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Automation Is nhot new...
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State of the Art in Analog IC Design Automation
The underlying Methods — Overview of (some) former Work

Expert Design Plan
Toolbox approach
with own language

Berkeley Analog Generator

Proprietary PDK
Python framework
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Why vet another approach?

* Electrical engineering # Computer science

* Analogue design competence # Programming competence

* Ensure the focus on the needs of analogue designers (not programmers)
* Make exchange of design procedures as simple as passing on a schematic

* Lightweight setup, PDK & tool agnostic, open for any tool extension

© Carinthia Institute for Microelectronics
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Assume you need a Schmitt-trigger
for TSMC 65nm — given spec: Vil, Vih, Vihys.

One might probably think it is trivial, but...

) - Vop
* ... how to choose the design (and from where)? ] _fﬁa y Yo
P 6 VoD —
‘j T N i
| - s = ” |
* How long would it take to design it? '“E é 1
v, v |
Or just let an optimiser like e.g. Wicked find them? R ! '.
= M, i
: : L " L
* How long would it take to verify (at least PVT)? al - LN e
= L i H H DD
{a) (b)
° HOW tO pOSt-prOCESS and document the results? Fig. 1. CMOS Schmitt trigger and its transfer characteristic.
I. M. Filanovsky and H. Baltes, "CMOS Schmitt trigger design," in
IEEE Transactions on Circuits and Systems I: Fundamental Theory
. and Applications, vol. 41, no. 1, pp. 46-49, Jan. 1994

What about quickly reacting on a spec update later on?
Or what about re-use for e.g. TSMC 28nm?

Carinthia Institute for Microelectronics
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Circuit generation with CCC

» Get the Jupyter notebook of this generator from a lib or just a colleague

Vdd

] i 22 ;
8" 2 : : 22 .t

‘-Op y "temeNGS5 " = ! ! 2.2 .y

s tsmchNBS B H 1 2.75V, -40.0°C, fs

'\-‘h p tech = "tsmclg" tSI | lCN65 = a4 ! ! —— 275V, -40.0°C, fs

i | 2.75V, -40.0°C, sf

] L : = i 1 75V, -40.0°C, sf

] | | hasi

. # basic (generic) elements to use, iIf one wants e.g. a specific 1.2V ( d MP12 i i AL 05C
= N ! ! 2,75V, -40.0°C, s
Rl s = 1 MN25/MP25 ' |
| - pmos = "MP" 021 ! | —— 2,75V, -40.0°C, ff
! ! 2,75V, -40.0°C, ff

1 1 1

L~ Mln # note, the generator 1s PDK INDEPENDENT! Thus, we i i — 2
s ] 3 1 1

# 1de eature sizes | 1 2.

fac 1 ar se MNI2
gesign, uUse MNi:s anc

Vss

6 07 08 09 10 11 12 13 14 15 .
VinlVas [VIV] actronics
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How can CCC handle “any”

| meeeeseseseseeceoenl T T T EEEE Sfipeinfiosionioniiienfopfiupfiuriiy
Tested | : 5 / » rewrite for new tool: |} ‘
o\ ‘ » P I I
for TSMC: =\ ; i :
; 5 | : : _ i :
eonm gl | g : 3 : s ot - i
- 65nm s | 3 : 4‘5* : = I Z :
) Q « » — ! : :
w2 » : O : : » el «
= | 2 . - - ol > :
s/ : ~ : © R :
® /) E : I :
I E ‘ A OO ----------.: E E
l : : !
’ o I : :
, ‘ AAAAAAAS R IAASSShAhhhs bt : , :
: p » ] . | [} » (
. : | 1 | mapping, | K :
: ' look-ups -t | generator |« PDK
; tool/technology : | : : :
» independent ! . | , - . . _ :
Juser 01151r011111011t ' : one per PDK | meta-map > 'commercial vendors !

: : I ‘ >

A designer does not need to worry about this!

Carinthia Institute for Microelectronics
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tsmchN28 tsmcMNGS tsmcls
MM nch mac nch mac NMOS2v _ mMac
MP pch_mac pch_mac pmMos2v_mac
MML nch vt mac
MPL pch vt mac
MMH nch vt mac
MPH pch hvt mac
MNO9 nch_mac
MPO9 pch mac . . .
MN12 nch 18ud12 mac ch mac Note: one can still use ANY library/cell from
MP12 pch_18ud12_mac pch_mac \ar- a PDK, but note that your notebook will not
MNLS | nch_16ud15 mac ctner © be technology-independent anymore
MP15 pch 18udlS mac \eke \’i\.\ S\\o\e\ gy P y .
MMN18 nch 18 m=- Comp 90 NMos2yv mac
MP18 r-r“‘ \,e ¢ - e.B L nac pMos2v_mac
MN25 . \ioX (\e\'\ce .e:N_25_mac
MPE’(‘(\\S (e pch 25 mac
MM33 ﬁ e\le“ nch 250d33 mac NMOS3V_ mMac
mp33 © pch_250d33_mac pmos3v_mac
MMNSD
MPSD
MMNH25 nch w25 mac
MPH25 pch hw25 mac
RP rpodwa m rppolywo_m rphpaly  dis
RN moadwa m mpoalywo_m mhpoly dis
CM
cpP see XX see
aN Carinthia Institute for Microelectronics
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What does agile design mean in CCC context?

[T NoMachine - vux30

¥ Applications # [Library .. Spyder (... ] Terminal =] Termina A Virtuos B ADE L(1... -08.09.2024 Wolfgang Scherr

@ [opt/si... |
/opt/sim/soda/scherrwo/ringosc_3_tb/spectre/
schematic/netlist/input.

File Edit Search Source Run Debug Consoles Projects Tools View Help =
Launch File Edit View Create Check Options Window Calibre Help cadence
[~ 5] > Eg N » ~ ¢ 1, S — - T— E———— ‘ Py
B e ¥ 2L : (=N =" | 0 @ %X @ T, ¢ R-T-=->I1Q Q88 L1 »E
= = e | B Q- B - -
= ‘1.5 _extra... X CSAMP Generator X first_experiments X lay test X cmos_eval X ucox_t{. 4 ﬁ k 1‘ = =
sac e St §
v3 5] £:0 O I [=] sim Time
= Navigator g X
B + X @ [ RunsSelected Cell Interrupt Kernel Restart Kernel... » Code v Schematic
session.CreateInstanceAndConnect(sch, “", nmos, "Mln", x+1, y-1, ringosc_3_tb
"D":"Vx@", "G":“EN", "S":"Vss", "B":"Vss"},|voOBjECTS
"w":f2s(Wnmin), "L":f2s(Ltyp), "NF":"2"}) Al
Instances 4
Nets 4
Pins
Nets and Pins e b
s ~ GROUPS = 5 "
session.CreateInstanceAndConnect (sch, Cells B D e B @B
2852 Types Launch Session Setup Analyses Variables Outputs Simulation Results Tools Calibre Help cadence =
SIS L= N
2
Design Variables Adoivz, S A
1 Type | Enable | ents eans
Name Value
e 010r —
. - ) tran ] n m|
. b . .
S Property Editor 28X :rr:" t t t I
) use scripts to v, s ; .) Interactive 1too
:f2s(Ltyp), ) ®
create v 9 usage to debug
“RY Mg Outputs ?&x]]
. . .
- m Od Ify Name/Signal/Expr | Value | Plot | Save | SaveOptions | | ' th e CI r-c u It
AR File Tools Options CCC TSMCPDKTools T| !
h t- 25 (W[ WARNING (ADE-1889): There is another seq | & N .
directory. To avoid overwriting | ymouse L: schsingleSelectPti)
schematics e T .) manual modify,
by closing the corresponding ADE L2 | >

. . ;‘esy;;;n,checksd;e atic(sch) - 7 .
.) run simulations fet sy B B e D simulate, etc.
Plot after simulation: Plotting mode; \Replace

= " mouse L: M: . .
.) post process 3 - — FrreErr——y .) ideally, bring
custom () <, Completions: custom  LSP: Python Line 448, Col59 UTF-8 LF RW Mem10% CPU 0% 20:26

.
correct solution

ﬂ /O Suchbegriff hier eingeben
back to the script

Carinthia Institute for Microelectronics
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Outlook

* Open-source educational version with ng-spice planned

* Potential use of CCC for layout generation - not for -

A
* Averysimple “analogbase” approach (like BA-~ of Sg‘u’d‘e

g e 10O
\—L\(\% 35\‘0\e !

\,\)" e A \S 90 e
ma e B=a

{ D [ » m C Cade v Python 3 (Spyder
w=conn[1][1]-conn[1][e]

xmin=min(xmin,conn[1l][@]+terminals["xy ' 1[0])

xmax=max (xmax, conn[1] (1] +terminals [ xy'1(0]) [Es
ymax=conn[2] [1]+terminals[ 'xy'1 1]

ymin=conn[2] [0]+terminalsl'xy'][1]

paramList = session.ws.lx.compute via params(viaDef,layout,None,[],w,"vertical",0.1," -
print(paramList) \)S

on.ws.db.create_via(layout, viaDef, [(conn[1][@]+conn[1][11"

w0 SEHONO [X 1715 ¥ 2015 ax av

ekl

Fle Tools Options TSMCPDKTools TSMCPDKDNATools He'
G cC- | E
0 a R:_ixtiMousePopUp()
\ [
0 i1l
e o>, 0.0211]
. 10.005, 0.64111
]

<r2enc’, [0.005, ©.04]]

Loading 1x.cxt
Loading lce.cxt
Loading rte.cxt
Loading hsm.cxt

. 0.51, Wy ow
o', 10.8, 1.0], [-0.14, 1.1411, - =
[e.0, 0.21, [ 0.14, 1.14]], Objects ]
, (0.4, 0.6], [-0.14, 1.14]], Objects | V| 5|
[1.2, 1.4]1, [-0.14, 1.14]11, 1 Instances. g
i [['M1', [-6.145, -0.0551, [-0.01, 1.8111, —Pins
I [1.455, 1.5451, [-6.01, 1.611], i
[ *, [8.655, 0.745]1, [-8.01, 1.81111, .
'st: [['M1', [0.255, 0.345], [-0.01, 1.01]], objects [[GAOS| | N ST SRR N
['M1', [1.055, 1.1a51, [-8.el, 1.01l111,
B': [['M1', [1.835, 2.045], [-0.01, 1.011],
LM [.A BAS A A238]1 (A A1 _1 A1111} mouse L: mouseSingleSelectPt() M: leHiClearRuler() R: _IxHiMousePopUp{)
Editor Notebook i)

| cma: |

custom () < Completions: custom .~ LSP: Python Line 68, Col1 UTF-8 LF RW

* Own (PhD) work on layout ongoing with similar philosophy as CCC

© Carinthia Institute for Microelectronics



Thank you for your attention!
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Typical designers’ (manual) work tasks...

e Get familiar with a new technolo
&Y automation can significantly improve speed by

* extract relevant sizing parameters — avoiding to re-do the same task for every PDK

* check out device performance (and it gets more critical for a modern tech.)
* work out advantages and limitations

-

* Evaluate different circuit architectures Jutomation can significantly improve speed by
e literature research, “well known” designs re-using existing designs from the past and
* hand calculations / estimations u directly map it to new PDK - also use symbolic
* trial setups of designs and initial simulations solvers, do calculations reproducible in scripts...
 Set up final implementation m
* proper circuit sizing automation can significantly improve speed by

) executable optimisation and verification steps

e proper circuit verification (m.c., PVT, ...
prop ( (for square-law sizing and especially gm/I;)

e exhaustive documentation (allow re-use)

—

Also: re-use is often limited to own circuits made in the past — or maybe some blocks done in the same group

W oedririent wicroe Tornics
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CCC Environment

. Allow a setup to generate with the same code circuits in multiple technologies

« Modular approach - what does this mean:

- The framework is centrally maintained/released, users never modify that
- Script is technology-neutral and contains the actual IP, keep it that way

- Tool setup is also technology-dependent, encapsulate properly central installation like
$PYTHONPATH othe.r Python packages,
—>| .../framework_v1/ccc: versioned roll-out based
this is where the user works | .../my_project: cdsctrl.py on release mechanism
(with data management) generator.py (or) ccctrl.py (development with data
generator.ipynb management)
...Imy_project/generated1 ...[framework_v1/ccc/templates/tsmc65
.cdsinit specs.yaml
cds.lib mchar_nch_mac_tsch65.hdf5 device mapping and
...Imy_project/generated1/generated_lib .cdsinit base tech data,
...Imy_project/generated1/sim_data cds.lib characterization (LUT)

data, tool setup data as
.../my_project/generated?2 required by local install

Carinthia Institute for Microelectronics
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Device characterisation setups

« Exemplary MOS FET characterisation (any device/type), V-driven and I-driven channel

ID’ gm’ gm/ID’ 9 /gDS’ o’ h’ DS’ gm’ gm/ID’ 9 /gDS’ ro’ V

et @%@ o 1@#

Textbook stuff (square law, gm/Id, ...)

. extract all relevant MOS device parameters (large and small signal)
and store them as value tables (versus the varied source) in HDF5
. use very same CCC framework for PDK independent characterization scripts

Carinthia Institute for Microelectronics



“Tech-learning” note
for script- or hand ca
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File Edit Search Source Run

(e |

Edit

B + X

Examples: agile “work mode”

Debug Consoles

[~ r OO

first_experiments X ST _design X

View Run Kernel

0 M » m C Markdown v

L

€s_amp_sizing X

Projects Tools View Help

1> o~ +

Spyder (Python 3.10)

= {H] K

# some utilities
import numpy as np
from ccutilities import f2s, graph

# setup CUAS creator control
import ccctrl as cc

Circuit to set up

A vdd
|
|
/N
- 1

\Wi
\

V Ibias

Specification

Vo dc = 0.5
Av = 58

GBW = 10e6
ClL = le-12

# relative to supply voltage

print("Av: "+f2s(Av)+"V/V; GBW="+f25(GBW)+"Hz; Vo DC="+f2s(Vo dc*100)+"%Vdd; Cl="+f2s5(Cl)+"F")

Editor

# target OA lib/cell
libname = "genlib"

A

Python

custom ()

SRDA

Josef Ressel Centre for
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1IN er

Spyd

“IrW-r----- 1 scherrwo
-rW-r-—--—-- 1 scherrwo
-rW-r-——--—-- 1 scherrwo
-rW-r-——--- 1 scherrwo

iscd-all
iscd-all
iscd-all
iscd-all

954680 Aug 31 20:56 first_experiments.ipynb
368816 Aug 31 20:56 ST_design.ipynb

117033 Aug 31 20:56 biasgen_sizing.ipynb
89880 Aug 31 20:56 cs_amp_sizing.ipynb

&

Cornr

Here you can get help of any object by pressing Ctri+l in
front of it, either on the Editor or the Console.

Help can also be shown automatically after writing a left

parenthesis next to an object. You can activate this
behavior in Preferences > Help.

New to Spyder? Read our Lutorial

Help Variable Explorer Plots Files

=
# sia ettt lr'r“‘nxue-'rb_lu/ LU 1anu W
W = WoI * target i

L=session.LookUpL("MP",target_gain, "gmovergds",target_gmoverid, "gmoverid",®,Vo dc*vdd,plot=False)

prl..nt("L" SRR L) m Virtuoso® 6.1.8-64b - Log: /home/ma/scherrwo/ccc/dev/ccc/fexamples/my_first_project tsmcN65/{ &0 o [=] 2.4
print("w:",f2s(W)+"m") A | - S ———— o
File Tools Options Help cadence Con
gm_p: 30.0us
L 208.8nm pYRUNSEript Pa|  gparrcey 7python "python” Python 3.
W: 1.346um start skillbridge n data in fopt/sim/iscd/scherrwo Type "cop'
Loading pe.cxt Stopsrv
# —===d| *WARNING* could \M purier-medium-r 2-+", using font IPython 8
# We are done with the session s
del session Y In [1]:
L il _|
. . nmouse L: M: R:
Create circuit and symbol | > i

session = cc.CccSession("my first project",tech)

Launch Virtueso and Python server...
@(#)$CDS: virtuoso version 6.1.8-64b 10/01/2018 20:02 (ip-172-18-22-57) %
.. .done.

*

# If th

ic will be overwritten.

m
.
o
o
et

y does not exist, it will be created. An existing

=0
=0

X

Carinthia Institute for Microelectronics
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in Spyder

77

work mode

]

s

File Edit Search Source Run Debug Consoles Projects Tools View Help

R & R

/home/ma/scherrwo/ccc/dev/ccc/framework/ccc/ccctrl py

B

ischar v2.py X testing.py X specs.yaml X  logicgen.py X  csamp _generation.py X
{c
Al
Created-on-Sun-Aug--6-15:26:23-2023
1 @author: -scherrwo
a import-os
1 import - yaml
from-yaml.loader import - SafelLoader
import: hspy
1 import numpy - as-np

from cdsctrl- impert CdsSession
from ccutilities import f2s, s2f, graph

class CccSession(CdsSession):

23 """Cuas Cell Creator Session Class"""
def.  dimit  (self, proj dir="", tech="", gui=True):
"»rClass Initializer, check/setup enviromment and start Tool"""
if tech="":
tech = os.getenv('CCTECH')
if tech=="""or tech==None:
raise Exception("No technology target is provided.")
if proj_dir=="":
noenv=True
else:

noenv=False

self.noenv =-noenv
self.tech = tech

Note boo

G L w1

Spyde}

|22 2]

“IW-r----- 1 scherrwo iscd-all 1816 Aug 21 22:50 biasgen_generation.py
“IW-r----- 1 scherrwo iscd-all 2280 Aug 27 16:12 csamp_generation.py
“IW-I-——--= 1 scherrwo iscd-all 949 Aug 27 16:12 invl_generation.py

invl generation.py X

amp_seiotest.py X

iscd-all
iscd-all
iscd-all
iscd-all

scherrwo
scherrwo
scherrwo
= scherrwo

(SN, By W]

iscd-all
iscd-all
iscd-all
thkstaff
thkstaff
thkstaff

scherrwo

1:02 biasgen.py
1:@5 csampgen.py
:23 logicgen.py

111l

45808

scherrwo 18375

1111

iscd-all
iscd-all
iscd-all
iscd-all
iscd-all
thkstaff

scherrwo
scherrwo
scherrwo
scherrwo

__pycache
amp_selotest.py
biastest.py
scherrwo logictest.py

custom () < Completions: c

© Carinthia Institute for Microelectronics



ST design — sizing 1/2

Schmitt-Trigger Design

(c) 2023 Carinthia University of Applied Sciences
== CUAS Cell Creator Framework ==
ALl rights reserved. Use at your own risk.

Author: W. Scherr

import sys
# FRAMEWORK
sys.path.insert(®@,"/opt/cadadm/dessup/scherrwo/CUAS/ccc vO.3/framework/ccc")

# setup CUAS creatar control
import ccctrl as cc
from ccutilities import f2s, graph

# We design relative to any technology core supply, thus parameters are relative as well.
# Typical CMOS switching levels can be retrieved from JEDEC:

# E.g.: JESD8-12A.01, November 2005, JC-16 Committee on Interface Technology,

# "1.2 V +/- 0.1 V (NORMAL RANGE) AND 0.8 - 1.3 V (WIDE RANGE) POWER SUPPLY VOLTAGE

# AND INTERFACE STANDARD FOR NONTERMINATED DIGITAL INTEGRATED CIRCUITS",

# JEDEC Board Ballot JCB-808-74 and JCB-05-80.

#

# ST spec: upper Vth: @.35...0.75Vdd, lower Vith: 0.25...8.65Vdd, Vh: 0.1...0.5Vdd

# Thus, we set up everything nicely "in the middle" of the allowed spec (application engineer):
Vh = 0.3 # (Hysteresis)

Vm = 0.5

Vih = vm+vh/2 # (min wide range)

Vil = vm-Vh/2 # (max wide range)

#tech = "tsmcN28"

#tech = "tsmcN65"

tech = "tsmc18"

# basic (generic) elements to use, if one wants e.g. a specific 1.2V design, use MNIZ and MP12
nmos = "MN"
pmos = "MP"

# note, the generator is PDK INDEPENDENT! Thus, we

# ideally deal with multiples of minimum feature sizes
# we will focus on a small, minimum W/L design..

# 50: Wmin*2~Wpot=Wmin and Lmin*2"Lpot=Lmin

Wpot=0

Lpot=0

SRDA

Josef Ressel Centre for
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# start a session for this technology, ne CD5 start, so we need no environment dir.
session = cc.CccSession("", tech, noenv=True)

# basic MOST parameters, you may also do some plausibility checks here (just in case..
(Vdd,wWmin,Wmax,Lmin,Lmax)=session.GetDevBasics(nmos)
(vdd2,Wmin,Wmax,Lmin,Lmax)=session.GetDevBasics(pmos)
if not Vdd==vdd2:

Vdd=min(Vvdd, vdd2)

print("NMOS and PMOS have different voltage classes, selecting lower one.")

# now get absolute sizing values
Wtyp = Wmin*pow(2,Wpot)
Ltyp = Lmin*pow(2,Lpot)

# this gives us relatively close parameters already
Vth_n = session.LookUpPar(nmos,"vth",Wtyp,Ltyp)

k_n = session.LookUpPar(nmos, "ucox" ,Wtyp,Ltyp)
Vdsat _n = session.LlLookUpPar({nmos,"vdsat",Wtyp,Ltyp)
Vth p = session.LlLookUpPar(pmos,"vth" Wtyp,Ltyp)

k p = session.LookUpPar(pmos, "ucox" ,Wtyp, Ltyp)
Vdsat p = session.LookUpPar({pmos,"vdsat",Wtyp,Ltyp)

#porint("Technology specification ('"+tech+"'):")

print(" Vdd="+T2s(Vdd)+"V, Wmin="+f2s({Wmin}+"m, Lmin="+f2s(Lmin)+"m")
print(" Wmax="+f2s{Wmax)+"m, Lmax="+f2s(Lmax)+"m")
print(" Wtyp="+f2s{Wtyp)+"m, Ltyp="+f2s(Ltyp)+"m")

(lib,cell) = session.look up cell{nmos}

print(” "+nmos+": "+lib+", "+cell+" vdsat="+f2s(Vdsat n)+"V")
print(" k="+f2s({k _n)+"A/V?, vth="+f2s(Vth _n)+"v")
{1ib,cell) = session.look up cell(pmos)

print(” “+pmos+": "+lib+", "+cell+" vdsat="+f2s(Vdsat p)+"V")
print(" k="+f2s(k_p)+"A/VZ, vth="+f2s(Vth_p)+"v")
print("\n Spec: Vih:",f2s(Vih*vdd)+"v vil:", f2s(Vil*Vdd)+"Vv")

Vdd=1.8Y, Wmin=220@.6nm, Lmin=180.8nm

Wmax=900.0um, Lmax=19.9%um

Wtyp=220.0nm, Ltyp=186.0nm

MM: tsmcl8, nmos2v_mac vdsat=223.3mV
k=252 . 1uA/V?, vth=485.6mV

MP: tsmcl8, pmos2v_mac vdsat=251.8mY
k=102 .7uh/V?, vith=547.9mV

Spec: WVih: 1.17V vil: 630.60mV



ST design - sizing 2/2

# we don't need the session anymore

del session

# Any textbook show the same here, e.g. the classics:
# J. M. Rabaey, "Digital Integrated Circuits", 1lst ed., Prentice Hall, pg 149ff

#

# check, if both devices are in velocity saturation

vsat=True
if (vdd*Vm-Vth n)<=Vdsat n:
vsat=False

if (vdd-vdd*Vm-Vth p)==Vdsat p:

vsat=False
if vsat:

print("Calculate ratio for velocity saturation")

k5overk2 = (k_n*Vdsat_n*(vdd*Vm-Vth_n-vdsat n/2))/(k p*Vdsat p*(vdd-vdd*Vm-Vth p-vdsat p/2))

else:

kSoverk2 = (k_n*(Vdd*¥m-Vth_n)}/(k_p*(vdd-vdd*Vm-Vth p))

print("ks/k2: "+f2s(kSoverk2))

Calculate ratio for velocity saturation

k5/k2: 2.913

# I. M. Filanovsky, H. Baltes,

"CMOS Schmitt Trigger Design",

# IEEE transactions on circuits and systems, Vol. 41, Nr. 1,

#
#

kloverk3 = pow((Vdd-Vdd*Vih}/(Vdd*Vih-Vth n}),2)

k4overk6

pow(Vdd*Vil/ (Vdd-Vdd*Vil-vth p),2)

print("k4/k6: "+f2s(kd4overk6)+", kl/k3: "+f2s(kloverk3))

ka/k6: 1.026, k1/k3: 847.4m

Jan.

1994, pg. 46ff

Example results:

186nm:

W1l-6: 220.0nm 220.0nm 259.6nm 657.3nm 657.3nm 640.8nm

All L: 180.0nm

&65nm:

W1l-6: 348.1nm
ALl L: 60.6nm

28nm:

Wl-6: 112.6nm
ALl L: 30.6nm

area: 477896.6nm?

348.1nm 120.0nm 699.3nm 699.3nm 241.2nm
area: 147353.6nm?

112.6nm 100.0nm 451.8nm 451.8nm 164.2nm
area: 41789. 1nm?

L=Ltyp
if kSoverk2>=1:

# P is larger than N (standard...)

Wpmin=wtyp*k5overk2
Wnmin=Wtyp
else:

# N is larger than P (strange...)
printf("Hmmm, M is weaker than P devices?")

Wpmin=Wtyp
Wnmin=wWtyp/k5overk2

if kd4overké>=1:
# P branch is larger
Wa=k4overk6*wpmin
W5=k4overk6*wWpmin
We=Wpmin

else:
# P feedback is larger
Wa=Wpmin
wW5=Wpmin
We=Wpmin/kdoverks

if kloverk3>=1:
# N branch is larger
Wl=kloverk3*wWnmin
W2=kloverk3*wnmin
W3=Wnmin

else:
# N feedback is larger
Wl=Wnmin
W2=Wnmin
W3=Wnmin/kloverk3

area = (WI1+W2+W3+W4+W5+W6 ) *L

print("wl-6:",f2s(Wl)+"m",f2s(W2)+"m",f2s(W3)+"m", f2s(W4)+"m", f2s(W5)+"m" , f2s(W6)+"m")

print{("All L:",f2s(L)+"m

“,"area: ",f2s{area,2)+"m*")

Wl-6: 220.0nm 220.0nm 259.6nm 657.3nm 657.3nm 640.8nm
All L: 188.0nm area: 477896.6nm?
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ST designh — implementation & TB

# start a session for this technology, now with CDS.
session = cc.CccSession("st project", tech)
libname="digcells"

cellname="st inv"

setup project directory: ./st project tsmcl8/

Adding Virtuoso control code.

Launch Virtuoso and Python server...

@(#)%$CDS: virtuoso version 6.1.8-64b 10/01/2018 20:02 (ip-172-18-22-57) %
...done.

# If the library does not exist, it will be created. An existing schematic will be overwritten.

Xx=0
y=0
sch=session.CreateSchematic(libname, cellname)
# supply pins
session.CreatePin(sch, "vdd", "input", x,y+1)
session.CreatePin(sch, "V¥ss", "input", x,y-1)
# I/0 pins
session.CreatePin(sch, "Vin", "input", X,¥)
session.CreatePin(sch, "Vout", "output", x+3,y)
# first branch
session.CreateInstanceAndConnect(sch, "", pmos, "M4", x+1, y+2,
{EDYatpt, MERIANIRY, YsTotyddt B tvddl)
{"wW":f2s5(wW4), "L":f2s({L), "NF":"1"})
session.CreateInstanceAndConnect(sch, "", pmos, "M5", x+1, y+1,
fuptc Sant?, MGRLUVIRY, YSMotypt. . NER:UYHd" L.
{"W":f25(Ws), "L":f2s(L), "NF":"1"})
session.CreateInstanceAndConnect(sch, "", nmos, "M2", x+1, y-1,
{"D":"Vout", "G":"Vin", "S":"V¥n", "B":"Vss"},
{"W":f2s(w2), "L":f2s(L), "NF":"1"})
session.CreateInstanceAndConnect(sch, "", nmos, "M1", x+1, y-2,
{"D":"¥n", "G":"Vin", "S":"Vss", "B":"Vss5"]},
{"W":f2s5(W1), "L":f2s(L), "NF":"1"})
# feedback branch
session.CreateInstanceAndConnect(sch, "", pmos, "M&", x+2, y+1,
i 7 IR T R R 1 S R L < A 1 T
{"w":f2s(W6), "L":f2s(L), "NF":"1"})
session.CreateInstanceAndConnect(sch, "", nmos, "M3", x+2, y-1,
{"D":"¥dd", "G":"Vout", "S":"Vn", "B":"Vss"},
{"W":f2s(wW3), "L":f2s{L), "NF":"1"})
# we are done, check, save and close
session.CheckSchematic(sch)
session.Save(sch)
session.Close(sch)

Outlook: use just a SPICE representation instead of
an programmatic API for instances & connections.

(this APl will be anyhow used in the background by

the SPICE reader...)

# we need a symbol for instantiation later
session.CreateSymbol(libname, cellname)

# setup the testbench

%=0

=0

tb=session.CreateSchematic(libname, cellname+" tbh")

# supply

session.CreateInstanceAndConnect(tb, "analogLib", "wvdc", "Vsup", x, y+l,

{"PLUS": "vdd", "MINUS":"Vss5"},
{"vdc":"v_sup"})

session.CreateInstanceAndConnect(tb, "analogLib", "vdc", "Vgnd", X, ¥,
{"PLUS":"V¥ss", "MINUS":"gnd!"},
{"wdc": "6.8"})

session.CreateInstanceAndConnect(tb, "analogLib", "gnd", "Refnode", x, y-1,
{"gnd!":"gnd!"})

# stimulus

session.CreateInstanceAndConnect(tb, "analeogLib", "wvdc", "Vin", x+1, ¥y,
{"PLUS":"Vin", "MINUS":"Vss"},
{"vdc":"v_in"})

# DUT

session.CreateInstanceAndConnect(tb, libname, cellname, "DUT", x+2, vy,

{"vdd" :"vdd","Vvss":"Vss","Vin":"Vin", "Vout"

# we are done, check, save and close
session.CheckSchematic(tb)
session.Save(th)

session.Close(tb)

X AL HIDULULE TUT VIV UCICUL VLD

"Vout"})
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ST design — verification (simple DC

It is obvious, this code can be easily re-used for many purposes of /0O diagram simulation/extraction...

# DC sweep over supply (up)

session.SimulateDC({libname, cellname+" tb", "Vin", "dc", -8.1, Vdd+8.1l, 0.001, 2.00
{"v_sup":f2s(Vdd),"v_in":f2s5(0.0)}}) -
# fetch results 1.75 4 = ”,f
(vinl,voutl)=session.GetResult("Vout") -
# DC sweep over supply (down) g
session.SimulateDC(libname, cellname+" tb", "Vin", "dc", Vdd+0.1l, -8.1, -0.801, 1.50 1 _,-f'
{"v_sup":f2s(vdd),"v_in":f25(0.0)}) -~
# fetch results 1.25 4 e
(vin2,vout2)=session.GetResult("Vout") ’,-" === Vin_up
2, 1.00 - —=T —— Vout_up

data = [ = L Y D e Vi a

[vinl,wvinl, 'k--','Vin up'l], oy 0.75 - ,"’ in._comn

[vinl,voutl, 'k', 'Vout up'l, ’ ._,-*' — \Vout_down

[vin2,vin2,'k: ", 'Vin down'], -

[vin2,vout2, 'k", 'Yout down'] 0.50 ~ ‘__,"’

] -
graph(data, '$V_{in}$ [V]','$V_{out}$ [V]', size=(8,4)) 0.25 A —e

’H
for vi, vo in zip(vinl, voutl): 0.00 - ’.ﬂ” N
if voe=vdd/2: -
Vlh—m = Vl 1 L] T L] T L T L]
A o 000 025 050 075 100 125 150 175 200
for vi, vo in zip(vin2, vout2):
if vos=vdd/2: Vin [V]

Vil m = vi

break ) )
print("\n Result: Vih:" f2s(Vih m)+"V Vil:",f2s(Vil m)+"V  Vh:", f2s(Vih m-Vil _m)+"v") Result: Vih: 1.145V  Vil: 617.emV  Vh: 528.0mv
print("\n vih:",str{int(1000*Vih m/vdd)/10)+"% vil:",str(int(1000*Vvil m/vdd)/10}+ i )

- " Vh:",st r{int{l@GB*(Uih_m-Vil_mT!Vdd}/lG)+"-‘-‘e") Vih: 63.6% Vil: 34.2% Vh: 29.3%

Carinthia Institute for Microelectronics
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ST design — verification (PVT DC

=== Wil
=== W¥ih
— 1.62V, -40.0°C, fs
— 1.62V, -40.0°C, fs
— 1.62V, -40.0°C, sf
— 1.62V, -40.0°C, sf
— 1.62V, -40.0°C, 55
— 1.62V, -40.0°C, ss5
— 1.62V, -40.0°C, ff
— 1.62V, -40.0°C, ff
1.62V, 85.0°C, fs
1.62V, 85.0°C, fs
— 1.62V. 85.0°C, sf
1.62V, 85.0°C, sf
— 1.62V. 85.0°C, s5
— 1.62V, 85.0°C, s5
- 1.862V, 85.0°C, ff
— 1.62V, B5.0°C, ff
1.98Y. -40.0°C, fs
— 1.98V, -40.0°C, fs
1.98Y, -40.0°C, sf
—— 1.98V. -40.0°C, sf
— 1.98Y, -40.0°C, 55
1.98Y, -40.0°C, 55
— 1.98V, -40.0°C, ¥
— 1.98Y, -40.0°C, ff
- 1.98V, 85.0°C, fs
— 1.98Y, 85.0°C, fs
— 1.98V, 85.0°C, sf
— 1,98V, 85,0°C, sf
1.98VY, 85.0°C, s5
— 1,98V, 85.0°C, 55

We do a nice normalisation, so we can compare results between e e

T T T T T T

technologies Wlth different Supp|y voltages.... 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
VedVag [VIV] onics

# PVT analysis, normalised plot
d =[]
d.append([[0.25,0.25],[-0.1,1.1], 'b--", 'Vil']) 10
d.append([[0.75,06.75],[-0.1,1.1],'r--", 'Vih'])
for v in [Vdd#*0.9,Vdd*1.1]:
for t in [-40.08,85.0]:
o can [ Phs s it Slssl 2R ]
# DC sweep over supply (up)
session.SimulateDC(libname, cellname+" th", "vin*, "dc", ©.8, v, 0.001, 0.8 9
{"v sup":f2s(v),"v in*:f2s(0.0)}, temp=t, corner=c)
# fetch results, scale to 100%
(vi,vo)=session.GetResult{"Vout")
vi = [i/v for i im vi]
va = [i/v for i in vo] 0.6 4
d.append([vi,vo, "' ,f2s(v)+'V, '+f2s(t)+'°C, "+c])
# DC sweep over supply (down)
session.SimulateDC(1libname, cellname+" tb®, "vin®, "dc", v, 0.0, -0.801,
{"v sup":f2s(v),"v in":f2s(0.0)}}, temp=t, corner=c)
# fetch results, scale to 100%
(vi,vo)=session.GetResult("Vout") 0.4 4
vi = [i/v for 1 im vi]
va = [i/v for i in vo]
d.append{[vi,vo,'',f2s({v)+'V, '+f2s5(t)+'°C, '+c])
graph(d, '$V_{in}/v_{dd}$ [v/V]',k'$V_{out}/V_{dd}$ [v/V]',limx=[0.0,1.5,16],size=(8,9))

Vour/Vaa [VIV]

0.2 1

del session

All closed.

0.0
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ST design — verification (simple timing

Again, one can see that this is easy to extend for PVT runs as well...

# TRAN (we measure between “DRIVER" and "LOAD")
session.SimulateTRAN(libname, cellname+" tb", "lon",
{"v_sup":f2s(vdd),"v in":f2s({vdd}})
# fetch results
(t,vin)=session.GetResult("Vin","tran")
(t,vout)=session.GetResult{"Vout","tran")

data = [
[t,vin, 'k--",'Vin_up'],
[t,vout, 'k', 'Vout up'] 1
graph(data, 'V {in}$ [V]', '$V {out}s [V]',size=(8,4))

pos=0
for tt, vi, wo in zip(t, wvin, vout):
if vi>=Vdd/2 and pos==0:
tl=tt
pos=1
if vo<=Vdd/2 and pos==
t2=tt
pos=2
if vie=Vdd/2 and pos==2:
ta=tt
pos=3
if vo>=Vdd/2 and pos==3:
t4=tt
pos=4
break

if pos==4:

print("Result: Delay falling:",f2s{t2-t1)+"s, rising:",f2s(t4-t3}+"s")

else:
raise Exception("Did not detect two edges.")

Vout [V]

Result:

25 -

2.0 A

1.5

1.0+

0.5 1

0.0 A

=== Vin_up
— \Vout_up

L i ———————— i ——

0.0

0.2 0.4 0.6 0.8 1.0
Mn[V] le—8

Delay falling: 95.61ps, rising: 117.4ps

Later, one can “copy over” this notebook into a Python asset class for verification of any basic digital /0O block...

Carinthia Institute for Microelectronics
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Outlook

* Potential use of CCC for layout generation - not for release yet
* Own (PhD) work on layout ongoing with same philosophy as CCC
* A very simple “analogbase” approach (like BAG) is shown as example:

! Run  Kemel

(O [ » m C Code v Python 8 (Spyder) O
w=conn[1][1]-conn[1][0] - Here you can get help of any object by pressing Cerlsl in
xmin=min{xmin, conn[1]1[@]+terminals[ 'xy']1[0]) i oank PPt i L
xmax=max {xmax, conn[1]1[1]+terminals[ 'xy']1[0]) & Virtuoso ® Layout Suite L Editing: examples a_cell2 layout * R c=hes

Y Wl g: > L Wl

i:?:iz::{i}{é%:zmi::};{X}H: Launch Flle Edit View Create Verfy Connectiity Options Tools Window Quantus Calibre Help cadence
paranList = session.ws.lx.compute via params(viaDef,layout,None,[],w,"vertical",0.1,"vertical®, [["calely — — T —— = =
print(paranlist) = d s ¢ | D m % EQ Y K »”m:“ﬂ; 2 lligassic - Y

I <) &8 - Q4K B) 35 » [escieco Setwo seiso seloso[x 4715 ¥ 2015w av

ession.ws.db.create via(layout,viaDef, [{conn[1][8]+conn[1][1])/2+terminals['xy'1[0],conn[2][1]-0.

[ 1.

- Y AllLayers B
File Tools Options TSMCPDKTools TSMCPDKDNATools Help cadence T T ( (:
A \elld | Used _ Routing
[xma

Loading 1x.cxt Filter Q n -

Loading lce.cxt

rxm ref drawing
Loading rte.ext xma) L 2 -]

2 & connect
— [ cMod v
| s e
mouse L: mousesingleselectPt) M eHClearRuler) R:_iHiMousePopUp i P h V.
o] D‘ e at S’ Ias’ (XX )
ml [0.0, 9.0] Re v
[['layerlEnc’, [0.855, 0.0111, ['layer2Enc’, [6.605, 6.0411]
ca n a so [['layerlenc’, [0.055, 0.01]1], ['layer2enc’, [0.005, 0.0411] R
[['layerlEnc’, [6.855, 0.01]], ['layer2enc’, [0.005, 0.04]]] ¥ ¢
[['layerlEnc’, [0.055, 0.01]], ['layer2enc’, [0.005, 0.0411] e
‘orient': 'RO’, v
extract a T S oo i can place
'6': [['PO’, [0.8, 1.0], [-0.14, 1.14]], = —
[P0, 0.0, 0.21, [-0.14, 1.141], 3
('P0*, 0.4, 0.6], [-0.14, 1.141], g .
['P0*, (1.2, 1.41, [-0.14, 1.14111, w
re eva n D'z [['M1', [-6.145, -0.655], [-0.61, 1.01]], o con Igu re
['m1*, [1.455, 1.545], [-6.01, 1.01]], I HEH
['M1', [0.655, 0.745], [-0.01, 1.0111], = — —— e Lo
's': [['M1', [0.255, 0.345], [-0.01, 1.011], Q0iscty
['M1', [1.655, 1.145], [-0.61, 1.0111],
ce coor s. 'B': [['M1', [1.835, 2.045], [-0.01, 1.01]], = J e s
Cwre Tonenn naeml e aleriin mouse L: mouseSingleSelectft) M: leHiClearRuler() R:_ixHiMousePopUp()
Editol] Notebook 102 L cns: ]

custom () < Completions: custom +~ LSP: Python Line 68, Col1 UTF-8 LF RW
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