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A Freeware EDA Framework for Teaching
Mixed-Mode Full-Custom VLSI Design

Motivation and Objectives

Problems teaching VLSI design at lab:

® Professional EDA tools costs
(licenses, hardware, administration)

B Technology confidentiality

B Limited lab session time

EDA environment proposal for
mixed-mode full-custom ASIC design:

A‘ Scheme

XSpice

7 j gaf (gschem and friends) for
L " | schematic edition and netlisting

gschemn

™ SpiceOpus (SPICE with integrated
7% optimization utilities) for analog-
digital & HDL-electrical simulation

Glade (GDS, LEF and DEF editor)
for layout design and verification

A Freeware, available for ﬂ} &

V¥V PDK development

Jofre Pallares et al.

@ python’
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A Freeware EDA Framework for Teaching

Mixed-Mode Full-Custom VLSI Design Intro

Case Study

> 14bit 8kHz 2V, A/D AZM design

® Mixed analog-digital signal domains

>

® HDL modeling required due to oversampling
Analog |  Digital
_— % -
Amp. Anti AY modulator
limiter  aliasing ,--------------------------- . Decimator
Visens — N > Vin H(Z) _'_IJ_ dout l wsens

2P2M 2.5um CMOS (CNM25)
target technology

B Reduced DRC rule set

® Simple device modeling

Easy PDK development

Students easily get familiar with

Noise shaper
51

First integrator

1

1—2—

Second integrator

dout

Feedback DAC

Jofre Pallarés et al.

...but it can be extended to modern
CMOS technologies as well.
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A Freeware EDA Framework for Teaching

Mixed-Mode Full-Custom VLSI Design Schem

[ ~ dsm_arch.sch - gschem e
_ EHle Edit Buffer View Page Add Hierarchy Aftributes Options Help

Schematic Entry

subckt dsm_arch vin delk dout

A gschem features customizable

symbols, library browsing, net

azint1

aki2

ﬁ ZntegRim

kgain

azint2
Zinte g2im

aquar:t

~dgk

- . - - Vz-1 VZ“ s us:mmu(? 1Y 5
and pin labeling, hierarchical et e F“%?Jﬂ%jt -
H H H H pos_esdge=0 pos_edge=0 pos_ed
navigation, instance annotation ou ie=40 ou 1c=0.0 e
out_min=-5.0 akff out_min=-5.0 inp_th=0.0
. - = out_max=5.0 out_max=5.0 t_rise=1.0e-9 2
and automatic rewiring Cfal=t 029 0
LRI ] v J
=20
\ adac
dac2isym
delk__dclk \ out_level 70
e.g. ASM differential architecture Add : Component... (i) .
> Select Component... * qUEfylng Component (q)
dsm—arch.sub 10 Usel L,,,,am Preview - gschem *
.subckt dsm_arch vin dclk dout = detasgma i :::":e ‘:::N ‘@%'v ]
asumin [%v (vin) %v(vdac)] %$v(verr) msumin cnm25cpoly.sym K s okt an = e
.model msumin usummer (sign=[1.0 -1.0]) < ‘""‘25’“:“5"’“ symversion 0.1 0 a »
akil %v(verr) $v(vintlin) mkil Pick | Repeat/none ;:j;jy:;m"“‘ k=1.0 modetname  kgain o @ Select Mode
.model mkil kgain (k=0.3) — I 2d %) x|
azintl %v(vintlin) %d(dclk) %v(vintlout) mzintl quant2lsh.sym description  Scalar gain | ("] Show inherited attributes
.model mzintl zinteg2lim(pos_edge=0 out_ic=0.0 UsiTer1pIn.syh device KGAIN Add Attribute
+ out_min=-5.0 out_max=5.0) USMMeE 35S . 1 Name: [netname v
- - integ2lim.. »
aki2 %v(vintlout) %v(vint2in) mki2 i ——————
.model mkiZ kgain (k=0.7) o o Value: S
azint2 %v(vint2in) %d(dclk) $%v(vint2out) mzint2 A symversion 0.1 L [E—— =
.model mzint2 zinteg2lim(pos_edge=0 out_ic=0.0 \ v
+ out _min=-5.0 out _max=5.0) | Default behavior - reference component v | % Close
akff %$v(vintlout) %v(vkffout) mkff x cose ||
.model mkff kgain (k=2.0) Lmoe L2 )

asumout [%v(vintZout) %v(vkffout) %v(vin)]

+ %v(vgquantin) msumout

.model msumout usummer (sign=[1.0 1.0 1.0])

aquant %v (vquantin) %d(~dclk) %d(dout) mquant

.model mquant quantZlsh(inp_th=0.0 out_ic=0 pos_edge=0
+ t_rise=le-9 t_fall=1le-9)

adac %d(dout) %v(vdac) mdac

.model mdac dac2lsym(out_level=2.0)

.ends

A gnetlist allows programmable netlisting
rules for both native SPICE devices and
custom XSpice code models

Jofre Pallares et al.
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A Freeware EDA Framework for Teaching

Mixed-Mode Full-Custom VLSI Design

Mixed-Sim

Architecture HDL Simulation

A Students can code in C their own
mixed-mode XSpice HDL models

.subckt dsm_arch vin dclk dout

azint2

aguant
zinteg2lim

quant2ish

asumout
usummer-3p

. azintt .
kit zintegzlim Eggn

i “’z_-‘f
1-z1

asumin
usummer-1pin

vin_vj = _/- ] out_dout
1-z7
pos_edge=0 pos_edge=0 pos_edge=0
out_ic=0.0 out_ic=0.0 out_ic=0
out_min=-5.0 out_min=-5.0 inp_th=0.0
out_max=5.0 out_max=5.0 t rise=1.0e-9
ko {_fall=1.0e-9
k=2.0
da
dac2lsym
E3
-
delkdely out_level=2.0
SpiceOpus
CM
libraries

SPICE3
event engine electrical engine

deltasigma.cm

________

tran2psd
external
function

Nutmeg
scripting interface

*.ifs
*.mod

Code Model (CM)
source code

zinteg2lim.mod

void cm _zintegZlim(ARGS) {
inp = INPUT (inp); /* Retriving input values */
clk = INPUT_STATE (clk);
pos_edge = PARAM(pos_edge); /+ Retrieving parameters =/
out_max = PARAM(out_ax);
switch (ANALYSIS) {
case TRANSIENT:
if ((xclk_mem==0NE)&& (clk==ZERO)) {/+ Neg. clk edge =*/
if (pos_edge==FALSE)
action = SAMPLING_INTEGRATION;
1 else {
if ((xclk_mem==ZERO) && (clk==0NE)) {/* Pos. clk edgex/
if (pos_edge==TRUE)
action = SAMPLING_INTEGRATION;
} else { /* No clock edge =/
action = HOLDING;

¥

switch (action) {
case SAMPLING INTEGRATION:
«*inp_mem = inp;
out = xout_mem++inp_mem;
if (out<out_min) { out = out_min; } /* Limiter =/
if (out>zout max) { out = out max; }
*out_mem = out;
break;
case HOLDING:
out = xout_mem;

FH}

e.g. Z-domain integrator with built-in limiter
XSpice code model (CM)

Jofre Pallares et al. DCIS 2014




A Freeware EDA Framework for Teaching Mixed-Sim

Mixed-Mode Full-Custom VLSI Design

- plotl:Harmonic input -6dBFS@2kHz - SpiceOpus Plot - + x

Architecture HDL Simulation i /j\

S
cursor-based —]

20
measurement ’ / \

.g. AXM PSD

A Students can code in C their own )

-

mixed-mode XSpice HDL models e Edt_control | ||

-60

Welcome to Progy ’
Date built: Jun

A SPICE3 Nutmeg scripting allows —— b
to manage several circuits and Facalty of Elect |,

Group For Comput]

analysis at the same time ookl sy
Loading deltasig
/usr/local/lib/4

HH File not found i

A Auxiliary external programs e
H Delta-Sigma mody
may be also combined... ,
Copyright: (c) 2 100 1000 10000 100000 1e+06
Found 6 CM devid Frequency [Hz]
Successfully loa Curve: <space> @ x=2.033676381e+03 y=-6.951719018e+00 4

0
|
00
|
20
|
40
|
60

SpiceOpus SpiceOpus (FD . -‘> test0l.sp3 Nutmeg console for
e eamee automatic test routines

Plotting PSD...

Extracting signal to quantization noise and distortion ratio...

CcM
libraries

SPICE3
event engine electrical engine

deltasigma.cm

SQb (15.9bit)
Finish! - plotl:Z-integrator out limit = {0,-6,-9}dBFS - SpiceOpus Plot [~
SQNDR [dB]

SpiceOpus (c) 2 -> | -

< ‘ e.g. AZM SNDR /ﬂ

hd SpiceOpus Command Window - + x
File Edit Control Window Help

-

SpiceOpus (c) 1 -> testl3.sp3

tran2psd
external
function

_________

Nutmeg
scripting interface

SQNDR  kiZ2 0.3 0.6 0.7 0.8 0.9 ’\
[bit]

o

*.ifs
*.mod

Code Model (CM) i
source code ..
e.g. A>ZM coefficients ||seiceopus @) 2 | A —
mismatching study L iy

e
’
ER=N=N=N=}
e e e
L Lo
(L= -
e e e
@ LnoLn Lo
o w2
N S
ooy Lol oy
LR o w0

L1 L B
H R
LSS S}

oo e

‘Ain [dBFS]

Jofre Pallares et al. DCIS 2014
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- dsm_sc.sch - gschem - + x
Block HDL Specification e
'y
A XSpice modeling of circuit
- o .subckt dsm_sc vin dclk dout
non-idealities and system
. . B =
re-simulation ERERREEEL ‘7
nt
asumin zintegdse asumaut :El':tazlil
n usummer-1pIn VZ" usummer-3p W
vi verr % — j'_ _é vauantin 2T ut dout
zintegZsc.ifs pn's,eg%e:u H
NAME TARLE: pos_edge=0 @ain=0.7__ pos_edge=0 pu_tlﬁ;ﬂ.ﬂ
Spice Model Name: zinteg2sc gﬂ}_lfc"f'&g akdf SR-20e6 gg{_ﬁ"_"lg Eﬁ;eﬂ’“&g
CPF notLon Name ’ o ‘ztegZSC W=4086 | out_max=? tgain| GBW=40e6| out_max=7 t fal=1.0e-9
u 1 . Z1
— — — Kifout
Description: "Z-domain SC integrator" e
R
PORT_TABLE: ! e B
Port_Name: in clk out \ / =
Description: "input" "clock" "output" delk_dells CTECICESD
Direction: in in out
Detanlt Type: s 5 N SC OpAmp parameters
é?‘d;\AMETER TABLE: ~ plotl:SQNDR=94.24dB (15.36bit) for G=10000 (80dB) SR=20V/us GBW=40MHz - + x ~ plotl:SQNDR=57.13dB (9.2bit) for G=1000 (60dB) SR=8V/us GBW=20MHz — + >
_ H PSD [dBFS/bin] PSD [dBFS/bin]
Parameter_Name: G GBW SR "
Description: "DC OL gain" "GBW" "slew-rat /\ — |
Data_Type: real real real 20 G=80dB = G=60dB
Default_Value: le3 leb leb SR=20V/|JS SR==8V/}JS
Limits: [0 -] [0 -1 [0 -]
> GBW=40MHz + GBW=20MHz
PARAMETER_TABLE:
Parameter_Name: out_min out_max o
Description: "lower out limit" Tupper out w0
Data_Type: real real
Default_Value: -1.0 1.0 80 50 |
100 Mr\"rl 'I | -100 HH i
-120 m I'J 1 -120 M ‘
-140 -140- Q fw
. . o 1000 10000 100000 1e+06
e.g. OpAmp specification study b Fraquancy ]
Curve: <space> @ y Curve: <space> @ Y
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A Freeware EDA Framework for Teaching

Mixed-Mode Full-Custom VLSI Design

Automatic Circuit Optimization

» Routine scripting:

Design parameters

Figures-of-merit (FOMs)

Implicit rules for discarding solutions
Cost function to score candidates
Optimization algorithm selection

opamp_optimize.sp3

E]

2

1 3 3 3 1

2 3 3 3 3.

= .

= .

SpiceOpus

c™M

libraries

SPICE3

electrical engine

XSpice
event engine

deltasigma.cm

tran2psd
external
function

Nutmeg
scripting interface

*. ifs
*.mod

Code Model (CM)

source code

e.g. OpAmp
optimization

optimize -

@ml:xopamp [w] low 6u high 120u initial 32u
@m6:xopamp [m] low 1 high 10 initial 8
@ccomp:xopamp[w] low 25u high 250u

parameter 0
parameter 1
parameter 3

ac dec 50 10 10e6

let gmag=20*logl0 (mag (v (vout)))
let gph=phase (v (vout))

cursor c right gmag 0

let gbw=abs (frequency[%c]) /1leb
let pm=180+gph[%c]

25
26
27
28
29
30

analysis
analysis
analysis
analysis
analysis
analysis

46
47
48

tran 1n 5u

cursor ¢ right wvout 2.1
let tl=time[%c]

cursor c¢ right wvout 2.9
let t2=time[%c]

let srpos=0.8/(t2-t1)*le-6

analysis
analysis
analysis
analysis
analysis
analysis

implicit O
implicit 1
implicit 4
implicit 5

op2.pd 1t 1.5
op2.area 1t 0.025
ac2.pm gt 60
tran2.srpos gt 12

cost 1l/tran2.srneg+l/tran2.srpos+abs (60-ac2.pm)

method genetic elitism yes maxgen 1000 [«

vdd

Eile Edit Buffer View Page Add Hierarchy Attributes Options Help

opamp-miller.sch - gschem - + x

A

subckt opamp-miller vinn vinp vout vdd vss ibias

enm25modp

m T
w=24u
I=fu

L

=Z
=24u
Bu

Fae=s

T cnm2emadp

VS8

== vgld
M5 w244
196U
m=2

cnm25modp
wzmau
S =
VInp

=5
e L‘w

w=32u
Hn I=6u

w:_24u
[=6u

out vaut
enm25maodp cnm25modp [

cnm25c poly

M6 m=10

w=48u
I=6u

crim25madn

cnm25ma m25madn

v
|4

Pick | Repeat/none | Menu/Cancel

Grid(100, 100} Select Mode

Jofre Pallarés et al.
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Automatic Circuit Optimization

Routine scripting: A Students can customize all steps
and review results:

® Design parameters
H _ _ H ~ plotl:Bode Diagram - SpiceOpus - + x ~ plot2:Step Response - SpiceOpus - + x
® Figures-of-merit (FOMs) e s e Dlogustep
.. . . . 1[;[)
® Implicit rules for discarding solutions N
® Cost function to score candidates SN s
m Optimization algorithm selection 5 \\\
opamp_optimize.sp3 \\\\\\\\\ 55
optimize P !
parameter 0 @ml:xopamp[w] low 6u high 120u initial 32u 100
" parameter 1 @mé:xopamp[m] low 1 high 10 initial 8 |
" parameter 3 @ccomp:xopamp[w] low 25u high 250u ~ SpiceOpus Command Window - + x
.. File Edit Control Window Help 2
" analysis 25 ac dec 50 10 10e6 I s o 1e06 | | 2006 | | 3el6| 4008
" analysis 26 let gmag=20xloglO(mag(v(vout))) | |rrrrrmsssesssessssesssssssssnass = 5 . Timas]
. s = . . ~ plotO:Parameter Evolution - SpiceOpus - + =
" analysis 27 let gph=phase (v(vout)) s L e — m1|[’w1=m6[m1=m?[m1=m5[m1&ccomp[w] e =
" analysis 28 cursor c right gmag 0 e 0276
" analysis 29 let gbw=abs (frequency[%c])/leé6 ﬁ;ﬁ; S ;iﬁj;“
" analysis 30 let pm=180+gph[%c] ME . 4x24/6
. ME 1x12/6
" analysis 46 tran 1n 5u M5 0x%12/6
" analysis 47 cursor c¢ right wvout 2.1 M7 8x12/6
" analysis 48 let tl=time[%c] 1x61.18x61.18
" analysis 49 cursor ¢ right vout 2.9 | ||FTTiTTTmEEmmmmmEmmmmmmmmmamEanas
" analysis 50 let t2=time[%c] After
" analysis 51 let srpos=0.8/(t2-tl)*le-6
" implicit 0 op2.pd 1t 1.5
" implicit 1 opZ.area 1t 0.025
" implicit 4 ac2.pm gt 60
" implicit 5 tranZ.srpos gt 12
" cost 1/tran2.srneg+l/tran2.srpos+abs(60-ac2.pm) |  [TTTTTTTTIITTEEEREETEAmmmmEEREERT
" method genetic elitism yes maxgen 1000 . _ e - £
SpiceOpus (c) 2 -> |
¥ Iteration
‘I I L Curve: <space> @ ﬁ

Jofre Pallares et al. | DCIS 2014
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Mixed-Mode Full-Custom VLSI Design

PCell-Based Layout Design

layer selection window

Fully featured full-custom library browser (Tools—LSW)

(Tools— Library Browser) T

layout editor

width [3 I Keepwidthce Style [TRUNCATE 7]

Glade BaginExt [00 endExt [o0
File View Edit Create Verify Fjborplan Tools Window Help Net

|r,|tﬁ’®[b [ b+ I‘........«.. 9" O " A F’I LFJ-l LDD’ i‘::::s-tks I~ Shield top/bottom
JSlarlﬂ stop[os = l & - Ja - g § 0= [ DREDE-3-3 _Is-d-wm\h [ooor  sdespacng[ooor

Library Browser & x OpAmpLib edit_test layout (x]
Fle View Edit

ToprBottam width [-0.001 LSW 8 x
Shiskd Net Edit Display

Libraries . [ | ns| nv| as| av
= OpAmpllb / | merge (shift+m) _c | vs| w| | & selected
& template / t th ﬂ ﬂl ﬂl EI
@ path_test create pa (p) /Q\
it vost
: :;ﬁitzessrtnodp_m - non
o chmascpoly stretch (s) selectable

Hierachy Browser & X

Properties for object RECTANGLE in cell toplay view layou

i s ! (r:llgzrr (rE I)ers (shift+k) chop nor
querying | e [Mmn 1 e " (shift+c) visible
object N - / 2
o [ Yomn [
properties Area 27.000 Perimeter | 21.500
( ) Bounding bex | (0.000 0.000) (4.000 6.750)
q I™ Change all selected objects

<previous| Mext> | petete | appy |[ o Cancel |

Hierachy Browser | Net Browser

create rectangle (r)

X [[555 # INFO: Setting selection mode to PARTIAL
8 | >>> ui().selectPoint(15000, 12000. 0)
£ >>> # INFO: Cell edit_test contains no nets! :
|| >>> # INFo: Cell edit_test contains no nets! command Optloﬂs (F?))
gl >>> / N j
2| / p \
Copy Move
Ready B Layer: POLY1 drawing [Selected: 1{PaRTIAL [x:24.2500 ¥6.2500
I™ (Copy Net nfo| Snap Mode |[Manhattan ~| — Snap Mode 7] =
™ Change Layer BA(NTUB [dwg ~| I Change Layer E(vTUE  [dwg -
Rows [ 1 Row Spacing| 0.0 [~ Snap insts to rows % Draw net flightiines

Python console Cols |l Col Spacing |DD hmrrwx' j[ererl kmtel full/partial SE|eCtion (F4)

i =Mirmrx| ‘ermrvl ' R'ntatel anca | [ i
and message window move (m)

(Tools—Message Window) copy (c)

cnml:)npls DCIS 2014
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Mixed-Mode Full-Custom VLSI Design

common_{d,g,s}={1,0,0} common_{d,g,s}={0,0,0} common_{d,g,s}={0,0,1}

PCell-Based Layout Design

» Fully featured full-custom
layout editor

» Parameterized cells (PCells)
developed in Python Fm"{ i

mx=4
my=2

common_p{0,1}={0,0} common_p{0,1}={1,0}

ISSE7 1SS

e.g. CNM25 PiP
capacitor
PCell

common_{d,g,s}={1,1,1} common_{d,g,s}={1,0,1}

w=30
1=30
For all mx=2

my=2

common_{d,g,s}={1,1,0} common_{d,g,s}={0,1,0} common_{d,g,s}={0,1,1}

e.g. CNM25 NMOSFET PCell

SR

N
N
N
N
N
N
N
N
N
N
N
N

A Students can design analog layout
faster while still preserving
matching rules

common_p{0,1}={0,1} common_p{0,1}={1,1}

Jofre Pallares et al. DCIS 2014
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Verify—DRC—Run (shift+I) querying error marker properties (q)

Run DRC Properties for object POLYGON in cell drc_test view layout

Design Rule Checker e o | e

Add | Modify Delete
Help | oK I Cancel L Name [pe [vaive |

drcWhy string WINDOW POLYO : 6.9. Poly0 enclosure of Contact >= 4um

Glade
File View Edit Create Verify Floorplan Tools Window Help

User friendly interface AU FL RER—= 9" [0 AdPAWODa|p T o | o | ||
- Jsate Fselo F|2 = [Eewt 4|0 IS >
for debugging DRC errors | e R | v

a
Fle View Edit

Lsw 8 x
Edit Display

= ] EEEE
= OpAmpLib
@ template

. : ) ] e e
Design rules set entirely 2 s i T

scripted in Python b

Lest
ut
modp_m
@ cnm25modn_m
31 cnm2Scpoly_m

A Students can learn how a
DRC is programmed x

CellView

(boolean operations, derived

View DRC errors

H L Jdwg |
| | L2051 NTUB : 2.3. N-well enclosure of P-plus active >= Sum -
ayersl geometrlca Concepts) NTUB L2050 : 2.4. N-well spacing to N-plus active (different net) >= Sum L _ldwg]
POLY1 GASAD : 4.3. GASAD extension of Polyl >= 3um Prev __|dwg]
X flerent net) >= 3um wg
D enclosure of Contact >= lum :@
GASAD NPLUS : 5.1 plus enclosure of GASAD >= 2.5um
POLY1 : notch < 3.000 :[E
B VIA POLY1 : B.5. Via spacing to Poly1 (different net) >= 2.5um [dwg
boolean Operanns derived |ayer'S ierac t\ 5.0, Contact raquires Metall oo Sum :@E,
e e i il | cAPS : 10.1. Exact passivation size = 100um x 100um —
XI5 X. Chy NPLUS :5.3. N-plus spacing to Poly1 inside P-plus active (same net) >= 2um ~
\ 816 x. checking co WINDOW POLY1 : 6.4. Polyl enclosure of Contact >= 1.25um
£|| 7x. Checking Metall 0.0. Design grid is 0.25um x 0.25um
cnm25drc.py Elfsx r'mrkmg via. VIA ww;ov?- 8.4. Via spacing to contact {(different net) >= 2.5um
2| 9.x. Checking Metal2 WINDOW POLYO : 6.9. Poly0 enclosure of Contact >= 4um
| 10.X. Checking Pad WINDOW METAL : 7.3. Metall enclosure of Contact >= 1.25um =
B ) Tota! error count - 110 GASAD POLY1 : 4.4. Poly] extension of GASAD >= 2.5um Viewed =
active = geo Get Shapes ("GASAD" " rawing") 2 : 4.1.a. Polyl width inside GASAD >= 3um
P ‘ - GASAD : 2.2. GASAD spacing (same net) >= 4um 1 —
polygate = geomGetShapes ("POLY1", Jdrawing") WINDOW : 6,10, Contact spacing to Polyl & Polyo (different net) >= dum Remaining e
_ " w. Ji . o NPLUS 12051 : 5.2. N-plus spacing to P-plus active (same net) >= 2.5um sz
polycap = geom etshapes ("POLYO", dranng ) Report on total DRC A1 h Bkl width Auteids GASAR w— 3 Gm
gate = geomAnd (polygate, active) error count __teb | L‘“L

cpoly = geomAnd (polygate, polycap)
geomOffGrid(polygate, 0.25, 1, "0.0. Design grid is
geomWidth (gate, 3, "4.l.a. Polyl width inside GASAD >=
geomSpace (polygate, 3, diffnet, "4.2. Polyl spacing...
geomNotch (polygate, 3, "4.2. Polyl notch >= 3um")
geomExtension(polygate, active, 2.5, "4.4. Polyl ext...
geomEnclose (polycap, cpoly, 3, "4.6. Poly0 enclosure...

Verify—DRC—View errors

e.g. CNM25 DRC script
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Verify—Extract—Run (shift+y) querying device properties (q)

Properties for object INST in cell example view extracted

LVS and Parasitics Extraction T —

Add Modify Delete
I™ Multithreaded?  Max number of threads [=]
Name Type Value
Hels oK Cancel ptiist string 110.01.13000,01.13000,45001,(0,4500]]
- w float

1 float 6
as float 78
- - ps float 37
User friendly interface : R S
File View Edit Create Verify Floorplan Tools Window Help pd float 3

; e 2O FL LERN—* Q@ QU AFPALDDE[P AL oo
for debugging ERC errors B IR T S IR LR T e e o

Ubrary Browser #Xx| @  OpAmplib example layout & OpAmpLib example extracted [ sw ~~ &x
Fle View Edit . Edit Display
Extraction rules set S ' EEEs
= OpAmpLil
2 temoie | ) val v
. . . @ path test NTUB Jawg ]~
= I
entirely scripted in Python
[POLYO dwg |
3 edi tes
# cnm25modp_m
& cnm25modp
& cnm25modn_m METAL [awg|
# cnm25Smodn
% cnm25cpoly_m g |
& cnm25cpoly dwg |
Net Browser & X [METAL Jpin ]
CollView |
= example
Sine I[METAL Tnet |
e [METAL net ]
o [METAL2 Jnet ]
vinn BN(PWELL [dwg]
vioad Myl Tdwg]
vout
vss 3 ldwg]
W7 ldwg]
Hierachy Browser et browser | e ldwg),,
e ca-creen s . .
CN M 2 5 t t . t ; o) .‘.';:,F,S, ;’;‘;‘:ﬁﬁ;f,‘,‘,e:“{“a"‘e Ve Extracted Properties for object POLYGON in cell example view extracted j
# INFO: LPE completed. -
€. g . extraction scri p §| L \ Properties  Net I Polygon | T
Net Name Ivmter 0.0000 ¥29.5000 ,
cnm25xtr.py Pin Name(s) [ I Special Net
L. . Report on total extracted Pin Direction [vouT 2] Fnshapes [0
geomLabel (polygate, "POLY1", "pin", 1) device count and on any

geomLabel (polygate, "POLY1", "net", 0) short circuit error... NonDefault Rulel Inst pins I 10
geomConnect ([ Net Use [m

[cont, ndiff, pdiff, polygate, polycap, metall], - .

. = 2 Inst Name I Cell Name I Pin Name I Special? I
[vial2, metall, metalZ]... ] ) ) querying net properties (q) c0 cnm25cpoly$[[3001,8001],[1.... B false
extractMOS ("cnm25modn", ngate, polygate, ndiff, pwell) M10 cnm25modp$[[12000,60001[... D false
s . : M2 cnm25modn${(12000,12000],... B false
extractParasitic3 (pdiff, metal2, cmetal2diff, O, pns r:zymod:sm;ooo 500615 falce

[metall, polygate, polycap])

e.g. OpAmp layout extraction
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LVS and Parasitics Extraction .q. OpAmp with LVS errors

Glade
file View Edit Create Verify Floorplan Tools Window Help

User fl‘iendly interface e OO F L RFR—+ 9" [OAFALODE > AL LVS error markers
. JSIMHSIW,ﬂ“‘: ol ™ l | - - e ‘ DECE- ;‘JHIIP
for debugging ERC errors oy ST € o e
Extraction rules set { | deameiy aa
entirely scripted in Python S 1 e e
: Sz s : T
Gemini-based layout m— =

versus schematic (LVS)

Extraction of SPICE HL
netlists with parasitic [—
capacitors for post- | —
layout simulation

-----
R Emmw

} LVS results log '
. s

e.g. OpAmp extracted netlist

® Message Wind @ x|
EE

ady {Selmed:um X:-15.7500 ¥:167.2500
opamp_par.sub
.SUBCKT opamp vinn vinp vout vdd vss ibias R . L.
MMO vdd ibias vdd vdd cnm25modp w=1.2e-05 l=6e-06 as=... A Students can debug circuit connectivity
MM1 vdd ibias vout vdd cnm2bmodp w=1.2e-05 l=6e-06 as=... . . - .
CcO vinter vout cnm25cpoly w=6.42928e-05 1=0.000156207 or deV|Ce slze matChlng errors In the

MM8 vout ibias vdd vdd cnm25modp w=1.2e-05 l=6e-06 as=...

same environment

CP1 vin

CP2 parasitic
o 1015 Caps A Students can evaluate losses in circuit
“ENDS performance due to layout parasitics
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Mixed-Mode Full-Custom VLSI Design

1 Introduction

2 Schematic Entry

3 Mixed-Mode HDL Simulation

4 Automatic Circuit Optimization

5 Full-Custom Layout Design and Verification

6 Conclusions
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Conclusions

A EDA environment for practicing mixed-mode full-custom VLSI design
not only at lab but also at home

A Students can gain hands-on experience on:
B Schematic entry

HDL mixed system simulation

HDL block specification

Automatic circuit optimization

DRC and LVS

PCell-based layout

Parasitics extraction

Post-layout electrical simulation

A Practical A/D AZM circuit design case in simple CMOS technology

U " B 102726: Design of Analog and Mixed Integrated Circuits and Systems
http://www.cnm.es/~pserra/uab/damics

42838: Integrated Heterogeneous Systems Design
e e http://www.cnm.es/~pserra/uab/ihsd

Thanks for your attention!
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