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EbiekG.2E A B,

cd Laravel mpw-dg/caravel _npw-dg a
source ../Setenv.sh

=1 b—3> 3 RIBOME
2Eal—33>Adockerd>T 7, BERRY IO FEEATS.

nake simeny
sudo apt-get install gtkwave

Caravel (mpw-9¢g) =1L —>3 > 8ICDNT

Caravel > FILEEETIE, GPIO + wishbone/CZ « logic analyzer ZNENEFTREL, rtl - F— bLAUL « BREERMAES— FL~ULOBR TS

Lzal—2adR  FROBERE, make AT 3ICT verify-(23ab—2 3281 R)-(AR) ELTIEET 3.
GPIOMRTL>=1L—

I—HEEE (HD9) OEF1-—SHOCRBRENSMEEZITD
make wverify-io_ports-rtl
FROLDC, I0CADVYENRRENTNSHEFES 2L~ a3V (CTHIBTES.

vvp  lo_ports.yep

Reading io_ports.hex

io_ports.hex loaded into memory

Memory 5§ bytes = DxBf 0x00 0x00 0x0b 0x13

FST info: dumpfile fo_ports.ved opened for outeut.

MPRJ-I0 state = zzzzlzzz
MPRJ-I0 state = zzzzlzz(
MPRJ-TI0 state = zzzz1z00
MPRJ-I0 state = 01001111
MPRJ-TI0 state = 01010000
MPRJ-I0 state = 01010001
MPRJ-I0 state = 01010010
WPRJ-I0 state = 01010011
MPRJ-I0 state = 11111011
MPRJ-I0 state = 11111100
MPRJ-I0 state = 11111101
MPRJ-I0 state = 11111110
MPRJ-TI0 state = 11111111
Monitor: Test 1 Mega-Project 10 (RTL) Passed

io_ports_th.v:182: $finish called at 380462500 (1ps)
mv fo_ports.ved RTL-io_ports.ved
rm io_ports.vep

EnEiRZ(E, verilog/dv/io_ports/RTL-io_ports.ved ([CREEFESNS.
gtkwavel— K DEWERFEHERT & &, S4LF 350us #ICmpri_ion I > AOEFRBENT NS BFHIRETES.

gtkwave verilog/dv/io_ports/RTL-io_ports.ved

BEIE@OSSTRMIo_ports_th#®BIRL, Type/Signals ICERRENBES clock, mpri_io 4 &E5ER L TAppend/ive 2B L, Txd BSignals~B873. |

Caravel CIZEHERISC-VIPICLDIOR EBEN R ENEN, I0REETIS0HEEETSEESNS.
TOMD=1L—>3>IEDNT

F— UL 21 —332(32023/12REOMpW-9gTIRET TSR, BBELT, 222l —3>ZTOFIRETFRIORTH, Caraveld/\—RABRTEFT I ZTENEIHEER. (Fz, mpw-9cTE>Ialb—3>E
TR TH O BENS, BIE - EHICLDSEEEIN S E#flaN2)

-MakefileﬁJ(J)CARAVEL LTE?=1%DICERE L, make setug A BUET (caravel PEE Y —ILOANEL?

- make user_project_wrapper ETIC L UGEST 7 A LAY iﬁ‘ighé & % 5T

- make precheck [CEWF = o DHEFER

- make werify_io_ports-rt| |4 v Sh{EGEET .

(L ECearave | EANBACHEEICE )L FUEZ - L #8E, UT, A= kL2 2a =2 2 OFIE
- RELY GARAVEL ROOT %E%E- export CARBVEL RDOT= FHOME /Caravel mpw Af fcarave | _npw-3f fcarave |

s Eal— WH 37 A JLOER caravel /script /gen_gpio_defaulls

-ver\lugf’g\ L,l"FI._ caravel o

ore.v 2 egplo_devaults_hlock xxs.v i)‘iﬁ‘ighfé & ETRER
-verwlng/lm: des/includes.zl .caravel _user_project ZiRE

v §(USER PROJEGT _VERILOG) /21 fcarave] :ore v
(D(gﬁn gpio_defaults_block xexe.v %238
-v B(USER_PROJEGT_VERILOG) /2l /gpin_defaults block 0403,
-w $(USER_PROJECT WERILOG) /2| /zpio_defaults_hlock 0801.
-v $CUSER_PROJEGT WERILOG) /¢l /zpin _defaults hlock 803,
-w $(USER_PROJECT_WERILOG) /2| /zpio_defaults_hlock_1808.
- make werify_io_ports-gl #ZEfT

63
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[ cCaravel_trial_3rd_mpw-9g_2023_12.md FLa =
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Chipignite FvJ¥e&(CAIT7z, Caravel OY > 7 )LEEEABEEREDMMN €D 1 (mpw-99g)

(2023/12h%) efabless #f chipignite B —E Z&FHA LT v TFE%=EEY.
Fv IHEET —S0ERTE, ESMNCHAESINEZIOVY - Uty FERPIO/ Y B - HIfIEEEHES UL Caravel \—RAZFBLT R ETTSYIILABOBRTOFINTE3FTEE2BLS.
EPRFa A TE, [Caravel 5 1st (mpw-9g)] mTw B7w F#(Z, Caravelot > J)LERICEEDRFENT 3.

efablessit :  https://efabless.com
1 —HEiF4iCaravel/\—3: https://github.com/efabless/caravel_user_project
Y aEoF v T A FR—F:  https://github.com/efabless/caravel_board

HAEECEZINDEESR .  https://visi.jp/OpenMPW.html
ENFIRIR

FERtE : Windows11 22H2, VMWare workstation pro 17.0.2, Ubuntu 22.04.3 LTS

2E2L—L3 TRASATUZBIZSICEE. (U2 TILT 10GB~ i2E)

Caravel AL DR

SHOMES
|-~ Caravel _mpw-9g/
-- caravel _mpw-92/
-- dependencies/
|—— openlane_src/
-- pdks/
-- npw-9g_precheck/
setenv.sh

Caravel IRIBODEE

BREHERET 3.

cd Carave| mpw-8g/carave| _npw-3g
source ../setenv.sh

IEMY BEHBICDONT

Caravelmt 7 JLERE(F 16-bit H 2P TEHN, GPIOADEIP™Wishbone/ (2 « REIOSw 27 S HFICEBESNEBRELR O TWS. B2 JILERIC—#E827T — JILEDAES SBOXEREEZESEL, N2> 0TFus-bith
SBOXICANENZEEEERTS. L

AP OERETE, 2023512BB50efablessiichipignite THF v TESECH — BRSNS BFERAR— RIC&DETGPIONE Y EEINLTTWVS. EFNCE, GPIOMI~4E Y MR- FRSnF v T, 568
w FUARTICEIN Y TSN TS, BIETEB~15EY HCcAD21E, 16~23Ew HISBOXHEERIND Y TE.

H2INLI7O> T hOAEE

verilog/rtl TV —X3— ¥, verilog/dv/io_ports T =al-—33 277 -7JL, openlane/user_proj_example FOEILFEED3NFAIZ FROEHDIEET 2.
1) verilog/rtl TV —AJ—F : AES_SBOX_ENC.vEIEAIL, user_proj_example.v, user_project_wrapper.v, user_definesvEIEET 3. EEMDIFELVIe, FFa A HIABELEI—RFESE,

2) verilog/dvfio_ports/ ThZ=al-—3>JF7 )L : TAPI4 jo_ports_tv.b ERISC-V BO—F io_ports.c #IEIFT 2. F7z, verilog/includes T includes.rtl.caravel_user_project (DB 7 ILICDNWTREET
5. BESDF S FCHBELZO - PR,

3) openlane/user_proj_axample/ FOEILFETE config.json (2, BIMT7 7ILICDWTRET 2.

"WERILOG_FILES™: [
tofeverilog/rt ] Jdefines.w”,
fof e verilogdrt | fuser_prol_example.w”,
it Lo fud 1 FAEG. BOAY EWA 0

e EERETT

EbiekG.2E A B,
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EPFFa A FOEBTE, 2023F12BBRMelablessitchipignite TOF v TBEEICH — E ASN2BFREBER - FIC&DTTGPIONE Y #EINYT TS, EFNIZE, GPIOD1I~4E v YR— FEnFv 7§, 568 *
w FUARTIZEIDWTSNTHD, EETES~15EY MZADYFE, 16~23Ew HCSBOXEAREIDYUTE.

BT 0> 19 bOIEE

verilog/rtl TV —2Xd—I*, verilog/dv/io_ports T3 =1 l-—33>TJ7 )L, openlane/user_proj_example FTOEIL FFEED 3NPRETROESDEET 3.
1) verilog/rtl TV —X—* : AES_SBOX_ENC.v#&iBIL, user_proj_example.v, user_project_wrapper.v, user_definesvE{EIET 3. EESATELVzS, FFaxXy HIELEI—- FESE.

2) verilog/dvfio_ports/ T3 Zal—2a»IF7 )l : TA 2494 io_ports_tv.b &RISC-V BO— I io_ports.c #{£IE9 3. 7=, verilog/includes T includes.rtl.caravel_user_project (BT 7 ILICDWTREET
3. EESFERFIAY FCHBELEZO- FESE.

3) openlane/user_proj_example/ FT@E)L FEEE config.json (C, B 7 AILICDVWTREET 3.

-l
Jverilogdrt| /defines.v”,
-Jwerilog/rilfuser proj_example.w”,
Fofverilog/rt | /AES_SBOX_ENC.v"

GPIODRTL>=Z31L—>3>

RTLEZZ 1L —2av®iTV, EREEFRBESNTVIEREITD
make wverify-io_ports-rtl

FREOLDC, SBOX OALAESHIRBMENTVSEFERETNS. (B) AN 0xA0 m&EZHAF 0xE0 £25. ABAESHEELRE~23EY FECELLBHhEhTWa Z&Nfhna.

(B 3w FEEFv SHHESPINCSBIESTHD, efablesstti— FTIZFTDIF v JDIOICEBESINT LS.

vvp  lo_ports.yep

Reading io_ports.-hex

io_ports.hex loaded into memory

Memory § hyies = OxBf 0x00 0x00 OxOb 0x13

FST info: dumefile mJurtS wed opened for output.

MPRJ-I0 state = zz zz lzzz
MPRJ-10 stale = db 8f : zzzzozzzzzzzzz 0011111101101 122221222

MPRJ-I0 state = e0 al : zzzzzzzzzzzzzz]010000011100000zz2z1222
WPRJ-TI0 state = 532 al @ zzzzzzzzzzzzzz1010000100110010zz221z222
MPRJ-I0 state = b0 fc @ zzzzzzzzzzzzzzl111110010110000zzz221z222
MPRJ-I0 state = 54 fd : zzzzzzzzzzzzzz]111110101010100zz2z1222
MPRJ-I0 state = bb fe @ zzzzzzzzzzzzzzl111111010111011zz221z222
MPRJ-I0 state T 16 zzzzzzzzzzzzz] 111111100010110z2zz21222

ff @z
Monitor: Test | Mega-Project 10 (RTL) Passed
fo_ports_th.v:208: $finish called at 494862500 (1ps)
mv io_ports.ved RTL-io_ports.ved
rm io_ports.vep

ENERR(Z, verilog/dv/io_ports/RTL-io_ports.ved [CREEFESNS.
gtkwavel— L DEWERREHERT & &, S4LF 350us #ICmpri_ioMBIRMENT WS BFIRET=S.
stkwawve verilogfdv/io_ports/RTL-io_parts.ved

EJL I & EIRgHESE

caravel_mpw-9g ¥« Lo FUICTEILFEEITT 3.

make user_proj_example
make user_project_wrapper

O—-ALTOTHA Y FIYIEETI 3.

make run-precheck

Eat.)

W EDFIBCT, H2TILA—HFHA 2 (CREERBROEBMETY, TOLIa1l—332~EILE~CaravelzEsh T H+ Vo)L FETRELE.

1. #28, B FILERE T EWishbone/ (2 - FISIOSY O F FSA Y OHEHFESOEOBLEE LB THS. Thid, RISC-V 15 Wishbone/ (R - FIEIOS Y I FF S HEEL TEEFESAATRICHO AT U-S 2L
EFBEsH. [-M1] =

e EERETT

EbiekG.2E A B,
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EbiekG.2E A B,

» Google XLS SRIARY—IL Y Py I HA R (2024428HKR)
(2024/02k) Google #t XLS BUAMY —/LEHWTCI— FMSHDLERZBERT.
% EFIRIR

ENEIRIE ¢ Windowsll 22H2, VMWare workstation pro 17.0.2, Ubuntu 22.04.3 LTS

(&)
" MiniForge M&EA
»

TR curl -L -0 "https://github.com/conda-forze/mini forge/releases/latest /download Mini forze3-4 (unane)-§ (unane -nd.sh™
hash Miniforged-§(uname)-%(unane -n).sh -p conda-env/ -

XLs dEA (1)

77U XLS - A —IL.

source conda-env/binfact ivate
conda install --ves -c litex-hub xIs

A2 A —)LOER.

| interpreter_main --version
ir_converter_main —-wersion
opt _main --wersion
codegen_main --wersion

Bazel MDEA

sudo apt install apt-transport-hitps curl znupg

curl -fsSL https://bazel.build/bazel-release.pub.gpg | gpe --dearmor >bazel-archive-keyring.zpe

sudo mv bazel-archive-keyring.gpg Ausr/share/keyrings

e:fdm ”dfb [grfh:amdﬁd signed-hy=/usr/share/keyrings/bazel-archive-keyring.zoel https://starage.zoogleapis.consbazel-apt stable Jdk1.8” | sudo tee /etc/fapt/sources.list.d/bazel.list
sudo apl upoale

sudo apt install bazel

sudo apt install hazel-G.4.0

XLS OEA (2)

XLS oAFZEILETS. BEILREEEAMT2ESRAL Y RETFEHTSED, WERRE0I7SE sBECIENT LR,

sudo apt-gel install prthon3-distutils pythond-dev libtinfoS python-is-pyihond
git clone hites://github.con/zongle/x1s.git

Eaz:latesl -coopt -- Shulsd...
C++I—FOFBMEHET A ‘

FEOI—F (testdl.ccd §3) ZEEFTS.

feragna his_top
int addlinta, int b) { return a + b; }

XLS(C £ B0 — ok

(xls 2o )l 4 ) /hazel-bin/xls/contrib/xlsce/xIsce testOl.co > testOl.ir
(157 o )L & ) /hazel-hin/xls/tools/opt _main testOT.ir > testOl.opt.ir

Verilog HDL O— Fd&RK

./hazel-hin/xls/tools/cadegen_nain testDl.opt.ir --generator=conhinat ional --delay_nodel="unit” --output_veriloz_path=testD1.v --module_name=xls_test --taop=add
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