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Join the Open-EDA Community

UNIC-CASS Slack

https://join.slack.com/t/unic-cass/shared invite/zt-1xxifrOow-n8dptOgNBxb4J5028MEvmw

open-source-silicon Slack
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How the top-level integration works
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Geometric Shapes
Description File
(GDslI)

HW Description File
(Verilog, VHDL...)
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Verilog
+ libraries, Logic Synthesis

constraints
Floorplanning

Placement & Optimization
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H
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If using VHDL, follow section 4.7:
https://unic-cass.github.io/training/4.7-synthesis-vhdl-design.html

Verilog
+ libraries,
constraints
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Logic Synthesis
Transform a HW Description into a “mapped description” / netlist.

SVEWIN VIWN ),

23 [SC_SIZE-1:8] scan_master; 5 ( .VGND(VGND
plil [SC_SIZE-1:8] scan_slave; VPWR (VPWR) ) ; ’ ’
5 ) ) 4 2
- [SC_SIZE-1:6] scan_next; sky130 fd_sc_hd_buf 1 _142_ (.A(clknet 4 9 0 clk),
26 ) _VGND(VGND) ,
27 scan_next {scan data in, scan slave[SC SIZE-1:1]}; VNB ( VGND
+02 - >
%8 : 1660 .VPB(VPWR),
29 @ ( clk) begin VPWR (VPWR
30 scan_master scan_next; - 'X 128 ‘,_‘
3 ) £ - = 2
f; end + sky130_fd sc_hd__buf 1 _143 (.A(clknet_1_1_ leaf 128 ),
3 _ 1664 .VGND(VGND) ,
33 @ ( clk) begin 1665 VNB (VGND
- . - = >
f;, sc:nfslave scan_master; . _VPB(VPWR),
f_ en .VPWR(VPWR ) ,
° .X(_129.));
37 @ () ) . sky130 fd_sc_hd__inv 2 144 9 (.A(clknet 1 1 leaf 129 ),
38 (scan_load_chip) begin VGND ( VGND
30 . . = >
39 SC_to_the_chip-scan_slave; 1671 _VNB(VGND) ,
AR and : 2
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Physical Synthesis

Transform the mapped netlist into a geometric shapes description (<*.gds>).

HUIS - VW VEWI ) ),
4655 sky130_fd_sc_hd__tapvpwrvgnd 1 TAP 99 (.VGND(VGND),

4656 .VPWR(VPWR) ) ;

4657 sky130 fd_sc_hd__buf 1 _142 (.A(clknet_4 9 0 clk),

4658 .VGND(VGND) ,

4659 _VNB(VGND) ,

4660 .VPB(VPWR),

4661 .VPWR(VPWR ) ,

4662 .X(_128 ));

4663 sky130_fd_sc_hd__buf 1 _143 (.A(clknet_ 1 1 leaf 128 ), *
4664 .VGND(VGND ) ,

4665 .VNB(VGND) ,

4666 .VPB(VPWR),

4667 .VPWR(VPWR ) ,

4668 .X(_129));

4669 sky130_fd_sc_hd__inv_2 _144 9 (.A(clknet_1_1_leaf_ 129 ),

4670 -VGND(VGND) ,

4671 _VNB(VGND) ,
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Open-PDK Ecosystem

Open PDKs

GlobalFoundries 180

Skywater 130 Predictive PDKs

IHP 130 BiCMOS ASAP 7

PTM-MG

FreePDK45
alpha release:

SKY90-FD

Introduction to the Digital Design Flow - Aug. 28 - Rodrigo N. Wuerdig



Open-PDK Ecosystem

Open PDKs

- Skywater 130
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Open-EDA Ecosystem

70+ open/free tools for IC Design



Frameworks / Software Wrappers

OpenROAD Flow Scripts
OpenlLane

SiliconCompiler
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Frameworks / Software Wrappers

OpenlLane



The OpenLane Flow
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The OpenLane Flow
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reg [SC_SIZE-1:8] scan_master;
reg [SC_SIZE-1:8] scan_slave;
wire [SC_SIZE-1:8] scan_next;

asz=ign scan_next - {scan_data_in, scan_slave[SC SIZE-1:1]};

always @ (posedge clk) begin
scan_master = scan_next;
end

always @ (negedge clk) begin
scan_slave - scan_master;
end

always @ (*)

if (scan_load_chip) begin
SC_to_the_chip-scan_slave;
and
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Ok! We can synthesize a block using OpenLane.
But this block lacks context
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OpenLane gives us freedom for making our block with several
shapes and sizes
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But in a real application (ic) this block will be placed under some context
position, size, pin-connection...
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Our context is placing the multiple blocks under the Caravel Wrapper

Car+ovel
My Design

Caravel

My Design Plug & Play
Dev Board
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So it is important to try both:

1. The standard OpenlLane block synthesis
https://unic-cass.qgithub.io/training/2.1-digital-
design-tool-docker.html

2. And especially the caravel synthesis flow
https://unic-cass.qgithub.io/training/4.3-
design-setup-caravel-user-project.html
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caravel_user_project ' Pu ) [@waten 30 - |

[ # main ~ | ¥ 32 Branches 40 Tags ( Q Gotofile ol Add file ~ |

. jeffdi Merge pull request #368 from efabless/makefile_fix @@ X 05c3eea -3 weeks ago (1) 752 Commits

def rapper implementatiol last year
locs

d. Update index.m: 3 weeks ago
[ ] gds update user_project_wrapper implementation last year
B et update user_project_wrapper implementation last year
| b update user_project_wrapper implementation last year
BB Ivs/user_project wrapper fixed path in config last year
[ ] mag update user_project_wrapper implementation last year
[ ] maglef update user_project_wrapper implementation last year
B openlane updated docker mounts to incluse ~/ipm last month
B sdc update user_project_wrapper implementation last year

Merge branch 'm: ito qol last year

update user_project_wrapper implementation last year

update user_proj_example implementation last year

Merge pull request #320 from efabless/mattvenn-patch-5 10 months ago




caravel_user_project / openlane / (5

e marwaneltoukhy updated docker mounts to incluse ~/.ipm %

Last commit message

B user_proj example

update user_proj_example implementation

I user_project_wrapper

update user_project_wrapper implementation

O .gitignore

Example of a full run of user_project_wrapper

[ Makefile

updated docker mounts to incluse ~/.ipm




How the top-level integration works

caravel_user_project OPEHHHE d?
E i'-

#? marwaneltoukhy updated docker mounts to incluse ~/.ipm

Name

Cor+avel
My Design

I8 user_proj_example

I user project_wrapper

| .gitignore Example of a full run of user_project_wrapper
|_f| Makefile updated docker mounts to incluse ~/.ipm
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How the top-level integration works

caravel _user_project / openlane / 2

e marwaneltoukhy updated docker mounts to incluse ~/.ipm

Name
I8 user_proj_example

I user project_wrapper

RGeS WS Ch P e L Wi d e W s i g Ly
D gitignore Example of a full run of user_project_wrapper
[ Makefile updated docker mounts to incluse ~/.ipm
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caravel_user_project / openlane / (&

- N ¥
TELITTTIIEY

‘ a marwaneltoukhy updated docker mounts to incluse ~/.ipm

Caravel

._';5" +

user_project_wrapper

D .gitignore Example of a full run of user_project_wrapper

[ Makefile updated docker mounts to incluse ~/.ipm
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How the top-level integration works

\
= —p

UNIC-CASS

IC
— — ==




How the top-level integration works

Project O

Project 1
Project 2

Project 3
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How the top-level integration works

Project O RTL Files

config.json

. base_user_proj_example.sdc
GIt RepO e NN

pin_order.cfg
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How the top-level integration works

1] rodrigowue / 1C1-CASS-2023

>Source @ lssues @  © Pull Requests @ o Stats 9 Sel

Files
% main

def

dependencies

o 1 » A :
A “top-level” git will be created
lef

lib

Ivs

mag

maglef

openlane

precheck_results

sdc

sdf

signoff

spef

spi

venv

verilog

LICENSE

Efabless git repo for last year IC
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How the top-level integration works

4 | rodrigowue / 1C1-CASS-2023

<f» Source O Issues @) © Pull Requests [ |#” Stats &f Settings

Files

_ 23 main / I openlane
Files

_ ) R4 butter Block 1
= Commits
egd_top_wrapper Block 2
user_project_wrapper Top-level
wh_buttons_leds Block 3

giugnore

Makefile

Efabless git repo for last year IC
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composing the wrapper will be
inserted there.
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How the top-level integration works

e/ 1C1-CASS-2023

sues [ © Pull Requests [J |+ Stats  ©f Settings The plaCement fOr eaCh bIOCk W|”
be defined

Efabless git repo for last year IC
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How the top-level integration works

The blocks will be also logically connected
to the user_project_wrapper to the assigned
pinout. By their instantiation in the wrapper
Verilog.
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Think about the context! How do you want to connect it with the outside world?!
https://unic-cass.github.io/training/6.1-design-for-tapeout-Caravel-overview.html

10 mm?silicon area
38 User’s 1/O Pads _ ,
User I/O Pad Configuration &‘58.'.?; CoskngsndouL | | o |

s FW running on the Management SoC : — -
Swys(:fglv ‘ paf{dalamm-ng

e Housekeeping SPI

L Integration-time confuiguration

Access to the Management SoC wishbone =~ T ieero]

Flash controller | |

UART

—— SPI master

bus
Clocking and Reseting Signals
128 R/W Logic Probes
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L\

Thanks, any questions? :)

feel free to reach me out
rnwuerdig@inf.ufrgs.br

©IEEE
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