Teaching Mixed-Mode Full-Custom VLSI Design | thira Seiany Maech S Gt oo Canciaions 1/21

Teaching Mixed-Mode Full-Custom VLSI Design
with gaf, SpiceOpus and Glade

S. Sutulal, F. Vilat, J. Pallares?!, K. Sabine?,

L. Terés!:3 and F. Serra-Graellsi:3
jofre.pallares@imb-cnm.csic.es

1Tnstituto de Microelectronica de Barcelona, IMB-CNM(CSIC)
2peardrop Design Systems Ltd

3Dept. of Microelectronics and Electronic Systems
Universitat Autonoma de Barcelona

May 2014

Jofre Pallarées EWME 2014



Teaching Mixed-Mode Full-Custom VLSI Design

1

2

3

4

5

6

Introduction

Schematic Entry

Mixed-Mode HDL Simulation

Automatic Circuit Optimization

Full-Custom Layout Design and Verification

Conclusions

Jofre Pallares EWME 2014



Teaching Mixed-Mode Full-Custom VLSI Design

Intro Schem Mixed-Sim Optim Layout Conclusions 3/21

. . . . System-level
Motivation and Objectives gaf
SpiceOpus Architecture HDL
Problems teaching VLSI deign at lab: XSpice Simulation
Physical
m  Professional EDA tools requirements Block HDL d‘zf;gD"K';'t
(licenses, hardware, administration) specification Sl
m  Technology confidentiality —
| Limited lab session time gaf scﬁéﬁiitti;le;,:tlry Device primitives
) SpiceOpus Automatic ri:g;e:fcf]:‘:
EDA environment proposa| for optimizer circuit optimization g
mixed-mode full-custom ASIC design:
Glade PCell-based PCell and other
| j gaf (gschem and friends) for A‘Scheme layout entry layout models
gI_P:I schematic edition and netlisting
seh=m Design rule ion
= SpiceOpus (SPICE with integrated checker Mosk desie
7" optimization utilities) for mixed- XSpice
mode HDL-electrical simulation Layout versus Physical device
schematic rules
Glade (GDS, LEF and DEF editor) A plﬂhOﬂw
for layout design and verification Parasitics Parasitics
extraction rules
] SpiceOpus Post-layou "
A Freeware, available for ﬂJJ & s Postayout Parasitics models
¥ PDK development Glade Layer map
~—N 2@
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Intro

Case Study

» 14-bit 8kHz 2V, A/D AZM

B Mixed signal domains

® HDL modeling required
due to oversampling

> 2P2M 2.5um CMOS (CNM25)
target technology

B Reduced DRC rule set

B Simple device modeling

m Easy PDK development

Analog 3|< Digital

Amp. Anti AY modulator
limiter  aliasing ,--------------------------~ ~ Decimator

V.;ens - N V;Zn. H(z) L _'_I_I_ jut [ wsens

(K

% Noise shaper J kyy
=

Quantizer

dout

; ‘ > z-1 z71
i k; -
C 1—2-1 2 1—2-1

First integrator Second integrator

:,:
"

Feedback DAC
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i netlist generation

Schematic Entry & e ——
~ Fle Edit Buffer View Page Add Hierarchy Attributes Options Help | |

nool~vlo=FE [N

A Fully customizable symbols

A Programmable netlisting
rules for standard SPICE
devices and custom XSpice
models

e.g. AZM architecture gnetlist
delk  deli ;
emaren. sub Add — Component... (i) ;
o o tn e ) e 5 querying component (q)

.subc sm_arch vin de¢ ou Frm] Preview = x

asumin [%v (vin) %v(vdac)] %$v(verr) msumin 1ﬁ5ﬁmm“L4444444447- A? da NEEs guMmrwﬂhw

.model msumin usummer (sign=[1.0 -1.0]) | dekasigma i [ device KGAIN 08 =] v
akil $v(verr) %v(vintlin) mkil “ cnmascpolisym %|>_ refdes akf 80 © >
.model mkil kgain (k=0.3) Pick | Repeat/none gt || symversion 02 0 Select Mode
azintl %v(vintlin) %d(dclk) %v(vintlout) mzintl dacalsym.sym \ k=10 T D

.model mzintl zinteg2lim(pos_edge=0 out_ic=0.0 [ gansm Attributes —_— =

+ out_min=-5.0 out_max=5.0) ::::::':::‘sym :“‘"‘"’“‘ Scalar gairy L) Showmherkmd szt

. : : . . & . | levice KGAIN

akiz %v(v%ntlouF) $v(vint2in) mkiz2 - 1 3 b ":::M:amme -

.model mkiZ kgain(k=0.7) zinteg2lim.sym || |modelname kgain h

azint2 %v(vint2in) %d(dclk) %v(vint2out) mzint2 |} lnumsits o Vo * Add

.medel mzint2 zinteg2lim(pos_edge=0 out_ic=0.0 R ———— [Hle=. A2 | 1

+ out_min=-5.0 out_max=5.0) oz Y e 5] Visible | Show Name & Value ;)

akff %v(vintlout) %v(vkifout) mkff

| Default behavior - reference component 2] % Close

.model mkff kgain(k=2.0)
asumout [%v(vintZout) %v(vkffout) %v(vin)] % Close v oK
+ %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-le-9) » Library browsing, net and pin labeling,
aaac jafoour) Fyivdac) maac hierarchical navigation, instance

.model mdac dac2lsym(out_level=2.0)

e annotation and automatic rewiring...
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Architecture HDL Simulation

zinteg2lim.mod

. H vold cm_zinteg2lim (ARGS) {
A Students can code in C their own inp = INPUT (inp) s /+ Retriving input values =/

mixed-mode XSpice HDL models clk - INPUT_STATE(clk);

pos_edge = PARAM (pos_edge); /+ Retrieving parameters x/
out_max = PARAM (out_ax);

Vin Ce
Oy | switch (RANALYSIS) {
case TRANSIENT:
if ((x*clk_mem==0NE) && (clk==ZERQO)) {/% Neg. clk edge =/

i = dout if (pos_edge==FALSE)
ou .
C_' 2_1 Kis z_l action = SAMPLING_INTEGRATION;
1—2" 1—2— [mn } else {

if ((#clk_mem==ZERO) && (clk==0NE)) {/+ Pos. clk edges/

+
/ if (pos_edge==TRUE)

(EV7s action = SAMPLING INTEGRATION;
} else { /% No clock edge =/
action = HOLDING;
SpiceOpus }
Cc™m “e .
libraries switch (action) {

case SAMPLING_INTEGRATION:

SPICE3 *inp_mem = inp;
event engine electrical engine out = xout mem+xinp mem;
deltasigma.cm if (out<out_min) { out = out_min; } /* Limiter =/
if (out>out_max) { out = out_max; }
*out_mem = out;
Insd break;

SR Nutmeg tranzps case HOLDING:

P ) scripting interface exterrlal out = w=out_ mem;

-------- 'FLInCtIOﬂ }}}

*.ifs
*.mod

Code Model (CM)
source code

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

Jofre Pallares | EWME 2014
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. . . - plotl:Harmonic input -6dBFS@2kHz - SpiceOpus Plot - + x
PSD [dBFS]
Architecture HDL Simulation o |
cursor-based //’20/ /A\ €.g. AZM PSD
measurement ’ / \
A Students can code in C their own SE— 4|° /
mixed-mode XSpice HDL models = el
g ssmelt | |
A Nutmeg scripting allows to niversity of 1 [ ]
- . Faculty of Elec 1
manage several circuits and Gy R Compt "°° (
u . http://www.spiceg
analysis at the same time ST
/:s:;zgcal;;ib;: ‘
. E‘i:.e :‘.;O[ found i [140 J
A Auxiliary external programs et |
may be also combined |
Found 6 CM devid Frequency [Hz]
Successfully loa Curve: <space> @ x=2.033676381e+03 y=-6.951719018e+00 4
SpiceOpus Epice;pus (;b . —.> test01l.sp3 Nutmeg console for
CM Diz;:‘f;‘:’;[}”‘“““’" - automatic test routines
libraries Extrac:i:q s;gf.al tQ quantization noise and distortion ratio...
SQNDR=97.8dB (15.9bit)
SP|CE3 Z.—é::‘s o | vaD:[In:tll:Z-imegraloromIimit={O,-S,-B}dBFS-SpiceopusPIM =
event engine electrical engine ‘:- S “““ e.g. ASM S‘NDR /T\

deltasigma.cm

- SpiceOpus Command Window - + x
File Edit Control Window Help
" =l
_________ SpiceOpus (c) 1 -> test03.sp3
| optimize! R tranzpsrl
[ ' scripting interface :.xte?a s_gﬁng ki2 0.5 0.6 0.7 0.8 0.9 '\
unction bt
0.1 1 15.2 | 15.6 | 16.0 | 16.4 6.3
0.2 | 14.9 | 15.9 | 15.6 | 15.9 6.1
*.ifs kil 0.3 | 15.1 | 15.6 | 15.9 | 15.7 6.3
*.mod 0.4 | 14.8 | 15.3 | 15.6 | 16.2 6.4
0.5 | 14.9 | 15.5 | 16.5 | 16.3 | 16.4
Code Model (CM)
source code ..
e.g. AZM coefficients |ssiceopss @ 2 | A e ——
. . @ ¥
mismatching study -
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Block HDL Specification

A

Mixed HDL-electrical

simulation to define circuit
block requirements

opamp.ifs

NAME_TABLE:
Spice_Model_Name:
C_Function_Name:
Description:

PORT_TABLE:
Port_Name:
Description:
Direction:
Default_Type:

PARAMETER_TABLE:
Parameter_Name:
Description:
Data_Type:
Default_Value:
Limits:

PARAMETER_TABLE:
Parameter_ Name:
Description:
Data_Type:
Default_Value:
Limits:

opamp
cm_opamp
"OpAmp macro"

inp inn
"pos. input" "negq.
in in

v v

G GBW
"DC OL gain" "GBW"
real real
1000 leb6
[0 -] [0 -]
out_min

"lower out limit"
real

0

[0 5.0]

out

input" "output"

out
v

SR
"slew-r
real
le6

[0 -1

out_max
"upper out 1
real

5.0

[0 5.0]

file Edit Buffer View Page Add Hierarchy Aftributes Options Help Netiist

n o

ullr-u\a}EEﬂ.

dsm-sc.sch - gschem

m=1
w=3ou O
=30y I -
m=2
enmiScooly w=3gu  Cf2
=30y | |
nit__ini, __ETT
aswi em2Sepaly w12
cHy 2532
ron=0 ron=0
rofi=1e9 m:;oou roff=1e9 m:320
" w=30u
LI @2 St
iA B H—l{‘s iA iB = iA 'y
m=3 e m=1 enmascpaly m=1
w=30u w=30u w=30u
o1 S asw3|  @opamp! aws 2 130 aswT opamp? aswBi30u OO Sy
it S - g i | E24 X
vin_vin /. I B | . T B iy . T
ron=0 1 ron=0 1" ron=0 ron=0 Ton=0 ut
roff=1e9 enmSepoly rofi=1e8 [~ |7~ roff=1e9 mm25epaly rofi=1e9 + roff=1e9 enm25¢palve
95 2= G=2 r B5 = 25 5 pos_edge=1
i B8 | Bna B2 |8 caw=? i 55 | B 5|8 Gaw=r oie B8 |oBwia B2 | Gtiesh
— S\ e—— N SR=? N0 m———3N\ 0 SR=" 5N\ D il N 1 L rise=10a-9
£ £e out_min=15 55 £% out_min=15 5 5 ttall=1.0e-9
se == out_max=35 == == out_max=35 2= =
wref_vref c
2
SRl 0]
delk g PhiA output_low=15
n = output_high=3.5
phiB M |
pos_edge=1
trest=10e-9
Pick | | MenuiCancel  Grid(100, 100) Select Mode

e.g. OpAmp specification study

~ 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 — + >

PSD [dBFS/bin] PSD [dBFS/bin]

/| G=80dB [\ G=60dB

SR=20V/us SR=8V/us

> GBW=40MHz - GBW=20MHz

&0 60

-80 -80 1

100 Aﬁfﬁp 'I | -100 HH Nk

-120 m |'l 1 420 fwn& ‘

-140 -140- Q

1000 10000 100000 16406 1000 10000 100000 1e+06
Frequency [Hz] Frequency [Hz]

Curve: <space> @ y Gurve: <space> @ Y
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Automatic Circuit Optimization

» Routine scripting:
® Design parameters

B Figures-of-merit (FOMSs)

Implicit rules for discarding solutions

Cost function to score candidates

opamp_optimize.sp3

E]

2 3 3 3 3 3.

2T 3 3 3. 3 3 3 3 3 3.

= .

SpiceOpus

c™M

libraries

XSpice
event engine

deltasigma.cm

1 . s N
optimize

—_———

*. ifs
*.mod

Code Model (CM)
source code

y Nutmeg
scripting interface

SPICE3

electrical engine

tran2psd
external
function

e.g. OpAmp
optimization

optimize 2
File Edit Buffer View Page Add Hierarchy Aftributes Options Help Netlist

parameter 0
parameter 1
parameter 3

@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

opamp-miller.sch - gschem

poEl~vio=F [N

- + x

25
26
27
28
29
30

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]

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 1/tran2.srneg+l/tran2.srpos+abs (60—ac?.pm)

method genetic elitism yes maxgen 1000 I

vdd

vgld

ME
w=12u
I=Gu

=2
w=12u
156u

MT]J
C

cnm25madp

M5

i

cnm25modp

w=100u Ccomp

cnm25mo

cnm25madn

VSSs

vinp

m=1

1=100u
B ‘ T
|

cnm25cpaly
M6

| [

W

=3

=12u

6u

cnm25modp

m=1
w=48u

;

cr

6u

m25maodn

Pick | Repeat/none | Menu/Cancel

Grid(100, 100}

EWME 2014
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Automatic Circuit Optimization

Routine scripting: A Students can customize all steps

_ and review results:
®  Design parameters

®  Figures-of-merit (FOMs) 'm?:;':ﬁ;g:h::g;m-SPi=E°P“5 e R R
100
®  Implicit rules for discarding solutions N

N 3

B Cost function to score candidates SR

o ey
s
opamp_optimize.sp3 \\\\\\\\\ 55
optimize P
. e -100 — [T

parameter 0 @ml:xopamp[w] low 6u high 120u initial 32u
" 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 - + x

" analysis 27 let gph=phase (v (vout)) Device Units Before After || 4
" analysis 28 cursor c right gmag 0 L T mem T A & ecorelnd
" ; — 32
. analyS}s 29 let gbw=abs (frequency[%c])/leé M3 M4 [um/um] 1x24/6 2x24/6

analysis 30 let pm=180+gph[%c] ME um/uml 8x24/6 4x24/6
. M8 [um/um] 1x12/6 1x12/6
" analysis 46 tran 1ln 5u M5 [um/um] 8x12/6 9x12/6
" analysis 47 cursor c¢ right wvout 2.1 M7 [um/um] 2x12/6 8x12/6
" analysis 48 let tl=time[%c] Ccomp [umxum] 1x100x100 1x61.18x61.18
" analysis 49 cursor ¢ right vout 2.9 | ||FTTiTTTmEEmmmmmEmmmmmmmmmamEanas
" analysis 50 let t2=time[%c] Sefore After
" analysis 51 let srpos=0.8/(t2-tl)*le-6 .
" implicit 0 op2.pd 1t 1.5 i;
" implicit 1 opZ.area 1t 0.025 3.
" implicit 4 ac2.pm gt 60 4
" implicit 5 tranZ.srpos gt 12 0.

cost 1/tran2.srneg+l/tran2.srpost+abs (60—-ac2.pm)
method genetic elitism yes maxgen 1000

= .

SpiceOpus (c) 2 -> | = 00
Iteration
‘I I L Curve: <space> @

4
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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 EWME 2014
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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 qu{ g

mx=4
my=2

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

e.g. CNM25 PiP
capacitor
PCell

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

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

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}

R T

NS
‘l

e.g. CNM25 NMOSFET PCell

\—

RARETRR.

SR SR

A Students can design analog layout
quickly while preserving matching
rules

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

Jofre Pallares EWME 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

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 pkiia | /

a
Fle View Edit

Lsw 8 x
Edit Display

= ] EEEE
= OpAmpLib
@ template

- : ] ) o]
Design rules set entirely 2 s i T

scripted in Python i

Lest
ut
modp_m
@ cnm25modn_m
31 cnm2Scpoly_m

A Students can learn how a
DRC is programmed S x

(boolean operations, derived
layers, geometrical concepts)

View DRC errors
L dE
L2051 NTUB : 2.3. N-well enclosure of P-plus active >= 5urm - Next Fawa]
NTUB L2050 : 2.4. N-well spacing to N-plus active (different net) >= Sum =
POLY1 GASAD : 4.3. GASAD extension of Polyl >= 3um Prev __|dwg]
. fferent net) >= 3um E
META 7.1 Delete Marker T Jawg]

D enclosure of Contact >= lum

GASAD NPLUS : 5.1. N-plus enclosure of GASAD >= 2.5um
POLY1 : notch < 3.000
VIA POLY1 : B.5. Via spacing to Poly1 (different net) >= 2.5um

-

: : _dwg]

. P N : xact contact size = 2.5um X 2.5um Jows)
boolean Operat|on S derived |aye rs e {50 Contact requires Metsll aaum s __lawg -
»

CAPS : 10.1. Exact passivation size = 100um x 100um

] 5.X. Checking NPLUS :5.3. N-plus spacing to Poly1 inside P-plus active (same net) >= 2um
& l6x. check WINDOW POLY1 : 6.4. Polyl enclosure of Contact >= 1.25um
8| 7.x. Checking Metan1 0.0. Design grid is 0.25um x 0.25um
cnm25drc.py Bl 8x. Checking via VIA WINDOW : 8.4. Via spacing to contact (different net) >= 2.5um
2| 9.x. Checking Metal2 WINDOW POLYO : 6.9. Poly0 enclosure of Contact >= 4um
5 s B 10.X. Checking Pad... WINDOW METAL : 7.3. Metall enclosure of Contact >= 1.25um ~
d x ) Tota! error count - 110 GASAD POLY1 : 4.4. Poly] extension of GASAD >= 2.5um Viewed =
active = geoNGetShapes ("GASAD", "drawing") £ : 4.1.a. Polyl width inside GASAD >= 3um r
i GASAD : 2.2. GASAD spacing (same net) >= 4um —
polygate = geomGetShapes ("POLY1", Jdrawing") WINDOW : 6.10. Contact spacing to Polyl & Poly0 (different net) >= 4um Remaining e
5 " w. Ji . o NPLUS 12051 : 5.2. N-plus spacing to P-plus active (same net) >= 2.5um 2
polycap = geomQetShapes ("POLY0", /"drawing") Report on total DRC A1 h_Brhel width nutcids GASAD e 2 Siim =
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

cnml:)npls EWME 2014
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Verify—Extract—Run (shift+y) querying device properties (q)
LV S d P - . = [~ Properties for object INST in cell example view extracted |
an arasitics eXtraction e
Extraction rules file [ /cnm25xtr_vs py] = = o o =
i ete
I™ Multithreaded?  Max number of threads [=] - o e :
ame .
Help l oK I cancel [ ptist string 10.01.13000,01.13000,45001.10,45001]
- 2 i float iy
1 float 6
as float 78
U f - dl - t f - Glade :s: g:: g;
Ser rlen y in er ace file View Edit Create Verify Floorplan Tools Window Help pd — it

: e 2O FL LERN—* Q@ QU AFPALDDE[P AL oo
for debugging ERC errors B R E NI R N D LS T T e

Library Browser &x| @  opAmpLib example layout &  OpAmplib example extracted [ Lsw &%
File View Edit N Edit Display
- Libraries | 15| | as| av
Extraction rules set = opimors ) ] va] ol
. . . & path_test FNTUB dwg |~
= i
entirely scripted in Python crs )
5 edittest MForvs Jawg]
& di
5 cozsmodp_m
& cnm25modp_
# cnm25modn_m m
e
&- cnm25cpoly
Net Browser & x [METAL [pin |
Cellvew |
& example
Sine [METAL net |
- ses 8 ‘ ETL Joet |

vss

g
i

Mys  [dwg]
Wy7  dwg]
Hierachy Browser __ Net Browser bo ldwal,
XTS5 70 Colxamie cortams 7o nes . - =
. ; ; o) .‘.';:,F,S, ;’;‘;‘:ﬁﬁ;f,‘,‘,e:“{“a"‘e e e Properties for object POLYGON in cell example view extracted at
e.g. CNM25 extraction script e propetiesy) el | EFohmen] — =
Net Name Ivmter 0.0000 ¥29.5000 ,
cnm25xtr.py Pin Name(s) I I~ Special Net
- . Report on total extracted pin Direction [No0T 2] pinshapes [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],

X uerving net properties Inst Name I Cell Name I Pin Name I Special? I
[vial2, metall, metalZ]... ] ) . querying Prop (q) c0 cnm25cpoly$[[3001,8001],[1.... B false
extractMOS ("cnm25modn", ngate, polygate, ndiff, pwell) M10 cnm25modp$[[12000,60001[... D false
s . ; M2 cnm25modns$([12000,12000].... B false
extractParasitic3 (pdiff, metal2, cmetal2diff, O, M2 cnm25modn$[[12000,12000],... D false

[metall, polygate, polycap])

e.g. OpAmp layout extraction

& ICRS EWME 2014
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LVS and Parasitics Extraction

User friendly interface
for debugging ERC errors

Extraction rules set
entirely scripted in Python

Gemini-based layout
versus schematic (LVS)

Extraction of SPICE
netlists with parasitic
capacitors for post-
layout simulation

e.g. OpAmp extracted netlist

e.g. OpAmp with LVS errors

Glade
file View Edit Create Verify Floorplan Tools Window Help

e OO F L RFR—+ 9" [OAFALODE > AL
[sanfo" Hsoplss H|| 2 = I|[@ == ¢ § (2D FFH2HI"K

Library Browser sx[ @ &  OpAmpLib example extracted [ gx
Fle View Edit e ———————

LVS error markers

Libraries 2 SERARSSEEEERERRNRERNSEsEnNEnennnhAanns W
= OpAmpLib

------------------
nnnnnn
------

#- cnm25modn
@ cnm25cpoly_m

Net Browser & x

opamp_par.sub

.SUBCKT opamp vinn vinp vout vdd vss ibias
Cc0 vinter vout cnmZ5cpoly w=6.42928e-05 1=0.000156207

CP1 vinte

CP2 parasitic
CP3 v
cpa v caps

.ENDS

MMO vdd ibias vdd vdd cnm25modp w=1.2e-05 1=6e-06 as=...
MM1 vdd ibias vout vdd cnm2bmodp w=1.2e-05 l=6e-06 as=...

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

cnml: )epls

CellView |
= example
i

--------

-----------
REERBANENES

EESSNENNRANENNNSENSE
NS S I NN IR NN NNNSSENS

Hierachy Browser __ Net Browser
o

=]

0 device:
H S

results lo

Z|l 4 wFo: s fi ith exit code / g
= || # INFO: LVS complete
8l <o~ i) calactpnint(se75n 239380 M >
gLl | ’
$
S
Ready [selected: 0 [FULL [x:-15.7500 ¥167.2500

A Students can debug circuit connectivity
or device size matching errors in the
same environment

A Students can evaluate losses in circuit
performance due to layout parasitics
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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 Complete EDA environment for teaching mixed-mode full-
custom VLSI design

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

PCell-based layout
Parasitics extraction

® HDL system simulation

® HDL block specification m @
B Automatic circuit optimization WSTITUT OF MCROELEGTRONCA DE BARGELONA. G50
® DRC and LVS

|

|

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

Other sources:

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

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

Jofre Pallarées EWME 2014



