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Bootstrapping a real working design flow

Origins of gflow

* Started with simple scripts around Berkeley VIS and SIS, used at
MultiGiG, Inc., around 2007 for "small digital" blocks (a few hundred gates
at most) (thank you to Steve Beccue for the original scripts behind gflow).

* TimberWolf (Bill Swartz, Yale; pulled from Octtools) used for placement. Last
open source version of TimberWolf before it became proprietary (thank you
to Mark Martin for dredging up Octtools from a backup tape somewhere).

e Proprietary detail router lithoroute (Frank Lien) used at MultiGiG, only part of
flow not open source (2008).

e After sale of MultiGIG to Analog Devices, wrote the open source detail router
grouter to replace the proprietary router (version 1.0, 2011).

e Used OSU (Oklahoma State) open source standard cells in distribution (thank
you to James Stine)



gflow History of gflow (major milestones)

Wrote open-source detail router grouter in 2011

Implemented clock tree synthesis blifFanout in 2012

Cleaned up the scripts, added a Makefile, and gflow was born (June 2013)
Replaced VIS/SIS with Odin Il as synthesis front-end (July 2013)

Updated to use yosys (Clifford Wolf) / ABC (Alan Mischenko) (October 2013)

Wrote vesta static timing analysis tool (October 2013)
graywolf forked from TimberWolf (October 2014) by Ruben Undheim

Performance improvements: 100s of gates (2008) to 1000s of gates (2012),
to 10000s of gates (2017)

gflow_manager.py GUI interface added (April 2018)



e | el Flow is driven by scripts.
gflow 1.4 .~ project_vars.sh declares options
. project_vars.sh gflow_exec.sh enumerates steps
. - gflow_exec.sh
Project directory tree: aflow_vars.sh
Y Y ¥
source/ synthesis/ layout/
: project .cel
project .v " project .rtl.v _ :
project. xspice pro_1ect .def
project .mag
project .gds
\—* Y Y Y Y l
log/ netlist/
g?g)ysxgiﬁgg project .spice
qrouteri?g
INN

File directory structure includes "source" directory for input files,
"synthesis" for netlist output, "layout” for final results of placement
and routing, "log" for reports and "netlist" for LVS results.



gflow 1.4
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lib liberty

timing
files
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Yosys/ABC

~

verilog netlist

Y

vlogFanout

verilog netlist

Y

vlog2Verilog

verilog netlist

Y vlog2Spice

The underlying scripting flow

Placement
-

decongest.tcr

verilog netlist

viog2cel

Y
.cel input for graywolf

lef standard
cell library

.cel2 pin
placement
hints

Static Timing Analysis

[

timing
files

SPICE netlist

Y

spi2xspice.py

XSPICE netlist

Y

s R
vesta
text file output
\ Y,
def

lib liberty

project_vars.sh
setup file
Jef standard
cell library

! vlog2def

.def netlist
' graywolf

.pl1, .pl2, .pin

Y place2def.tcl

.def netlist
v addspacers

.def netlist
Y arrangepins

.def netlist

- J

Y

Routing v
e R
Qrouter
: .def
.def netlist —
.rc timing | .Ic
' DEF2Verilog
verilog netlist Y
. Y

Command line use (after setup): qgflow [option ...] e.g., : gflow synthesize place route



. . - .
gflow 1.4 The underlying scripting flow (continued)
-
L -
project_vars.sh .tech magic
setup file techfile
-"?irlrgli)r?g;ty DRC GDS standard
files e ) ™ cell library
! Magic
Post-Route ] ] text file report :
Static Timing Analysis y Migration p GDS Generation y <
. N . _
rc2dly Magic - Magic
.rc N J
- e .mag layout
RY; -Spef, .sdf timing -mag _ .gds mask layout
— Y >
vesta _
Y Jef abstract view
text file output Y (LVS ~ L )
- y .ext extraction Netgen
def . Y _ setup.tcl
SPICE netlist SpC_ text file report nseettguepn
- ) \_ )

Command line use (after setup): gflow [option ...] e.g., : gflow synthesize place route



gflow

GUI (Python/Tkinter)

gflow GUI simplifies the process of digital synthesis and replaces hand-editing
script files and incorporates LVS and DRC checks, and GDS generation.

Execute each step of
the flow by clicking on —
the "Run" button.

When "Run" is boldface,
this is the next step in
the synthesis sequence.

After each step, click on
the first column to see
results (contents of a
log file).

@ Qflow Manager HEMN

User: tim

Project: gui_tutorial /home/tim/develigflow/gui_tutorial

i Checkﬁ;r | Synthesis Preparation

-nm.pa_mtion\ (notdane) Run Settings \ Technology:| osu035 v “

| ——
Synthesis m'c'rre)\ 1 Settings ‘ Verilog source f||e - map9v3v ol
|Verilog module: mapgvs

Placement (notdone) Settings ~

Static Timing Analysis (notdone) Settings

Routing (notdone) Settings

Post-Route STA (notdone) Settings

Migration (notdone) Settings o

Before running eack

;i/"‘”m“”e’ Settings from the settings thz
_ (notdone) Settings to the right. Each s}

GDS (notdone) Settings own Set Of optlons'

, see them.

Cleanup (notdone) Settings

Reading source file to verify module name. -

Status: Mo project vars.sh file created.

Status set to "prep”

Quit Help Edit Layout

Selection of
— technology

Select top level
module for
synthesis

1 step, select options

At appear in the window
ynthesis step has its
Click on "Settings" to




gflow

Begin: Make directory for
project and put verilog
source files(s) In it.

Then run:
gflow gui project_name
Preparation step:

File systems are created
and managed automatically

Project workspace preparation

IDetermining current status of project.
\Path to project = shomestim/sdevel/qflow/gui_tutorial

W Oflow Manager S e, AN
User: tim
Project: gui_tutorial /homeftim/develigflow/gui_tutarial

Checklist Synthesis Preparation
Preparation (notdone) Run Settings Technology:) 0su035 b
Synthesis (notdone) Settings Verilog source file:.. map3v3.v _

| Verilog modu\e:_apgval
Placement {notdone) Settings A N
gsetconfig files:

Static Timing Analysis {notdone) Settings Selection of synthesis flow lools:
Houtl ' - ot Use graywolf for placement:

Sl eRtdons) Sangs Use RePlAce for placement: =
Post-Route STA {notdone) Settings Use vesta for STA:
M loratt I - o Use OpenSTA for STA: =

SmE netdons) Sunes Affer every synthesis step:

DRC {notdone) Settings Set stop Clear stop
LvVS (notdone) Settings
GDS {notdone) Settings
Cleanup (notdone) Settings

New featu_re:
tool selection

Step zero.
Reading gqflow_vars sh setup file.
Step one.

|Reading gflow_exec.sh file.

Step two.

Reading source file to verify module name.
Step three.

Status: no v file,

|Status set to "synth"

Quit Help Edit Layout




gflow Synthesis using Yosys / ABC

® Qflow Manager T XAN QﬂOW automaﬂca”y fmd S the
User: tim . .
Project: gui_tutorial /home/tim/develigflow/gui_tutorial Verllog I I IOdUIe hlerarChy and
| I includes all source files.
Preparation Okay | Settings {there are no user-configurable settings
Synthesis (notdone) Run Settings
Placement (notdone) : Settings @ Qflow Text Report HEN
i i 1 log/synth.log
Static Timing Analysis (notdone) Settings Qflow synthesis logfile created on Mon Apr 30 10:27:48 EDT 2018 =
. = Running yosys for veriloeg parsing and synthesis
Routing (notdone) : Settings yosys -5 mapSv3.ys
' - ; e e \
Post-Route STA (notdone) Settings | I
- - | yosys -- Yosys Open SYnthesis Suite |
i ' | '
Migration (natdone) | Setinpd | copyright (C) 2012 - 2008 Clifford Wolf <cliffordeclifford.ats |
| 3 | |
LVS (notdone) Settings | Permission to use, copy, modify, and/or distribute this software for any |
- - | purpose with or without fee is hereby granted, provided that the above |
DRC (notdone) . Settings | copyright notice and this permission notice appear in all copies. |
: | |
1 | | THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES |
GDS {notdene) Settings | WITH REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF |
; g | MERCHANTABILITY AND FITMESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR |
ci td - Set | ANY SPECIAL, DIRECT, INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES |
eanup (notdone) - il | WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN |
- | | ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF |
[1s: Mo match. = | OR IN CONNECTIOM WITH THE USE OR PERFORMANCE OF THIS SOFTWARE. |
qflow exited with status O | |
|Current qflow status: Next project action 1s synth E R R L LR PP 7
Quit Help Edit Layout Close




gflow Post-synthesis steps

e Resize gates to optimize for speed

e Add buffers at input and/or output
e Add antenna tie-downs to inputs

e Break up large fanouts by buffering
e Generate clock tree(s) with unsorted (permutable) connections

e Assign fill cells (spacers, decap, and/or antenna tie-downs) to reduce density



gflow

Placement setup

® Qllow Manager NEN
User: tim
Project: gui_tutorial /homeftim/develigflow/gui_tutorial
Checklist Placement Seftings
Preparation Run Settings Initial density:|1.0
Aspect ratio;[1.0
Synthesis Run Seffings Create power stripes: x
Placement (notdone) Run Settings Stripe width: 2.0
Stripe pitch: 50.0
Static Timing Analysis (notdone) Settings Add extra space for power stripes: x
Routing (notdone) Settings Arrange Pins
Post-Route STA (notdone) Settings Placement graphic view:
Migration (notdone) Settings
LVS (notdone) Settings
DRC (notdone) Settings
GDS (notdone) Settings
Cleanup (notdone) Settings

qflow exited with status 0
|Current qflow status: Next project action is place
|Loading text text from file log/synth.log

Quit Help Edit Layout

Placement settings:
e Standard cell density (vs. fill)

e L ayout aspect ratio

e Power bus striping

e Pin arrangement



gflow

Pin placement hints

Pins can be grouped and required to be on one (or more) sides of the layout.

Signal vectors can be automatically grouped.

unassigned
clock
reset
start
N<0=
Nzl
Ne<2=
| M<3=
MNed=

Close

@ Qflow Pin Manager B

Apply

New Group

Delete Group =

Auto Group

Groups can be limited to a range of area
along the side of the layout.

@ Qflow Pin Manager

unassigned
clock
reset
start
done
N_vector Top: x Right: x
MN<0= | Fixed
N<1> | Fixed
N<2> | Fixed
MN<3> | Fixed
MN<4> | Fixed
MN<5> | Fixed
MN<6> | Fixed
N<7> | Fixed
N<8> | Fixed
dp_vector Top: X Right: x
dp<0= [ Fixed
Close Apply

Bottom: = Left; x

Bottom: =

MNew Group

Left: =

Permute: x Start %: |0 | Stop %: 100

Permute; (x Start%: |0 | Stop %: |L00

Delete Group ¥ Auto Group

HEMN

Pin arrangement GUI replaces the (obscure) hand-edited .cel2 file.




gflow Placement with graywolf

COMTROL

Simulated annealing algorithm

Minimizes routing wire length

Positions pins according to hints
and minimum wire length

Sorts clock tree (and other fanout-
reducing) buffers for optimal routing




apSud

Topfcst: call i the, window




map9v3

Taopmost-cell in: thewincow




Standard report
showing the
combinational
chain for each
delay path.

Static timing analysis using vesta

@ Qflow Text Report HEMN

log/sta.log

Path DFFSR 1/CLK to DFFSR 29/D delay 1344.15 ps

0.0 ps clock_bF_bufe: CLKBUFl_5/Y -> DFFSR_1/CLK
895.4 ps stafe 0 : DFFSR_1/Q -> TNVX4_1/4
1285,7 ps G1_: INVXK4_1/Y -> OAI21X1 8/C
1462.0 ps T26 : DAIZIX1_8/Y -» AOI21X1_7/C
1548, 4 ps _3 5 : ADIZAX1_7/Y -» DFFSR_29/D
Path DFFSR_1/CLK to DFFSR_28/D delay 1324.83 ps
0.0 ps clock_bF bufe: CLKBUFl 5/Y -> DFFSR_1/CLK
895.4 ps state 0 : DFFSR_1/Q -> TIWVX4 1/A
1285.7 ps 01:  INVK4 1/Y -> OAT21X1 7/C
1462.0 ps ~25_: OAIZLX1_7/Y -> ADI2LX1_6/C
1548, 4 ps _3 4. ADIZIX1_6/Y -»> DFFSR_28/D
Path DFFSR_1/CLK to DFFSR_30/D delay 1324.83 ps
0.0 ps clock _bF bufd: CLKBUF1_5/Y -=  DFFSR_1/CLK
895.4 ps state 0_: DFFSR1/Q -> INVX4_1/A
1285.7 ps B1:  INVXA 1/Y -> OAT21X1 9/C
1462,0 ps T27 : DAIZLX1_9/Y -> AOI21X1_8/C
1548, 4 ps _3 6 : ADIZIX1_8/Y -» DFFSR 30/0

Path DFFSR 1/CLK to DFFSR 4/D delay 1312.17 ps

0.0 ps clock_bF bufo: CLKBUF1_S5/Y -=  DFFSR_1/CLK
895.4 ps state 0_: DFFSR_1/Q -» INVX4_1/A
1285.7 ps B1_:  INVX4_1/Y -> NANDZX1 1/4
1456, 4 ps _6_: NAND2X1_1/Y -> DFFSR 4/D

Computed maximum clock frequency (zero slack)X(= 4568.532 MHz

Number of paths analyzed: 57

Top 20 minimum delay paths:
Path DFFSR 3/CLK to DFFSR S/D delay 408.31 ps
0.0 ps clock_bF_bufe: CLKBUF1_5/Y -> DFFSR_3/CLK
408.3 ps state_2 : DFFSR_3/Q -» DFFSR_S/D

Fiatl FEECR S 077 W 4n andmodt mam de Al dalon AT 77T ee =

Reports initial maximum
clock rate (without back-
_annotated parasitics).




gflow Detailed routing with grouter

-

. = L lgorithm m t ith maski
ee algorl aze router wi aSKing
@ Qtlow Manager e HEMN
User: tim
Profect: gui_tutorial /homeftim/develigflow/gui_tutorial
Checklist Route Settings
Preparation Ckay Run Seftings Show graphic view: %
| Route layers: max

Synthesis Okay Run Settings
Placement Ckay Run Settings
Static Timing Analysis . Okay ' Run Settings
Routing (notdone) Run Settings
Post-Route STA [notdone) ' Settings
Migration {notdone) Settings
LVS (notdcne) || settings
DRC {notdone) Settings
GDS (notdcne) || settings
Cleanup [notdone) Settings

208.6 ps clock_bF buf2: CLKBUFL 3/Y -» DFFSR 23/CLK =
|Path input pin clock to DFFSR 22/CLK delay 208.632 ps

.0 ps clock: -= CLKBUF1_3/A

208.6 ps clock_bF_buf2: CLKBUF1_3/Y -» DFFSR_22/CLK
1s: Mo match.
qflow exited with status 0
Current gqflow status: Next project action is route =

Quit [ | Help Edit Layout

Router analyzes antenna violations, makes
corrections, and extracts parasitic delays. Qrouter graphic view









gflow Migration

e Create layout database for Magic

e Create netlists for Netgen LVS

e Create functional netlist for
simulation at gate level using
Xspice

e Create LEF file (abstract view)
from layout



gflow DRC with Magic layout

For well-behaved standard cells

such as the OSU sets, DRC and
LVS are generally guaranteed by
design.

For foundry standard cells with
more agressive layouts, DRC
errors are common and
occasionally cause shorts that
result in LVS failure.

The Magic layout editor can be
used to resolve layout issues.

-



gflow LVS with Netgen

Click on LVS status button to get LVS report from Netgen:

Device network matching (such
as resistor networks)

Hierarchical matching

Pin matching

Property checking and matching

Full setup control over parallel and
serial combining, properties, etc.




gflow GDS Generation with Magic

GDS generation is automatic with
Magic layout editor tech file.

Click on "Edit Layout" after GDS step
to see complete routed layout
Imported from the GDS file:

Transistor-level view of digital cells

using information from standard
cell GDS file.

End-to-end synthesis finished!



gflow Made with gflow:

picoRV32 RISC-V reference
design (Clifford Wolf)

Process: X-Fab XHO018
6 layers metal

SoC core synthesized, placed,
and routed with gflow

The efabless Raven chip

22,400 standard cells (excluding
fill) (not pushing gflow's limits)

SoC core area ~800 x 800 pm
Taped-out August 2018

Packaged January 2019

First time working silicon!




gflow Recent development work

e Integrated OpenTimer as (more full-featured) alternative to vesta

e Integration of OpenRoad (UCSD): OpenSTA, RePlAce

e Move from BLIF netlist format to all verilog netlists

e Some major housekeeping functions moved from scripts to executables
e "auto_pdks" framework for generating compatible techfile hierarchies

* Floorplanner/Padframe generator (based on Symbiotic EDA "padring")

e All gflow tools mirrored to github (https://github.com/RTimothyEdwards/)



Floorplanner / Padframe Generator

Uses Symbiotic EDA padring https://github.com/YosysHQ/padring

- Input is a chip top-level verilog netlist.
- The script separates the 1/O pads from the core components.
- Pads always snap to valid frame positions.
- Core components can be moved around arbitrarily.
- The padframe expands as needed to accomodate the core.

Core cells can

Q/ be positioned
and rotated

arbitrarily

Pad cells always
remain in valid
padframe
positions

Layout generated
from 2Save® button



Foundry Data
Libraries

Digital Standard Cells
Primitive Devices

/O Cells
Analog IP

Memory IP

Standard Formats

Auto-PDKS

Custom Data
Makefile

FEOL/BEOL Options

Templates |

Liberty
LEF
GDS

CDL/SPICE
Verilog
Documentation

Magic techfile (.tech)

Magic PDK (.tcl)

Magic startup script (.magicrc)
Netgen setup file (.tcl)

Qflow setup file (.sh)

Graywolf setup file (.par)

Installed PDKs

technology root/

Y Y

foundryl/ [/ | foundry2/

e

libs.tech/ libs.ref/
' Y
magic/ _ mag/
| maglef/
netgen/ I
| gflow/ let/
liberty/
lef/ verilog/
/ gds/
/ .| spi/

Y



gflow (Near-term) Future development work

e Continued integration of OpenRoad (TritonCTS, global and detall routers)

®* DFT (scan chain insertion)

Qflow and all the tools it comprises are always free and open source!

Thank you for supporting open source EDA tool development!



