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CHAPTER
ONE

ENVIRONMENT SETUP

Note: This tutorial requires sudo access. If you are not the owner of server or system, you should use virtual machine
or docker.

Notation Guides:

¢ ‘$’ means ubuntu shell commands

¢ ‘%’ means tcl/tk console

¢ In[1] means interactive python command

» UPPER_CASE words denote user defined path

1.1 Install MAGIC

1.1.1 1. install dependent packages

Note: CentOS use yum instead of apt-get package. Package names could be slightly different.

sudo
sudo
sudo
sudo
sudo
sudo

P A A A A A

apt-get
apt-get
apt-get
apt-get
apt-get
apt-get

install
install
install
install
install
install

m4

tcsh

csh

libx11-dev
TCL-dev tk-dev
libcairo2-dev

1.1.2 2. clone Magic source

make or go to a directory for the source(DIR_FOR_SOURCE) and clone the source from git.

$ cd DIR_FOR_SOURCE
$ git clone git://opencircuitdesign.com/magic

If it dosen’t work, clone the Github mirror.

* § git clone https://github.com/RTimothyEdwards/magic
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Note: “apt-get install magic” command installs outdated version!

1.1.3 3. complie and Install

This step requires a sudo acess.

$ cd magic

$ ./configure

$ make

$ sudo make install

1.1.4 4. test

You can run magic on random directory.
* $ magic &

Check magic’s cell search path with following
* % path

If CAD_ROQT appears after “System search path is”, you have to set CAD_ROOT as an environment variable pointing

where magic basic libraries are installed.

e the default is ‘/usr/local/lib’

1.2 Install XSSHCEM, NETGEN, NGSPICE

1.2.1 1. XSCHEM

Install following packages using “sudo apt-get install”

libX11-6 | ibx11-dey

| ibsrender] | ibxrender—dey
| ihxchi | ibx11=sch-dey
| ibcairo | ibcairoZ-dev
tclo.b tcl. B-dev
tkS.6 tkS. B-dey

flex bison

| Thxpmd | ibxpm—dey

gawl or mawk

Clone xshcem source and install

cd DIR_FOR_SOURCE
git clone https://github.com/StefanSchippers/xschem.git_
cd xschem

make
make install

LR A R G

./configure --prefix=ROOT_FOR_XSCHEM (default: '/usr/local')

Chapter 1. Environment Setup
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1.2.2 2. NETGEN

cd DIR_FOR_SOURCE

git clone git://opencircuitdesign.com/netgen
cd netgen

./configure

make

sudo make install

P A A A B A

1.2.3 3. NGSPICE

NGSPICE uses wget instead of github clone

$ cd DIR_FOR_SOURCE

$ wget https://sourceforge.net/projects/ngspice/files/ng-spice-rework/37/ngspice-37.tar.
;ng

§$ tar -zxvf ngspice-37.tar.gz

$ cd ngspice-37

$ mkdir release

$ cd release

$ ../configure --with-x --enable-xspice --enable-cider --enable-openmp --with-
—readlines=yes --disable-debug

$ make

$ sudo make install

1.3 Install SKY130-PDK

1.3.1 1. Google/Skywater open SKY130-PDK

Clone PDK source from github and activates submodules. Since laygo2 doesn’t use digital-standard libraries, we install
primitive and IO libraries only.

cd DIR_FOR_SOURCE

git clone https://github.com/google/skywater-pdk
cd skywater-pdk

git submodule init libraries/sky130_fd_io/latest
git submodule init libraries/sky130_fd_pr/latest
git submodule update

make timing

A A A A A o

1.3. Install SKY130-PDK 3
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1.3.2 2. setup pdk using open-pdks

App open-pdks installs Skywater-pdk into PDK_ROOT directory and generates magic library files with them. And
download some useful 3rd-party libraries such as primitives for xschem.

$ cd DIR_FOR_SOURCE

$ git clone git://opencircuitdesign.com/open_pdks

$ cd open-pdks

$ ./configure --enable-sky130-pdk-DIR_FOR_SOURCE/skywater-pdk --disable-alpha-sky130

Before the install, check these considerable options of configure script.
1. —prefix=PDK_ROOT
¢ pdk files are installed in ‘PDK_ROOT/share/pdk’
¢ default PDK_ROOT: ‘/usr/local’
* we use default path in this tutorial
2. —enable-xschem-sky130[=PATH]
* If not disabled, the 3rd-party Sky130 setup for xschem will be installed as part of the sky130A PDK.

* If path is omitted, or the configuration option is not specified, then the library will be pulled automatically
from the repository and installed.

» To disable the package, use —disable-xschem-sky130.
3. —enable-alpha-sky130[=PATH]
¢ The 3rd-party alphanumeric layout library will be installed. Everything else are identical with 2.

If you choosed and set the configuration, you can install now. It could take times.

$ make
$ sudo make install

1.4 Set startup file for MAGIC and XSCHEM

1.4.1 1. MAGIC

We need a symbolic link mapping sky130 tech-files into MAGIC system search path.
* $sudo In -s SKY130A_INTALL_ROOT_DIR/sky130A/libs.tech/magic/* /usr/local/lib/magic/sys/

default SKY130A_INTALL_ROOT_DIR is ‘/usr/local/share/pdk’. Which is identical to the
“PDK_ROOT/share/pdk”.

Set the .magicrc at home directory.

$ cd ~
$ cat > .magicrc (press enter key)
source $CAD_ROOT/magic/sys/sky130A.magicrc

Test whether it is connected well.

$ magic &
% path

4 Chapter 1. Environment Setup
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It success if result looks like below.
X tkeon 2.3 Main - | *

file Console Edit [ntep Prefs History Help

Root cell box:
width x height [ Ulx, Lly ). [ wure, wry |} area (wnits®2)

|-}

Imicrons: @.016 x 8.018 ([ 0.000, 6.088). ( 0.810, ©.018) O0.000
lanibda: 1o x 1068 ([ 06.80. 6.00 ), ( 1.80. 1.00 ) 1.80

internal: 2x2 { 8, & ). 2, 2 ) 4
[Main console display active (Tcl8.6.18 / Tk8.6.18)
% path

Search path for cells is °. /W0RK/magic layout/ /WORK/magic layout/tsmchd45 microtemplates dense/ /WORK/magic layout/logi
c_generated/ fusrflocal/share/pdk/skyl3BA/1ibs. ref/skyl30 fd pr/mag Sfusr/local/share/pdk/skyl30A/1ibs. ref/skyl30 fd io/m|
89 Susrflocals/share/pdk/skyl30A/11bs . ref/skyldd fd sc_hd/mag fusr/local/share/pdk/skyl304/11bs, ref/skyl38 fd sc hdll/mag
fusrflocal/share/pdi/skyl 384/ 1ibs . ref/skyl38 fd sc_hs/mag fusr/local/share/pdk/skyl384/1ibs. ref/skyl38 fd sc_hvl/mag fu
srflocalfshare/pdk/skyl30A/1ibs . ref/skyl38 fd sc lp/mag fusr/local/share/pdk/skyl30ASlibs. ref/skyl38 fd sc Ls/mag fusr/l
ocal/share/pdk/sky130A/11bs . ref/skyl30 fd sc ms/mbg fusr/local/share/pdk/skyl30A/11bs, ref/skyl30 osu sc/mag fusr/localss
hare/pdk/skyl384/1ibs. ref/skyl38 osu sc t18/mag /usr/Local/share/pdk/skyl38A/1ibs. ref/skyl38 ml_xx hdfmag fusr/localssha
re/pdk/skyl36A/1ibs . ref/skyl38_sram macros/mag”

Cell library search path is "3CAD RDOT/mégic/sys/current SCAD ROOT/magic/tutorial®

irl:l:ul search path is °. $CAD ROOT/magic/sys SCAD ROOT/magic/sys/current®

k]

1.4.2 2. XSHCEM

Check xschem_sky130 library
xschem_sky 130 library should have installed in SKY 130A_INSTALL_ROOT_DIR/sky130A/libs.tech

$ cd SKY130A_INSTALL_ROOT_DIR/sky130A/libs.tech
$ cd xschem
$ 1s

If following directories didn’t appear, you should download it manually.

(base) hjpark@sonic-400TCA-4005CA: /usr/local/share/pdk/skyl30A/1libs. tech/xschem$
1s

decred hash _macro README.md skyl30 fd pr.patch stdcells
LICENSE scripts skyl30_stdcells xschemrc
mips_cpu skyl30 fd pr skyl30 tests

{base) hjpark@sonic-400TCA-4005CA: fusr/local/share/pdk/skyl30A/1libs.tech/xschem$

Set xschemrc

$ cd ~/.xschem
$ cat > xschemrc (press enter)
source /usr/local/share/pdk/sky130A/libs.tech/xschem/xschemrc (press ctrl+D to finish.
—writing)
§ xschem

Result should be looked like an image below.

Select the desired cell and press ‘e’ to check various circuits.

1.4. Set startup file for MAGIC and XSCHEM 5
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CHAPTER
TWO

WORKSPACE SETUP

2.1 Step 1 : Clone repository

Clone laygo2_workspace_sky130 from github

$ git clone https://github.com/niftylab/laygo2_workspace_sky130.git
$ cd laygo2_workspace_sky130

$ git submodule init

$ git submodule update

2.2 Step 2: Set path variables for magic

Initialize magic template cell search path for this tutorial

$ ./mag_set_path.sh
$ ./start_mag.sh
% path

These .sh scripts initialize the ‘.maginit_personal’ file with the cell search path for ‘magic’. Your magic search path
should include the following directories.

* WORK_DIR/magic_layout/skywater130_microtemplates_dense
* WORK_DIR/magic_layout/logic_generated

e AT T_WEY ST C

Ebasei_h] park@sonic-400TCA-4005CA: /WORK/hjpark/temp/laygo2_workspace_skyl30$ ./start mag.sh
e

tkcon 2.3 Main x
File Console Edit Interp Prefs History Help
[lambda: 1.00 x 1.00 ( e.ee, 0.00 ), ( 1l.00, 1.00 ) 1.060 e
internal: 2x2 8, @ . 2, 2 il
Main console display active (TclB.6.10 / Tk8.6.18)

s path

Search path for cells is ". fusr/local/share/pdk/sky138A/Llibs. ref/skyl3e fd pr/mag /fusr/local/share/pdk/sky
130A/1libs.ref/skyl38 fd io/mag /usr/local/share/pdk/sky130A/libs.ref/skyl36 fd sc hd/mag /usr/local/share/p
dk/skyl138A/Libs. ref/skyl3e fd sc_hdll/mag /usr/local/share/pdk/sky1308A/1ibs.ref/skyl38 fd sc hs/mag /usr/lo
cal/share/pdk/skyl38A/1ibs.ref/skyl30_fd sc_hvl/mag /usr/local/share/pdk/skyl3eA/Llibs.ref/skyl3e fd_sc_lp/m|
lag /usr/local/share/pdk/sky138A/1ibs. ref/skyl3e fd sc ls/mag /usr/local/share/pdk/skyl38A/1ibs.ref/sky13e f
d_sc_ms/mag /usr/local/share/pdk/skyl3@A/1ibs.ref/skyl38 osu_sc/mag /usr/local/share/pdk/skyl30A/libs.ref/s
ky130_osu_sc_t18/mag fusr/local/share/pdk/sky130A/1ibs.ref/skyl30 ml_xx_hd/mag /usr/local/share/pdk/skyl30A|
/libs.ref/skyl3@ sram macros/mag /WORK/hjpark/temp/laygo2 workspace skyl38/magic layout/skywaterl3e microte
mplates_dense /WORK/hjpark/temp/laygo2 workspace skyl38/magic_layout/logic_generated"

Cell library search path is "$CAD_ROOT/magic/sys/current $CAD ROOT/magic/tutorial®

System search path is “. $CAD_ROOT/magic/sys $CAD_ROOT/magic/sys/current”

il ¥

%

These paths are the default template paths for the example code in laygo?2.
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2.3 Step 3: Test laygo2

Note: Several package prerequisites (such as Numpy) should be installed for LAYGO2. The base installation of
Anaconda fulfills the package requirements.

source .bashrc

ipython profile create

cp ipython_config_init.py PROFILE_DIR/ipython_config.py
ipython ( or ./start_bag.sh )

A A

The ‘.bashrc’ file sets the python path of laygo2 by setting environment variables. The profile directory is
printed to the shell. (Example: WORK_DIR/.ipython/profile_default/ipython_config.py) Overwrite the default
‘ipython_config_init.py’ to the config file in the repository.

If PROFILE_DIR is not output, or it dosen’t contain WORK_DIR, check if .ipython dir exists in WORK_DIR. If so,
PROFILE_DIR = WORK_DIR/.ipython/profile_default.

rcyTTToT TP WO LTt L Ll
(base) hjpark@socnic-400TCA-4005CA: /WORK/hjpark/temp/laygo2_workspace _skyl30% sou
rce .bashrc
(base) hjpark@sonic-400TCA-4005CA: /WORK/hjpark/temp/laygo2_workspace_skyl30% ipy
thon profile create O
[ProfileCreate] Generating default config file: '/WORK/hjpark/temp/laygo2 worksp
ace skyl3e/.ipython/profile default/ipython config.py’
[ProfileCreate] Generating default config file: '/WORK/hjpark/temp/laygo2 worksp
ace 5ky13@£.ipythnnfprafile_default!ipy%ﬂnn_kernel config.py'’

L

O
import sys
print(sys.path)
The printed python path should include “WORK_DIR/laygo?2’.
In [1]:
In [2]):
['/fusr/fanaconda3Z/bin', 'Jusr/anaconda3/lib/python39.zip', ‘'susrfanaconda3/lib/py
thon3.9', ‘Jusrfanaconda3/lib/python3.9/lib-dynload*, '', ‘fusrfanaconda3/lib/py
thon3.9/site-packages', 'Jusr/anaconda3/lib/python3.9/site-packages/locket-8.2.1
-py3.9.egqg’', ‘'Jusrfanaconda3/lLib/python3.9/site-packages/IPython/extensions’', '/
JWoRK/hjpark/temp/laygo2 workspace skyl3e/.ipython', '/WORK/hjpark/temp/laygo2 wo
rkspace skyl38/BAG framework®, '/WORK/hjpark/tempslaygo2 workspace skyl3o/skyl3e
‘. "/WORK/hjpark/temp/laygo2 workspace skyl3e/laygo2’]
In [31: B

8 Chapter 2. Workspace Setup




CHAPTER
THREE

RUN EXAMPLE CODE

3.1 Goal : Generate a D Flip-Flop layout

In this tutorial, we are going to generate a D Flip-Flop cell with laygo2 and magic.

As the D Flip-Flop is composed of multiple subcells such as inverter and tri-state inverter, we should generate the
subcell layouts before generating the DFF layout.

3.2 Step 1: Subcell layout generation

Running the following commands in ipython generates magic TCL scripts.

In [1]: run laygo2_example/inv.py

In [2]: run laygo2_example/tinv.py

In [3]: run laygo2_example/tinv_small_1x.py
In [4]: exit

If the generators ran successfully, you should see the highlighted files in the following figure:

In [5]1:

{base) hjpark@sonic-408TCA-4005CA: /WORK/hjpark/temp/laygo2_workspace_skyl305 1s
bag startup.py logic generated tinv 2x.tcl

dff Tlat.ext logic generated tinv 4x.tcl
ipython config.py logic generated tinv hs 2x.tcl
laygo2 logic _generated _tinv _hs 4x.tcl
laygo2 example logic generated tinv small 1x.tcl
laygo2_tech 1vs_example

LICENSE magic layout

logic generated inv 2x.tcl mag_set_path.sh

logic generated inv 4x.tcl SD permute.tel

logic generated inv hs 2x.tcl start_bag.sh

logic generated inv _hs 4x.tcl start_mag.sh

logic generated templates.yaml

{base) hjpark@sonic-400TCA-4005CA: /WORK/hjpark/temp/laygo2_workspace_skyi3es |]

The actual layouts are generated by running the TCL scripts in magic by typing the following commands:

$ ./start_mag.sh
% source logic_generated_inv_2x.tcl
% source logic_generated_inv_4x.tcl

(continues on next page)
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(continued from previous page)

% source logic_generated_tinv_2x.tcl
% source logic_generated_tinv_4x.tcl
% source logic_generated_tinv_small_1x.tcl

Turn off magic if you confirmed that the subcell layouts are generated (You may see warning messages about saving
the designs. You can ignore the messages, as the cells are actually generated/saved).

3.3 Step 2: DFF layout generation

Now, you can generate the DFF layout by running the following Python and TCL commands.

In [1]: run laygo2_example/dff.py
In [2]: exit

% source logic_generated_dff 2x.tcl
% source logic_generated_dff_ 4x.tcl
% load logic_generated_dff_2x

% select top cell

% expand

Now, you can see a layout of DFF as shown in the following figure.

A= e va e VA O s WORAIRY " .2  AORIGA vo oWt 4 o = e oo oot A 21 3

CATIE AT ] BE i : 7 &
BN SR RN AR R R

L R R A AR O A R R R b
e e e e e e L e e e o L e e oo
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CHAPTER
FOUR

RUN LVS

4.1 Goal : Run Netgen for LVS test

In this tutorial, we will run Netgen over the DFF cell we created in the previous section. Netgen is an open-sourced
program for LVS check. As Netgen can only read SPICE netlists in a restricted format, this tutorial manipulates netlists
accordingly after extraction.

4.2 Step 1 : Extract a SPICE netlist from the DFF cell

For unclear reasons, magic often extracts only a part of netlists from hierarchical cells. So, we have to flatten the
hierarchical DFF cell before we extract the netlist.

%
%
%
%
%
%
%
%

load logic_generated_dff_2x
select top cell

expand

flatten dff_flat

load dff_flat

extract

ext2spice lvs

ext2spice

You can see the colors changed when you load the dff_flat layout.

11
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|

File Console Edit Interp Prefs History He

pmos13 fast space
via M1 M2 8

via M1 M2 1

via M2 M3 @
via M3 M4 8

% select top cell

opmost cell in the window
% expand

i flatten dff_flat

¢ Load dff_flat

¢ extract]

Extracting dff flat into dff_flat.ext:
ext2spice lvs

ext2spice

exttospice finished.

Turn off magic. Ignore the caution again this time, as you don’t need a flat layout file.

One step needs to be done before running the LVS. As the generated DFF cell does not contain taps inside (as typically
the taps are placed as separate instances), we need to manually insert manual taps before running LVS.

You can either 1) manually draw taps by yourself, if you are familiar with magic. Otherwise, use the ‘dff_tap.spice’
file in the ‘lvs_example’ directory in your workspace. This tutorial uses ‘dff_tap.spice’.

Marked part is manually inserted tap '

SRRBARERREL VS S o iy 5 ST 00 BT S K8, U ") o S AR IR KA €S2 6 ) e . g
T SIAE AN | ik R RN TR

-]

L
¥ K
A deb gt L SV o b biER L (] 'f‘«':"'-',?‘-"e}-{é"

)
RIRNG

e

IR o Ll ol > B
N 0 3 AN S A N R O N A N NN 12
o N S 2 A S A B A N S e

AR VAW e RS Ty SO0 TONREONN O Fag (38 DEIQARONOSNONG | AV Y e
3885 3 B A S Ll R AT B Tk (R Ah Kk 23 5505 3 A 00 7 6 S

F3™
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4.3 Step 2 : Edit SPICE netlists from schematic for Netgen

Now we have the extracted netlist from the layout. The next step is extracting the netlist from the schematic for com-
parison. There are many reference articles you can find out online for drawing/extracting netlists from xschem, an
open-sourced schematic editor. For this tutorial, we are going to use ‘DFF_tinv.spice’, which is extracted from xschem
and has the identical topology with ‘DFF_tap’ (the finger numbers are different).

You must delete the parameters defined by the equation before running Netgen. Because Netgen can’t read these
equations and it throws a segmentation fault! Fortunately, key parameters like width, length, and finger number are
constant values. So we simply drop the parameters expressed as equations.

Copy the DFF_tinv file and edit on vim.

$ cd WORK_DIR/1vs_example
$ cp DFF_tinv.spice DFF_tinv_lvs.spice
$ vim DFF_tinv_lvs.spice

Delete mosfet parameters expressed as equations(see highlighted terms). Do this for every .subckt.

subckt tinv X Y VWSS VDD EN ENB . .
: result looks like this 1
0
+.iopin EN .subckt tinv X Y VSS VDD EN ENB
*.iopin ENB E,'_pir; b
XM1 net2 X WSS VSS skyl3e fd pr_nfet @1v8 lvt L=0.15 W=1.2 nf=1 ad='int({(nfsl GDiI‘: Y
)/2) * W/nf * @8.29' as='int((nf+2)/2) * W/nf * 8.29' i
+ pd='2*int{(nf+1)/2) * (W/nf + 8.29)° ps='2+int((nf+2)/2) * (W/nf + 6.29)' ar *.10p1N VDD
d='0.29 / W' nrs='0.29 / W' k.iopin VSS

+ 5a=08 sb=8 sd=6 mult=1 m=2 iopin EN

XM2 netl X VDD VDD skyl3e fd pr pfet 01v8 L=0.15 W=1.6 nf=1 ad="int{(nf+1}/2) i o
« W/nf * 8.29' as='int{(nf+2)/2) * Winf * 8.29" ¥.1opin ENB

é pd='2*int((nf+1)/2) * (W/nf + 8.29)' ps='2*int((nf+2)/2) * (W/nf + 6.29)' nr XMl net2 X VSS VSS skyl3B_fd_pr_nfet_@1v3_1vt L=0.15 W=1.2 nf=1
='8.29 / W' nrs='68.29 / W' L ) = | i i

T T S T s + sa=0 sb=0 sd=0 mult=1 m=2

XM3 Y ENB netl VDD skyl38 fd_pr_pfet 01v L=8.15 W=1.6 nf=1 ad='int((nf+1)/2) KM2 netl X VDD VDD skyl3@_fd pr_pfet 81v8 L=0.15 W=1.6 nf=1
* W/nf * 8.29' as='int((nf+2)/2) * W/nf * 6.29' + 5a=0 sb=0 sd=0 mult=1 m=2

;ng_zéjin'}\'l:Igl;ij';flzl’g..'l':{n? + 0.29)" ps='2*int((nf4+2)/2) * (W/nf + 6.29)' nr XM3 Y ENB netl VDD sk)rl30_fd_p|’__pfet___01\.r3 1=0.15 W=1.6 nf=1

B 5a=0 sb=0 sd=6 mult=1 m=2 XM4 Y EN net2 VSS skyl36 fd pr nfet 01v8 lvt L=0.15 W=1.2 nf=1

XM4 Y EN net2 V5S sky13e fd pr nfet 81v8 lvt L=0.15 W=1.2 nf=1 ad="int((nf+l) + 53=0 sbh=0 sd=0 mult=1 m=2

/2) * W/nf * 8.29' as="int((nf+2)}/2) * W/nf * 8.29'

+ pd='2*int{(nf+1)/2) * (W/nf + 0.29)"' ps='2*int((nf+2)/2) * (W/nf + 8.29)' nr

d='8.29 / W' nrs='6.29 / W'

+ sa=0 sb=8 sd=0 mult=1 m=2

Lends

65,1 B6%

4.4 Step 3 : Run Netgen

Run the following commands for the LVS test with Netgen.

$ cd WORK_DIR

$ netgen

% lvs {lvs_example/dff_tap.spice dff_tap} {lvs_example/DFF_tinv_lvs.spice} SD_permute.
—tcl test_lvs.out

If you get a result like the following figure, you are all set!

4.3. Step 2 : Edit SPICE netlists from schematic for Netgen 13
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' skyl38 fd pr pfet 81vB:0 vs. inv: INV2/skyl3@ fd pr pfet 8lvB:M2:

Property nf in circuit2 has no matching property in circuitl
JCircuit 2 parallel/series network does not match Circuit 1
Mcircuit 1 instance skyl38 fd pr pfet 81v8:0 network:

4 1=08.15
W= 2.4

=
(=B
nww wm

m o nn
=
o
w

1,308

Circuit 2 instance inv: INVZ/skyl3@ fd pr pfet 81vB:M2 network:
m=2

1

=@ @@ |

1.
a.

==
w

ells failed matching, or top level cell failed pin matching.

L
The following cells had property errors:
dff tap

Logging to file "lvs example/test lvs.out" disabled
LVS Done.
(laygo2 workspace skyl3@) 50 %

Now let’s check the output logfile. Close Netgen and open the logfile by running the following command.

$ vim test_out.out

You can see the following result.
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jICircuit 2 parallelysseries network does not match Circulit 1
lcirculit 1 instance skyl30 fd pr nfet @81vEe lvi:20 network:
L= &8.15
W= 1.2
ps = @
W as =28
pd = B
ad = @
L= 8.15
W= 1.2
ps = 3.54
as = 8,684
pd = @
ad = &
Circult 2 instance Llatch: latchl/sinv: INV1I/sskyl3a fd pr nti
m= 2
mult = 1
sd = B
sbh = @
sa = @
nt = 1
W=1.2
L=08.13
Circuits match unigquely.

Property errors were found.
Netlists match uniguely.
There were property errors.

It says netlists match uniquely. But below the note, there are several mismatch messages.

skyl3e fd pr_ nfet @lve lvt:2e vs. latch: latchl/inv: INV1/sk
roperty ps in circuitl has no matching property in circuit2
skyl39 fd pr nfet 8lve lvt:20 vs. latch: latchl/inv: INV1/sk
roperty as in circuitl has ng matching property in circuit2
skyl3id fd pr nfet 81vB 1vt:20 vs. latch: latchl/inv: INV1/sk
Property pd in circuitl has no matching property in circuit2
skyl3® fd pr nfet 81vB Tvt:20 vs. latch: latchl/inv: INV1/sk
Property ad in circuitl has no matching property in circuit2
M ecircuitl: 1 circuit2: 2 {delta=1, cutoff=0)
skyl3e fd pr nfet 81vB8 1vt:20 vs. latch: latchl/inv: INV1/sk
Property mult im clreuit2 has no matching property 1n clrcult
skyli@ fd pr nfet 81vB 1vt:20 vs. latch: latchl/inv: INV1/sk
Property sd in circuit2 has no matching preperty in circuitl
skyl3e fd_pr nfet 8lve lvt:28 vs, latch: latchlsinv: INV1/sk
Property sb in circuit2 has no matching property in circuitl

The parameter mismatch messages come from 1) parameter naming differences and 2) the finger differences between
xschem and magic. For example, magic uses ‘1’ for the MOSFET channel length whereas xschem uses ‘L. Netgen
cannot catch that they are actually equivalent. For fingered transistors, xschem uses m=2 (or nf = 2), whereas magic
prints parameters of each finger of MOSFETs. As a result, these two circuits are identical even though Netgen
throws the parameter errors. Even when there are serious parameter mismatches, you can catch them by reading the
log.

4.4. Step 3 : Run Netgen 15
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CHAPTER
FIVE

LIBRARY MANAGEMENT

5.1 Personal Library

Create a directory with the same name as the library in the magic_layout directory

(base) hjpark@sonic-400TCA-4005CA: /WORK/laygo2_workspace_skyl30% cd magic layout/

(base) hjpark@sonic-400TCA-400SCA: /WORK/laygo2_workspace_skyl30/magic_layout$ 1s
logic_generated skywaterl3e microtemplates_dense

{base) hjpark@sonic-400TCA-400SCA: /WORK/laygo2_workspace_skyl30/magic_layout$ mkdir newLib
{(base) hjpark@sonic-400TCA-400SCA: /WORK/laygo2_workspace_skyl30/magic_layout$ 1s
logic_generated newlLib skywaterl3@ _microtemplates dense

(base) hjpark@sonic-400TCA-4005CA: /WORK/Laygo2 workspace_skyl36/magic_layout$

Add new library path in ‘.maginit_personal’ file in workspace directory.

]
x

= hjpark@sonic-400TCA-400SCA: /WORK/laygo2_workspace_sky130 Q

hjpark@sonic-400TCA-4... hjpark@sonic-400TCA-4... hjpark@sonic-400TCA-4... =~ =

addpath /WORK/laygo2 workspace skyl3@/magic_ layout/skywaterl3@ microtemplates dense
addpath /WORK/laygo2 workspace skyl3@/magic layout/logic generated
addpath /WORK/laygo2 workspace skyl30/magic layout/newLib

Now you can use this library. See “Testing the new libraries” section for instructions on how to determine which library
your Python code will generate layout files to.

5.2 Public Library

You can create library directory outside of workspace directory also.

17
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= hjpark@sonic-400TCA-400SCA: /WORK

hjpark@sonic-400TCA-4... hjpark@sonic-400TCA-4... hjparki

(base) hjpark@sonic-400TCA-4005CA: /WORK/magic_layout$ cd ../
(base) hjpark@sonic-400TCA-4005CA: /WORK$ 1s

hjpark [ laygo2_workspace_skyl30 magic_layout
(base) hjpark@sonic-400TCA-400SCA: /WORKS$ I

Add new public library path in .maginit file.

=1 hjpark@sonic-400TCA-4005CA: /WORK/hjpark/temp/laygo2_workspace_sky130

hjpark@sonic-400TCA-4... hjpark@sonic-400TCA-4... hjpark@sonic-400TC#

source $CAD ROOT/magic/sys/skyl3@A.magicrc
addpath /WORK/magic layout/logic train
source .maginit personal

If you are working on a team project, You can use this kind of public library. However, this method requires editing
and sharing the tracked ‘.maginit’ on Github. In this case, consider using a forked workspace repository. When a
project master forks the repository and the team members clone the forked repository instead of the default workspace
repository, tracked files can be reliably modified and shared via Github.

5.3 Testing the New Libraries

To change generation path, you have to change some variables in python code. First, change the libname into new
library name(logic_generated -> logic_train).

# Design hierarchy

libname = 'logic traiff’

cellname = cell type+' '+strinf)+'x’

ref _dir template = './'#laygo2 generators private/magic/logic/’

ref dir MAG exported = './'#laygo2 generators private/magic/leogic/tcl/’

# End of parameter definitions #####2

Then, change ‘libpath’ into where logic_train directory is placed. The ‘libpath’ is a parameter of the function
“laygo2.interface.magic.export”. In this tutorial, libpath = “/WORK/magic_layout”

# 7. Export to physical database.
print("Export design")

# Uncomment for BAG export

laygo2.interface.magic.export(lib, filename=ref dir MAG exported +libname+' '+cellname+'.tcl', c
ellname=None, libpath:'/WORK/Hagic_Iayout', scale=1, reset_library=False, tech_library='skyl30A’
)

Generate TCL and mag file in the same way as in the previous section.
Close magic and check if the mag file is generated in logic_train.

Open magic again and load the layout itself in the public library.
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% load logic_train_tinv_small_1x

You can see the layout is loaded. Now you can use this library through laygo2.

Scaled tech values by 2 / 1 to match internal grid scaling
Loading skyl30A Device Generator Menu ...
MNew windows will not have a title caption.
New windows will not have scroll bars.
New windows will not have a border.
Using technology "skyl3@A", version 1.8.385-8-g8e5afcc
Root cell box:
width x height ( 1lx, 1ly ), ( urx, ury ) area (units"2)

microns: 8.818 x 98.018 ( 0.0008, ©.000), ( 0.010, ©0.018) 0.000
lambda: 1.00 x 1.00 ({ e.e@, @.08 ), ( 1.8@, 1.80 } 1.90@
internal: 2x2 { e, @ b f 2, ] 4

Main console display active (Tcl8.6.10 / Tk8.6.10)

% load logic_train_tinv_small 1x

Scaled magic input cell logic train_tinv_small 1x geometry by factor of 2
% |

5.3. Testing the New Libraries 19
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CHAPTER
SIX

INDICES AND TABLES

* genindex
* modindex

¢ search
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