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The SkyWater Open PDK

PDK ="Process Design Kit"
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The SkyWater Open PDK
SKY130

130nm minimum-length transistor’

transistor
length =
’\ 130nm
"feature size"

‘caveat: for obscure reasons, the minimum size device
In the SKY130 process is actually 150nm. . .
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The SkyWater Open PDK

Public repository

Documentation
https://skywater-pdk--136.org.readthedocs.build

PDK Library and files
https://github.com/google/skywater-pdk

Community

z slack

https://join.skywater.tools
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open_ pdks

http://opencircuitdesign.com/open_pdks
https://github.com/RTimothyEdwards/open_pdks



Open-Source EDA Tools

open_ pdks

http://opencircuitdesign.com/open_pdks
https://github.com/RTimothyEdwards/open_pdks

Open-source PDK repository

v

open_pdks

Makefile
' \ \
magic openlane

ngspice Xxschem



Open-Source EDA Tools

open_pdks | giens to installing the SKY130 PDK

1. Clone the repository
"git clone https://github.com/RTimothyEdwards/open_pdks"

2. Run "cd open_pdks"

3. Run "configure --enable-sky130-pdk"

4. Run "make"

5. Run "sudo make install"



Open-Source EDA Tools
Tools Currently Supported by Open PDKs

Magic http://opencircuitdesign.com/magic

File | Edit | Cell | Windowl Layers | Drc
Open...
Save..

Options | Devices 1 | Devices 2 |BEiipE(=0

Flush changes

Read GDS
Write GDS

Save All and Quit
Quit {(~shift_Q)

5 I N |
155 1 O

ey

)
B
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Open-Source EDA Tools
Tools Currently Supported by Open PDKs

Klayout https://www.klayout.de




Open-Source EDA Tools
Tools Currently Supported by Open PDKs

Openlane
https://github.com/The-OpenROAD-Project/OpenLane

SW PDK
The OpenLane Flow 7




Open-Source EDA Tools
Tools Currently Supported by Open_PDKs

Xschem https://github.com/StefanSchippers/xschem

File Edit Options View Properties Layers Tools Symbaol Hilight Simulation aves  Simulate  Netlist Help

ouse = 3250 -500 - library_t7y/bandgap selected: 0




Netgen

[® tkcon 2.3 Main
File Conscle Edit Interp Prefs History Help

Open-Source EDA Tools
Tools Currently Supported by Open PDKs

http://opencircuitdesign.com/netgen

[Circuit

[CLrcult
Circuit

| Result:
[Logging

Class:
Class:
Class:
Class;
Class:
Class:
Class:
Class;
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class;
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class; d
Class:
Class:
Class:
Class:
Class:
Class:
Class:

WDDPADFC
LS 3vx2
axtocO2 3v3
raven_soc
TN 3VX2
BET4F
dn3
arcocOl_3v3
acsocOd 1va
CORNERESDF
DFRX2
apllco3 1v8
LOGICI_3V
adaccOl_3v3
GNDORPADF
EBCUD4F
aadccol_3v3
VODPADF
atmpcOl_3v3
AMUX4 3V
aporc02_3v3
LOGICO_3V
BBCAF
ICcF
abgpcol_3v3
BT4FC
raven_spi

n

VDDORPADF
PONERCUTVDDZFC
acsoc02_3v3
BU_3Vx2
acsocOl_3v3

AMUX2 3V

ICFC

contains 1616 nets.

1 contains 542 devices, Circuit 2 contains 536 devices,

1 contains 1615 nets,

Netlists do not match.

instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:
instances:

—

—
B B e G e ) e R O B b L0 R L e e e

w

Circuit 2 contains 1616 nets.

to file “comp.out"” disabled

LVS Done.
(mag) 50 %

ik MISMATCH #:kk
#ek MISMATCH #%%

BT4FC (1)

aadccOl1_3v3 (2)

aopac01_3v3 (1)

acsoc02_3v3 (1)

LOGIC1 3V (4)
XSPRAMBLP_1024X32 MBP (1)
adaccel_3v3 (1)

raven_soc (1)

LOGICO 3V (13)

DFRX2 (3)

IN_3vXx2 (1)

abgpcOl_3v3 (1)

dn3 (1)

acsocO1_3v3 (1)

aporc®2_3v3 (1)

AMUX4_3V (4)

acmpcOl_3v3 (1)

arcocl_3v3 (1)

Number of devices: 542 **Mismatch**
Number of nets: 1615 **Mismatch**

|BT4FC (1)

|aadccOl_3v3 (2)

|aopac®1_3v3 (1)

|acsoc@2_3v3 (1)

|LOGIC1 3V (4)

| XSPRAMBLP_1024X32_M8P (1)
|adacc@l_3v3 (1)

|raven_soc (1)

|LOGICE 3V (13)

[DFRX2 (3)

JIN_3VX2 (1)

|abgpcol_3v3 (1)

|dn3 (1)

|acsoc@l_3v3 (1)

|aporce2_3v3 (1)

|AMUX4_3V (4)

|acmpcl_3v3 (1)

|arcocel_3v3 (1)

|Number of devices: 536 **Mismatch**
[Number of nets: 1616 **Mismatch**

NET mismatches: Class fragments follow (with fanout counts):

Circuit 1: raven

Net: VDD3V3
raven_spi/vdd3
cmm5t/1 = 160

B Ls_3vx2/vDD3V3

|Circuit 2: raven

Net: overtemp_ena
raven_soc/overtemp_ena
LS _3VvX2/A = 1




Open-Source EDA Tools
Tools Currently Supported by Open_PDKs

Ngspice https://Ingspice.sourceforge.net

MIXED MODE - MIXED LEVEL NGSPICE SUNMIMARY

NGSPICE CIRCUIT SINMULNATOR

v, SN\SED ON 3ERKELEY'S SPICE3FS
N4

Extras/Options | Applications | Development | Simulation Environments

ngspice - open source spice simulator

y

Ngspice Home ngspice is the open source spice simulator for electric and electronic circuits

Such a circuit may comprise of JFETSs, bipolar and MOS transistors, passive elements like R, L, or C, diodes
transmission lines and other devices, all interconnected in a netlist. Digital circuits are simulated as well, event
driven and fast, from single gates to complex circuits. And you may enter the combination of both analeg and
digital as a mixed-signal circuit

ngspice offers a wealth of device models for active, passive, analog, and digital elements. Model parameters are
provided by the semiconductor manufacturers. The user add her circuits as a netlist, and the output is one or more
araphs of currents, voltages and other electrical quantities or is saved in a data file

ngspice does not provide schematic entry. Its input is command line or file based. There are however third party
interfaces available

00 20 440

Diice_gereranogspicelexanpieikvanayo 11 A Sreaty- o

ngspice is SPICE compatible. You may apply PSPICE or LTSPICE device model parameters and netlists for
simulating discrete circuits. ngspice will also read HSPICE device libraries from semiconductor foundry PDKs for
simulating integrated circuits

ngspice builds on many operating systems. The source code and binaries for MS Windows and macOS are
available for download on our sourceforge download page. All popular Linux distributions, Cyawin or FreeBSD
offer ngspice as well. The FA.Q. and docum: tion pages provide a lot of information, a detailed manual is
available. Mailing lists, discussion forums and a bug tracker are offered

If you are new to Spice and ngspice, don't hesitate to give it a try, if you are a professional user, you will benefit
from its robustness and flexibility.

CEFORGE

Alltext is available under the terms of the GNU
Free Documentation License



Open-Source EDA Tools

Tools Currently Supported by Open_PDKs
Iverilog
https://iverilog.icarus.com
gflow
http://opencircuitdesign.com/qflow
IRSIM
http://opencircuitdesign.com/irsim

Xclrcuit
http://opencircuitdesign.com/xcircuit
Xyce
https://xyce.sandia.gov
fun fact. These slides were drawn with xcircuit!



Open-Source EDA Tools
SkyWater SKY130 Libraries

1. Digital standard cells
sky130 fd sc

sky130 fd sc
sky1l30 fd_sc

nd
NS

_Ip

S
S
S

Ky130 fd
Ky130 fd

Ky130 fo

2. Primitive devices / analog

sky130 fd pr

3. 1/0O cells
sky130 fd io

4. 3rd-party libraries
sky130 ml xx hd

sky1l30 sram_macros

~sc_hdll
~sSc_ms
_SC__ “hvl

sky130 fd sc s



Open-Source EDA Tools
PDK (e.g., SKY130) Installed Filesystem Structure

fusr/share/pdk/

:

sky130A/
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SkyWater SKY130 Installed Filesystem Structure

fusr/share/pdk/

:

sky130A/

N

libs.tech/ libs.ref/



Open-Source EDA Tools
SkyWater SKY130 Installed Filesystem Structure

fusr/share/pdk/

:

sky130A/

N

libs.tech/ libs.ref/

magic/ /

openlane/
xschem/



Open-Source EDA Tools
SkyWater SKY130 Installed Filesystem Structure

fusr/share/pdk/

:

sky130A/

N

libs.tech/ libs.ref/

magic/ / x

sky130 fd sc_hd/
openlane/

ky130 fd_pr/
xschem/ sky130_fd_io/

wn




Open-Source EDA Tools
SkyWater SKY130 Installed Filesystem Structure

/usr/shalre/pdk/
sky130A/
libs.tech/ libs.ref/

/ l spice/
magic/ ” sky130 fd sc_hd/ mag/
openlane/ sky130_fd_io/ _ |ib/
xschem/ sky130 fd pr/ lef/
ngspice/ gds/

verilog/



Open-Source EDA Tools
Open PDKs Project Filesystem Structure

project_root/ e.g., 'ny skyl30 project”



Open-Source EDA Tools
Open PDKs Project Filesystem Structure

project_root/ e.g., 'ny skyl30 project”

:

xschem/
spice/
mag/
openlane/
verilog/



Open-Source EDA Tools
Open PDKs Project Filesystem Structure

</usr/share/pdk/ project root/ e.g.,"my_skyl30 proj ect"
sky130A/
libs.tech/
mag/
QmagIC/ - -~ .magicrc
sky130A.magicrc wschem/

xschem/ \,xschemrc
(\xschemrc



Open-Source EDA Tools
Open PDKs Project Filesystem Structure

Project Management
/usr/share/pdk/scripts/project_manager.py

(work In progress)
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Layers

SKY130
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Understanding the SkyWater PDK

SkyWater Sky130A metal stack (not to scalel):

Layers

- 5layers of aluminum metal

plass cut
5.2523pum
11,8834 ym #0'54 pr TOPOX K=3.9 1
6.1346 pm 0.09 pm
PI1 K=294 +
metal5 126pm
L §
03777ym  TOPNIT K=7.5
3 via3
T T ¥ 0.505 ym E cap2m viad
53711 pm NILDé K=40
metald 0.B45pm
1 #0-391"[“ IJ&LI capm via3
0211 pm NILDS K=4,1
metal3 0.B45pm
+ #0.42;;:1 via2 | NILDM_C K=3.5
2,7861 ym NILD4 K=42
metal2 0,36 ym
+ ¢U-ﬂum vial NILD3_CK=3.5
20061 pm NILD3 K=4.5
+ metal | 0,36 ym
+ 0,365 ym ¥
13761 NILD2 K=4.05 0.075 m meon TINTK=73 | {
LINT K=7.3 | A li | 0.1pym
10111 { ticon | " 10X K=3.9 ¥ y }
PSG K=3.9 “ 0.6099 SPNIT K=7.5 0.121
09361 ym + field poly Y . polysilicon = .18
Y 0.3262ym POXK=3.9 gate LS
k diffusion .12 ym

P

nwell

T
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Understanding the SkyWater PDK

SkyWater Sky130A metal stack (not to scale!):

A

A

Layers

P

plass cut
5.2523pum
11,8834 ym #0'54 p TOPOX K=3.9 1
6.1346 pm 0.09 pm
PI1 K=2.94 }
metal5 126pm
Y
0.3777um  TOPNIT K=7.5
¥ | via3
T T ¥ 0.505 ym E cap2m viad
5.3711 NILD6 K=40
metald 0.B45pm
1 #0-391"[“ IJ&LI capm | via3 |
40211 pm NILDS K=4,1
metal3 0.B45pm
+ #0.42;;:1 | via2 | NILDM_C K=3.5
2,7861um NILD4 K=4.2
metal2 0,36 ym
+ ¢U-ﬂm | ial | NILD3_CK=3.5
2,0061 pm NILD3 K=4.5
+ metall ¢ 0.36 ym
+ 0,365 ym ¥
13761 NILD2 K=4.05 Fy 0.075 pm o ONTK=73 | {'
LINT K=7.3 | A li | 0.1pym
I
10111 -on 3 10X K=3.9 t i }
PSG K=3.9 N K=7 0,121
09361 ym + field poly 0'60?9 Ll NP S[l),(l:jg‘ilim 2 + u 018
Y * 0.3262ym POXK=319 gate LS *
i L diffusi J) 0.12m
p-subsirate T

Titanium Nitride (TIN)
aka "Local interconnect”



Understanding the SkyWater PDK

skyl130 fd sc hd nand2 2

£ | i - local

" (blue)

B~ interconnect
' (blue)

strapped with
metall

(purple)



Understanding the SkyWater PDK
Layers

poly contact

i /
T nitride poly

cut layer
(NPC)

________



Understanding the SkyWater PDK

back-end metal stack

metal5 I 1.26 um
viad
metal4 I 0.845um
via3
metal3 I 0.845um
via2
metal2 } 0.36 um
vial
metall } 0.36 um
mcon |
| + 0.1um

local interconnect



Understanding the SkyWater PDK

front-end layers

local interconnect
I [ | I

licon licon licon licon polysilicon
tp-diffusion) |n-tap| |p-tap| t n-diffusion J

nwell pwell
- N\ J




Understanding the SkyWater PDK

front-end layers

local interconnect
I [ | [ | I

polysilicon gate

licon licon licon

@ M t n-difiusion J nwell
nwell pwell

. AN AN J

L deep nwell J




Understanding the SkyWater PDK

high voltage layer (HVI)

==

i [ >—3.3V busses

GPIO pad 3.3V on pad

3.3V busses

+ 1.8V busses
’

\1.8V core signals



Understanding the SkyWater PDK

MIiM cap layers

top
capacitor M)
\ | viad | Capzm viad
metal4 metal4
_ V|a3| _
via3 | capm via3
metal3 f metal3
bottom

capacitor



Understanding the SkyWater PDK

Redistribution layer

RDL
(Copper)

viaPI1

metal5

viad

metal4

4.0 um

5.25um

¢126pm

} 0.845um



Understanding the SkyWater PDK

Redistribution layer
RDL

under-bump material (UBM)
via PI2

L Ay—h Al | solder
- )1 | bump




Understanding the SkyWater PDK
Devices



Understanding the SkyWater PDK
Devices

bipolar NPN base

pwell in
deep nwell

; L

; e

; L

e

; L

e

; s e
i IS, LIS AAS ’

o G

| s 7 g

o ; Y

; s s i
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emitter

f 7 e 7 L 7 77 [ ] [ ]
i

f e e e
i

f e e e

f i
e e

f 7 s o P 7 77




Understanding the SkyWater PDK

Devices
bipolar PNP emitter
p diffusion
base
n well
collector

Use 28 licons in collector to match PNP model p S u bstrate




Understanding the SkyWater PDK
Devices

polysilicon resistors

~— resistor length —



Understanding the SkyWater PDK

Devices

diffusion resistors

n diffusion
resistor on
substrate =

\‘ =

B

—

=

A

1

p diffusion

resistor In
nwell



Understanding the SkyWater PDK
Devices

pwell resistor

i< 26 um =i
I // | 1|
ﬁv\\’/vee”” n dee/p \n well

n well



Understanding the SkyWater PDK

Devices

Discrete widths

| = == | Wldtq = 0.35um
= = width = 0.69 um

22 f|  width=1.41um
| width = 2.85um

width = 5.73 um




Understanding the SkyWater PDK
Devices

Reference layouts

' . RF0.18V pFET
4 fingers

width = 3.0 um
length = 0.15um

R

@I KR

| =R
| RiRER



Understanding the SkyWater PDK
Devices

Hidden mask layers

PSDM mask

/ POLYRES ID layer
RPM mask



Understanding the SkyWater PDK

Libraries



Understanding the SkyWater PDK

Libraries

Digital standard cells

/0O cells

Primitive devices and models



Understanding the SkyWater PDK

Libraries

Digital standard cells
@v»ﬂwb&mvb@«ww

3 buf nand2 nand3 nand4 nor2 nor3 nor4 and2 and3 and4 orz or3
con
J| \|u -1\“ ‘ u lu - u? \_
) g + P
xor2 xor3 xnor2 xnor3 einvn einvp ebufn clkinv clkbuf \muz muxE\ nandz2b
i
muxd
] N o i i o
|| \ )} n— u ‘|| ql —ur No— u | u u? i u \,, .u-\ u?
|/ g =t A 1 1 =« g2 x2
nandsh rnandflh (panddbb . mo2b . onor3b . nordb . nordbb ., and2b,,  andsb, anddb,  andabh, orzb ordb
59 fq‘ U\ i :Dm.uzg [;”mi;
x1 =1 —
] {{_/ i 15 b
or4b ordbb £
dfxtp dip
dlbhn
u? =
dixhp ~hn | fahcon | fahcin
) A sum A Eom \ UM — \ b
I B
4] IC, (
GATE wava
dirbp dlxbn dixop dirbn diclkp fah fahean fahein
NN e T e
,_/D 7‘_/| woh /’E} ‘u‘->c_.. A N u\"
) i ) x1 > x
-_/ — ! 7 e /D—
azlo ozia adloi a3loi a21boi 13”‘,,
azzzm
oz1ai adlo odtai o4tai
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Understanding the SkyWater PDK

Libraries
Digital standard cells

Naming convention:

sky130 vendor library—type[ name]
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Libraries
Digital standard cells

Naming convention:

sky130 vendor library—type[ name]

sky130 fd sc_hd

|

high density

foundry
standard cells



Understanding the SkyWater PDK

Libraries
Digital standard cells

Naming convention:

sky130 vendor library—type[ name]

library: skyl30 fd sc hd

cellname: skyl30 fd sc _ hd nor2 2

LJr o



Libraries

correct: abutment
too far apart

boxes touching
too close together

'K =
E 5 XK

CRE = K X X = X ® |

Understanding the SkyWater PDK

Digital standard cell abutment (when placed manually)

oz KK & BN EX E XK

| I XX I MRX KE I IN K bz
TRR |y BX MK 5 XX
KXX (KK REE & KK CEREN  HH
BRE ¢ KK M E B HEXE EHRRCE
IR R - BEEE XK 5
| KKK KKK 5 K- X K X
TREE ¥ K HNEX & K
= 5 = = . -
 KMMK M X REKXK = K el MR
P B K | = } e K i
oMK K = R = X M HE 5 =
CRKKN 5 K S SRR = e
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Digital standard cells
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Understanding the SkyWater PDK

- -
e 20 Libraries
i, wdlo hid_h_n —
slow
virip_sel
inp_dis []
Input/output
hid_owvr
veed
[ ] /
«| Sky130 fd 10
Y v Y. ¥ — —
oe_n —j >
out — >
o
g
@
in < Dy vssio
in_h
enable_inp_h — .,,,_.5 fo l I n d ry
must be tied of W ar b rafernce
(L . -
vddio — £
: veehib — :
ib_mode_sel ~
! enable_vddio s
o LS| 0 pP—
i  enable_vdda_h [ ———
i vdda ¥
B PP . —>|LS o e
| analog_en » LS B 0 | Break
F—] — befoe
analog_sel » LS » 0 | Make
i analog_pol > LS » 0 [
i veed LI il
enable_vswitch_h : T
i wswitch ;
amuxbus_a : | B
amuxbus_b
Sl st o [ e ] ¥ ~t500
VESIO WA——
tie_hi_esd —— £ ) -4
_ i vddio g
tie_lo_esd —— £
i ~1500
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~ 1500
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Figure 3: GPIO V2 Block Diagram



Understanding the SkyWater PDK

Libraries
/O cells

sky130 ef io

efabless

overlay connects
clamps to power
rail

— overlay connects
e — pad to power rail

skyl130 ef io_ vccd Ivc_clamped2 pad



Understanding the SkyWater PDK

Libraries

primitive devices and models
sky130_fd_pr —— primitives

foundry



Understanding the SkyWater PDK

Libraries
primitive devices and models

sky130 fd pr

RF frequency
reference layout

RF 0.18V pFET
4 fingers

width = 3.0 um
length = 0.15um




Understanding the SkyWater PDK

Libraries
primitive devices and models
skyl130 fd_pr

vertical
parallel
plate
capacitor

(Vpp cap)

cap_vpp_06p8x06pl I1mim2m3_shieldpom4



Understanding the SkyWater PDK

Libraries
SRAM openRAM

sky130 sram_macros foundry (not yet
sky130 fd bd sram —— available)

B & 5 ¥ & s dual-port
E ~ b |'t ce ”



Understanding the SkyWater PDK
Libraries

NVRAM

SONQOS nFET transistor
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gate
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Open Source Tools and Flows

or. . . How can you design something?



Open Source Tools and Flows
A simple manual design flow

1. Schematic



Open Source Tools and Flows
A simple manual design flow

1. Schematic
Xxschem

File Edit Options View Properties Layers Tools Symbol Hilight Simulation aves  Simulate  Netlist Help

. 0555_|ir_t7;agp eetd: S




Open Source Tools and Flows
A simple manual design flow

1. Schematic/ ngspice (analog simulation)

Xxschem - gaw (waveform viewing)

File Edit Options View Properties Layers Tools Symbol Hilight Simulation aves  Simulate  Netlist Help




Open Source Tools and Flows
A simple manual design flow

1. Schematic

277

:

2. Layout



Open Source Tools and Flows
A simple manual design flow

1. Schematic . .
simulate (ngspice)

/

export — netlist
(SPICE format)

2. Layout



Open Source Tools and Flows

1. Schematic

export —-

2. Layout

netlist
(SPICE format)

y

generate (magic)

/

A simple manual design flow

simulate (ngspice)



Open Source Tools and Flows
A simple manual design flow

Parameterized devices In magic
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Open Source Tools and Flows
A simple manual design flow

Parameterized devices In magic

[® layout1 &5 e

File I Edit I Cell I W|nd0w| Layers | Dre I Options I Devices 1 | Devices 2 I | DRE=0
Open...

————_ nmos (MOSFET)
Save... %

pmos (MOSFET)

Flush changes
| n-diode

. p-diode

Read GDS
Write GDS

MOS varac tor

Save All and Quit |
Quit {~Shift_Q)

NPN 1.0x%1.0
NPN 1.0 % 2.0
PNP 3.4 x 3.4

inductor 1
inductor 2
inductor 3

substrate contact (1.8V)
substrate contact (5.0V)
deep n-well region

mecan

vial

via2

via3

viad




Open Source Tools and Flows

Parameterized devices In magic

@ params HEHEMN
New device: skyl30 fd_pr_nfet 01w  Library;  skyl30 A
Cellname:  (default) Instance: |[(default)

@ layout1

F;Ie_le_n:_Iﬂ] Window l Layers lﬂ’ Options I Devices 1

Cpen..
Save...

[JEBEEERd| viDRC=0| Loaded: (UNNAK
1|

Flush changes

Read GDS
Write GDS

Save All and Quit
Quit

(~shift_Q)

Width (um) [0.420
Length {um) |0.150
Fingers [
M 1
Device type skyl30 fd pr_ nfet 01ve

Diffusion contact coverage (%) 100
Poly contact coverage (%) 100
Guard ring contact coverage (%) 100
Guard ring top/bottom contact coverage (%) 100
Overlap at poly contact [
Overlap at diffusion contact v
Add top gate contact |
Add bottom gate contact v
Add guard ring |
Full metal guard ring v
Add left guard ring contact v
Add right guard ring contact v
Add bottom guard ring contact v
Add top guard ring contact v
Source via coverage [+/-](%) 5100
Drain via coverage [+/-](%) 5100
Gate via coverage [+/-](%) 100
Bottom guard ring via coverage [+/-](%) o
Top guard ring via coverage [+/-](%) o
Right guard ring via coverage [+/-](%) o
Left guard ring via coverage [+/-](%) o

Create Create and Clase | Reset Close

A simple manual design flow

parameter selection

— window



Open Source Tools and Flows
A simple manual design flow

1. Schematic . .
simulate (ngspice)

/

export —- netlist
(SPICE format)

2. Layout | generate (magic)

iImport —-

Initial layout




Open Source Tools and Flows
A simple manual design flow

Example initial layout of devices in magic,
iImported from schematic

,g.:,
:E:;E
,g.:,
B B ‘ B I ] ' 1 EEE, i
i | 708 | I | Py | oo
. M Nnmm- MEEEM @M'Mﬁ_ﬂﬁmmﬁxaﬁxgﬂiﬁwgmmm I ﬁ
a.mﬂa'na B T B T B g = &8 =
= ———— == L ] L 1

. : RN /
transistors capacitorr

resistor



Open Source Tools and Flows
A simple manual design flow

Analog example layout
work In progress in magic

transistors

capacitor



Open Source Tools and Flows
A simple manual design flow

1. Schematic

export —- netlist
(schematic | (SPICE format)
capture)
2. Layout
export —- netlist

(extraction) | (SPICE format)




Open Source Tools and Flows
A simple manual design flow

1. Schematic
export —= netlist

(SPICE format)

¢

LVS (netgen)

2. Layout T

export —- netlist
(SPICE format)




Backend validation DIY

Running a simple example through the entire validation flow

1. xschem Create a schematic
2. ngspice Simulation validation
3. magic Layout, DRC validation

4.netgen  LVS validation



