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Full-Custom Analog IC Design Flow

From circuit idea to layout masks... A EDA-assisted methodology

|/
- - System-level PCell-based
WA schematic entry layout entry

—I— Architecture HDL Design rule
j—‘_L simulation checker
[ Block HDL ) ( Layout versus )
| speC|f|cat|on schematic .
Schematic Physical
flow \ flow
Circuit-level Parasitics
schematic entry extraction
Automatic \ Post-layout i
circuit optimization ) simulation
\L Mask making
Wafer processing
C Tape-out HScreening
Dicing

Packaging
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Full-Custom Analog IC Design Flow

From circuit idea to layout masks... A EDA-assisted methodology

|/
- - System-level PCell-based
WA schematic entry layout entry

i}

—I— Architecture HDL Design rule
j—‘_L simulation checker
[ Block HDL ) ( Layout versus )
| speC|f|cat|on schematic .
Schematic Physical
flow \ flow
Circuit-level Parasitics
schematic entry extraction
Automatic \ Post-layout
[cwcunt optlmlzatlon [ simulation ) C:Q
\L Mask making
T Wafer .processing
Device sizing is an intermediate key point! ( ape-out ) g

Packaging
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Full-Custom Schematic Design

System-level
schematic entry

v

Architecture HDL

Architecture selection according to
system and application specifications:

simulation
Analog | Digital \]{
Block HDL
Amp. Anti A% modulator specification
limiter aliasing ,--------------------------- <~ Decimator

L

Circuit-level
schematic entry

v

Automatic
circuit optimization

‘/SCTLS
o—> —>

(e

wsens
M

]
]
]
|
]
]
I
i { DAC
]
|

N N N Y D
(U U O W N

Vin o
QU Noise shaper |
|k?ff _
Quantizer Signal processing performance
+ z_l Z_l dout
C‘? > 1— 21 2 121 0L Communications standards
First integrator Second integrator .
/ Power constraints
£V},
N Testbility requirements
e.g. AX modulation ADC architecture Feedback DAC

..and many more!
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Full-Custom Schematic Design

System-level
schematic entry

J

Architecture HDL

System modeling through any
hardware descitpion language (HDL)

simulation
zintegalin.mod Architecture descritpion
void cm_zinteg2lim(ARGS) { P Block HDL
inp = INPUT (inp); /* Retriving input values */ - .ge . specification
clk = INPUT_STATE (clk); [ | Slmp|lfled modellng P
pos_edge = PARAM(pos_edge); /* Retrieving parameters x*/

L

Circuit-level
schematic entry

v

Automatic
circuit optimization

out_max = PARAM (out_ax);

m Second order effects
switch (ANALYSIS) {

case TRANSIENT: are neglected

if ((x*clk_mem==ONE) && (clk==ZERO)) {/* Neg. clk edge */
if (pos_edge==FALSE)
action = SAMPLING_INTEGRATION;
} else {
if ((*clk_mem==ZERO) && (clk==ONE)) {/* Pos. clk edgex/
if (pos_edge==TRUE)
action = SAMPLING_INTEGRATION;
} else { /* No clock edge =*/
action = HOLDING;
}

N N N Y )
(U U U W N

switch (action) {
case SAMPLING_INTEGRATION:
*inp_mem = inp;
out = xout_mem+*inp_mem;
if (out<out_min) { out
if (out>out_max) { out
*out_mem = out;
break;
case HOLDING:
out = *out_mem;

out_min; } /% Limiter =x/
out_max; }

11}

e.g. XSpice
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Full-Custom Schematic Design

System-level
schematic entry

J

Architecture HDL

HDL numerical simulation of the full system
using event-based engines

e.g. SpiceOpus

simulation
. . v lotl:Harmonic input -6dBFS@2kHz - SpiceOpus Plot - + x
Architecture evaluation reoeerst” R T
[ | SlmUIat|On Speed-up - Block HDL

by orders of magnitude specification

L

Circuit-level
schematic entry

v

Automatic

m Ideal response (maximum
possible performance)

dsm-arch.sub
.subckt dsm _arch vin dclk dout

asumin [%v(vin) %v(vdac)] %v(verr) msumin
.model msumin usummer (sign=[1.0 -1.0]) .l

2
4
-6
8
1
1
1

I

|

0

|

0

|

0

|

0

|
-100

|

20

|

40

.

I

N N N Y )
(U U U W N

akil %$v(verr) %$v(vintlin) mkil 100 1000 10000 100000 1e+06
.model mkil kgain (k=0.3) Frequency [Hz] CII’CUIt 0 tlmlzatlon
azintl %$v(vintlin) %d(dclk) $%v(vintlout) mzintl So i X NS 4 P

.model mzintl zinteg2lim(pos_edge=0 out_ic=0.0
+ out_min=-5.0 out_max=5.0)

aki2 %$v(vintlout) %v(vint2in) mki2

.model mki2 kgain (k=0.7)

azint2 %$v(vint2in) %d(dclk) $%v(vint2out) mzint2
.model mzint2 zinteg2lim(pos_edge=0 out_ic=0.0
+ out_min=-5.0 out_max=5.0)

akff %v(vintlout) %v(vkffout) mkff

.model mkff kgain (k=2.0)

asumout [%$v(vint2out) $%v(vkffout) %$v(vin)]

+ %$v(vquantin) msumout

.model msumout usummer (sign=[1.0 1.0 1.0])
aquant %v(vquantin) %d(~dclk) %d(dout) mquant
.model mquant quant2lsh(inp_th=0.0 out_ic=0 pos_edge=0
+ t_rise=le-9 t_fall=le-9)

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

.model mdac dac2lsym(out_level=2.0)

.ends
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Full-Custom Schematic Design

System-level
schematic entry

Choosing most suitable circuit technique according to:

Architecture HDL
simulation

-

N N N )

Clrcmt level
schematic entry

e.g. switched-capacitor (SC) technique

(

Automatic
circuit optimization

Block HDL
speC|f|cat|on

CMOS technology options

-+ N H N o=+ X + . . .. .
43 4 3 4, 3 CII’CUIt sensitivity against rocess,
1 > ) > > ) y against p

ettt I o el L supply and temperature (PVT)

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells

|C operation conditions
(calibration, testability...)

External components available
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Full-Custom Schematic Design

Splitting system design problem into independent blocks:

Layout Verification

Parasitics

DFM

System-level
schematic entry

v

=3

il

™

Modeling second order

Architecture HDL

i simulation
effects due to limited
| block performance J(
-3 = — m Electrical simulation B|0<_3;<' HDL
N > QLfH _J_> > of each block is feasable SpeC'Iat'On

m Transistor-level final

Circuit-level
schematic entry

F___. Il

1

simulation of overall
system is still required!
|
L_- 1
opamp.ifs - |
~ plot1:SQNDR=57.13dB (9.2bit) for G=1000 (60dB) SR=8V/us GBW=20MHz - + x
NAME_TABLE: PSD [dBFS/bin]
Spice_Model Name: opamp
C_Function_Name: cm_opamp
Description: "OpAmp macro"
-20

PORT_TABLE:
Port_Name: inp inn out
Description: "pos. input" "neg. input" "output" -40
Direction: in in out
Default_Type: v v v
R -60
PARAMETER_TABLE:
Parameter_ Name: G GBW SR
Description: "DC OL gain" "GBW" "slew-rate" -80 |
Data_Type: real real real
Default_Value: 1000 le6 le6
Limits: [0 -1 [0 -1 [0 -1 4100 1 HH-
PARAMETER_TABLE:
Parameter_Name: out_min out_max

Description:
Data_Type:
Default_Value:
Limits:

v

"lower out limit"
real

0

[0 5.0]

"upper out limit"
real

N N N Y )

Automatic

circuit optimization

) N N N

-120

-140-

1000 10000 100000 1e+06

Frequency [Hz]
Curve: <space> @ 4

Design of Analog and Mixed Integrated Circuits and Systems

F. Serra Graells

e.g. limited {G,GBW,SR}
Opamp macro model
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Full-Custom Schematic Design Syeterm fove
schematic entry
Choosing the particular circuit topology for each system block:
Architecture HDL
I simulation
— ——o o
|_£/ | i ( Block HDL )
o . afte win vias ui sl + R speaﬂcatnon
T S GRS
” J Ho_ Clrcwt level
- — schematic entry
T Automatic
—EH: cll_ c”fr [cwcmt optlmlzatlon)
Hh e|[ 4r a|[ Separated block tests
Target specs from previous step
©) ©)
e.g. fully-differential D_{ }_q — e.g. {G,GBW,SR}
fo|dC§dSC8?)eA?::g l m Fast and accurate electrical simulations
| In -

m Several topologies can be easily investigated

1T
T LI

m Inter-block coupled effects not covered!

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells
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Full-Custom Schematic Design

System-level
schematic entry

v

Architecture HDL

~ plotl:Bode Diagram - SpiceOpus - + x

Device size optimization at block level: | oo

T
100

e.g. OpAmp

simulation
automatic optimization \\
B N
}: :1] -~ plot2:Step Response - Spiceopus  |° s
Block HDL

specification

L

Circuit-level

= - \§

10 /100 " 1000 10000 | 100000 ~ 1e+06
Freauency [Hz] schematic entry
Curve:
opamp_optimize.sp3 S Y
optimize - - ¢
parameter 0 @ml:xopamp[w] low 6u high 120u initial 32u G S AR N S e e i
" parameter 1 @m6:xopamp[m] low 1 high 10 initial 8 ‘ ° c File Edit Control Window Help

Time [s]
Curve: <space> @ 4

Automatic
circuit optimization

" parameter 3 (@Qccomp:xopamp[w] low 25u high 250u

" analysis 25 ac dec 50 10 10e6

" analysis 26 let gmag=20xloglO (mag(v(vout)))
" analysis 27 let gph=phase (v (vout))

" analysis 28 cursor c right gmag 0

" analysis 29 let gbw=abs (frequency[%c])/le6
" analysis 30 let pm=180+gph[%c]

) N N N

~ plot0:Parameter Evolution - SpiceOpus - + x |
m1[w],m6[m],m7[m],m5[m] & ccomp[w,l]

[
N ¢ N YN Y )

" analysis 46 tran 1ln 5u

" analysis 47 cursor c right vout 2.1

" analysis 48 let tl=time[%c]

" analysis 49 cursor c right vout 2.9

" analysis 50 let t2=time[%c]

" analysis 51 let srpos=0.8/(t2-tl)xle-6

" implicit

0 op2.pd 1t 1.5
" implicit 1 op2.area 1t 0.025 /\/z X —_—
" implicit 4 ac2.pm gt 60
" implicit 5 tran2.srpos gt 12 L

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

" method genetic elitism yes maxgen 1000 Iteration
Curve: <space> @ 4

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells
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MOSFET Sizing Analog Guidelines

Bandwidth, technology mismatching
Transistor (also other devices) and flicker noise:

6033
matching ratios: Cop = EMWL
multiplicity (M) devic.e area (M_WL) o (AP) ~ Ap
o—{ M1 M2 }—v design for a common design for a given MWL
channel aspect M and W/L 5
ratio (W/L) dnpe  Kp 1
df MWL f

oy [

Physical layout considerations:

non-minimum

impedance: afo"e d_eSig”V\r/”'fs M integer
) or a given W/ design for an M1la M2a
overall MW /L
A X z i overall /
M and W/L
design for a given
MQOS transconductance: absolute L value M2b M1b
W
Mf T Img,s T e.g. M even values for

common centroid layout techniques
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cnm25proc.lib

L] L]
Process Simulation " QW25 process corors
.1ib common
.model cnm25modn nmos LEVEL = 2
GI b l d . - _I-_- d I . + TOX = 380E-10 ~ VTO = {vton}  NSUB = 2.64E16 UO = {uon}
obal deviations of model parameters: + UCRIT = 1E4 UEXP = 6.86E-2 NFS = 7.11E11
+ DELTA = 2.20 RS = 93.8 LD = 9.13E-7 XJ = 8.24E-8
. . + VMAX = 5.96E4 NEFF = 1.48 CJ = 3.50E-4 MJ = .40
Same change in all devices of the ASIC + CISW = 5.95E-10 MISW = .29 PE = .65
+ AF  =1.33 KF =1le-29
Worse-case corner analysis: (t)yp, (f)ast, (s)low... .model cnm25modp pmos LEVEL = 2
+ TOX = 380E-10 VTO = {vtop} NSUB = 1.36E16 UO = {uop}
+ UCRIT = 1E4 UEXP = 1.16E-1 NFS = 6.62E11
+ DELTA = 1.82 RS = 134.9 LD = 8.10E-7 XJ = 2.78E-9
+ VMAX = 1.20Eb5 NEFF = 6.67E-2 CJ = 3.82E-4 MJ = .35
17(pararn) + CJSW = 7.38E-10 MJSW = .39 PB = .56
ASIC fabrication *AF =183 KF o =1e-29
- .model cnm25cpoly c CJ= 4.227E-4 CJSW=0.0
pass/fail! endl
.1ib tt
° o ° .param vton=.942
.param vtop=-1.139
.param uon=648
param .param uop=213
S t f .1lib ’cnm25proc.lib’ common
.endl
.1lib ss
.param vton=1.1
.param vtop=-1.3 ‘%Tl{ T\S|OVV
.param uon=415 [3~L
.param uop=131
b- 4 b- < b- 4 .1ib ’cnm25proc.1lib’ common
.endl
F % F % F % :;i:aifvton=0.7 ‘/ i
. T Ll T Ll T param vtop=-0.9 ' TH fast
I I I ] [ I I ] I I I ] .param uon=881
TG ATt Tt |
.1ib ’cnm25proc.lib’ common
.endl

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells
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Process Simulation

Global deviations of model parameters:

Same change in all devices of the ASIC
Worse-case corner analysis: (t)yp, (f)ast, (s)low...

Combined corners: process/voltage/temperature (PVT)

p(param)
ASIC fabrication
pass/fail!
param
3 t f

Montecarlo statistical analysis:

p(param)

ASIC fabrication
yield!

param

Design of Analog and Mixed Integrated Circuits and Systems

Layout Verification

* CNM25 process corners

.1ib common
.model cnm25modn nmos LEVEL = 2

.param vton=.942

.param vtop=-1.139

.param uon=648

.param uop=213

.1lib ’cnm25proc.lib’ common
.endl

.1lib ss

.param vton=1.1
.param vtop=-1.3
.param uon=415
.param uop=131
.1ib ’cnm25proc.lib’ common
.endl

Vrua T

slow

.1lib ff

.param vton=0.7
.param vtop=-0.9 fast
.param uon=881

.param uop=295

.1ib ’cnm25proc.lib’ common
.endl

Parasitics

cnm25proc.lib

DFM

+ TOX = 380E-10 VTO = {vton} NSUB = 2.64E16 UQ = {uon}

+ UCRIT = 1E4 UEXP = 6.86E-2 NFS = 7.11E11

+ DELTA = 2.20 RS = 93.8 LD = 9.13E-7 XJ = 8.24E-8
+ VMAX = 5.96E4 NEFF = 1.48 CJ = 3.50E-4 MJ = .40

+ CJSW = 5.95E-10 MJSW = .29 PB = .65

+ AF  =1.33 KF =1e-29

.model cnm25modp pmos LEVEL = 2

+ TOX = 380E-10 VTO = {vtop} NSUB = 1.36E16 UO = {uop}

+ UCRIT = 1E4 UEXP = 1.16E-1 NFS = 6.62E11

+ DELTA = 1.82 RS = 134.9 LD = 8.10E-7 XJ = 2.78E-9
+ VMAX = 1.20E5 NEFF = 6.67E-2 CJ = 3.82E-4 MJ = .35

+ CJSW = 7.38E-10 MJSW = .39 PB = .56

+ AF  =1.33 KF =1le-29

.model cnm25cpoly c CJ= 4.227E-4 CJSW=0.0
.endl

.1ib tt

supply voltage

Ss

N/PMOS

F. Serra Graells
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Mismatching Simulation

Local deviations of model parameters:

cnm25match.lib

Different change for each device of the ASIC

.param avto=30e-9
.param rauo=5e-8

Pelgrom Law .param rac=7.3e-8

Montecarlo statistical ana|y5|5: .subckt cnm25modn d g s b param: w=3u 1=3u

+ ad=0 as=0 pd=0 ps=0 m=1

p(paranﬁ .param vton=.942+rndgauss(avto/sqrt (mkw* 1))

.param uon=648* (1+rndgauss(rauo/sqrt (m«wx 1)))

.model modnlocal nmos level=2 vto={vton} uo={uon} tox=...
mn d g s b modnlocal w={w} 1={1}

(A{VVI» 0 + ad={ad} as={as} pd={pd} ps={ps} m={m}

.ends

ASIC fabrication

.subckt cnm25cpoly t b param: w=30u 1=30u m=1

y,ie|d| ! .param cj=4.227E-4* (1+rndgauss(rac/sqrt (m+wx 1)))
) .model cpolylocal ¢ cj={cj} cjsw=0.0
cpip t b cpolylocal w={w} 1={1} m={m}
param .ends
corner
s { } - 4
- LEE EE - -

T
<
%_

g—wﬁﬂ oD AT
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General Matching Rules

» Unitary elements e.g. 1: 2 ratio

&

cy

= Play with multiplicity only

m Same ratio for second order effects also
(e.g. area and perimeter ratio in caps)

m Larger area for the overall array

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells



4. Full-Custom Analog Design Methodology

General Matching Rules |
e.g. 1:1 ratio

» Unitary elements

» Large area devices

&

= Technology local granularity
(e.g. distribution of dopants)

1
m Pelgrom Law o« ——

VWL

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells



4. Full-Custom Analog Design Methodology

General Matching Rules

» Unitary elements

e.g. 1 :1 ratio

» Large area devices

» Minimum distance

= Technology global drifts
(e.g. gate oxide thickness slope)

m Design rule spacing limits

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells



4. Full-Custom Analog Design Methodology

General Matching Rules

» Unitary elements

» Large area devices

» Minimum distance '

» Same orientation

-5
i
-8

= Anisotropic materials
(e.g. wafer crystal lattice orientation)

m Longer routing may be required...

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells



4. Full-Custom Analog Design Methodology

General Matching Rules

e.g. 1:1:1 ratios

» Unitary elements
dummy

/ deVices \
» Large area devices

» Minimum distance

» Same orientation

» Same sorround q

= Inter-device second order effects
(e.g. parasitic RLC)

m Larger area for the overall array

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells
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General Matching Rules
Unitary elements :
interference
source
L devi ‘ G/(thermal drift,
arge area devices radio coupling,
power ripple,
o . mechanical stress)
Minimum distance

Same orientation

Same sorround

Same symmetry q

= Differential circuits (common mode interference)

m Complex floorplan

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells
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General Matching Rules e.g. 2 : 2 ratio

» Unitary elements

Mla M2a

» Large area devices ‘
_______________ common

centroid

» Minimum distance

M2b M1b
» Same orientation
» Same sorround

Mla Mla
» Same symmetry q

M2a M2b

m Compensation of linear gradients
(and non-linear at short distance)

m Longer routing is usually required...

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells
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Common Centroid Arrays

V¥ Difficult to achieve for large and
multiple groups of unitary elements

)
>

Unitary
device

element
(M=1)

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells
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Common Centroid Arrays

V¥ Difficult to achieve for large and
multiple groups of unitary elements

Centroid as a center-of-mass Cy
concept, but with area weights...

each element
area center-of-mass

u / / coordinates Ci| e o
D> A (Ci—Co)=0 Cs
i=1
[ J
centroid - Zi\il A;C; C3
dinat — M
coordinates M 4,

If all elements are of same area:

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells
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Common Centroid Arrays

V¥ Difficult to achieve for large and
multiple groups of unitary elements

Centroid as a center-of-mass Cy
concept, but with area weights... =
each element
area center-of-mass
u / / coordinates C1] o Co B
D> A (Ci—Co)=0 Ch
=1 o
) M
centroid - Zizl A;C; C3
coordinates - M
rdin Zi:1 Az
If all elements are of same area: Center-of-area is the average
of elements positions...
1 M
Co = M; C;

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells
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Common Centroid Arrays

V Difficult to achieve for large and .8

A :B:C: D ratios
multiple groups of unitary elements 8 4 2 2

Centroid as a center-of-mass

concept, but with area weights... A
Nes AL—B
A Centroid-based golden rules: P D A
Al B A B
Coincidence of all centroids C
D A
B/ ™A
C

Not a common centroid arrangement!

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells
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Common Centroid Arrays

V¥ Difficult to achieve for large and
multiple groups of unitary elements

Centroid as a center-of-mass

concept, but with area weights... A
A ab AlL— B
A Centroid-based golden rules: — D A
A B A B
Coincidence of all centroids C
Symmetry for X and Y axes D B A A
C
AlAB C‘D BIAA
AIAIBIDICIBIAA

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells
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Common Centroid Arrays

V Difficult to achieve for large and e.g. A:B:C:D ratios
multiple groups of unitary elements 8 4 2 2
Centroid as a center-of-mass
concept, but with area weights...

A Centroid-based golden rules: ATA

B C.D B|AA
Coincidence of all centroids AIA[BIDICIBIAIA
Symmetry for X and Y axes
Dispersion of groups AIBIAICIAIDIAIB
as uniformly as possible BIAID A‘C AIBIA

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells



4. Full-Custom Analog Design Methodology Sizing Simulation Layout Verification

Common Centroid Arrays

V Difficult to achieve for large and .8
multiple groups of unitary elements

Centroid as a center-of-mass
concept, but with area weights...

Parasitics

DFM

A Centroid-based golden rules:

Coincidence of all centroids

Symmetry for X and Y axes

Dispersion of groups
as uniformly as possible

Compactness of overall array
to ideal square shape

Design of Analog and Mixed Integrated Circuits and Systems

F. Serra Graells

A:B:C:D ratios
8 4 2 2
ABAC‘ADAB
BIAIDIA|{C|A|B|A
AIB/AB
CA‘DA
AD|A|C
BIA|B|A
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PCell-Based Layout

common_{d,g,s}={1,0,0} common_{d,g,s}={0,0,03} common_{d,g,s}={0,0,1}

A Unitary elements
A Regular geometry

A Design rule compliant

2
6
For all nx=4
2

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

W77

e.g. CNM25 NMOSFET
parameterized cell (PCell)

common_{d,g,s}={1,1,0} common_{d,g,s}={0,1,0} common_{d,g,s}={0,1,1}
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4. Full-Custom Analog Design Methodology

Decoupling Guidelines analog

analog weak signal

digital

ground

» Signal integrity between shield

analog, digital, RF...
domains

digital

digital strong signal
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4. Full-Custom Analog Design Methodology

Decoupling Guidelines analog

analog weak signal

digital

ground

» Signal integrity between shield

analog, digital, RF...
domains

digital

digital strong signal

» Avoiding signal coupling
through power rails

g

guard rings
against substrate noise

" comm.

power rail
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4. Full-Custom Analog Design Methodology

Decoupling Guidelines analog

analog weak signal

digital

ground

» Signal integrity between shield

analog, digital, RF...
domains

digital

digital strong signal

» Avoiding signal coupling
through power rails

g

guard rings
against substrate noise

" comm.

» Investing peripheral
free area for on-chip
decoupling capacitors

power rail
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4. Full-Custom Analog Design Methodology Sizing Simulation Layout Verification Parasitics DFM 37/55

OpAmp Layout Examples Let's evaluate other students work....
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4. Full-Custom Analog Design Methodology Sizing Simulation Layout Verification Parasitics DFM 38/55

OpAmp Layout Examples Let's evaluate other students work....

Vin(+)  Vout

{

R R S
- -f -w -m
- -,f- R
@ eI fmr e
o BB R IBLE
O

R (| R |

n
!

n

)|

18

e

L

LA TR T

-
u
I
-
-
L
.
L
I
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4. Full-Custom Analog Design Methodology Verification

Device Sizing

Process and Mismatching Simulation

The Art of Analog Layout

Physical Verification

Parasitics Extraction

DFM Techniques
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4. Full-Custom Analog Design Methodology Sizing Simulation Layout Verification Parasitics DFM 40/55

Geometrical Rules e.g. signal routing

Basic 2D concepts width
extension

e.g. MOSFET gate

spacing

overlap

notch

e.g. MiM capacitor

enclosure /\
\/

e.g. serpentine resistor

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells



4. Full-Custom Analog Design Methodology

Geometrical Rules

Technology rules set

e.g. 2.5um 2P2M CMOS (CNM25)

B—p— 7

Sizing Simulation

VIA

METAL2

POLYO

Layout

DFM

41/55

Verification Parasitics

Design grid is 0.25um x 0.25um

N-well width >= 8um
N-well spacing and notch >= 8um

GASAD width >= 2um

GASAD spacing and notch >= 4um

N-well enclosure of P-plus active >= bum
N-well spacing to N-plus active >= bum

W W WwWNNNDNDNDE~=O
W N PP WD RN~ O

Poly0 width >= 2.5um
Poly0 spacing and notch >= 6um
PolyO spacing to GASAD >= 6um

4.1.a
4.1.b

Polyl width inside GASAD >= 3um
Polyl width outside GASAD >= 2.5um
Polyl spacing and notch >= 3um
GASAD extension of Polyl >= 3um
Polyl extension of GASAD >= 2.5um
Polyl spacing to GASAD >= 1.25um
Poly0 enclosure of Polyl >= 3um

N-plus enclosure of GASAD >= 2.5um

N-plus spacing to P-plus active >= 2.5um

N-plus spacing to Polyl inside P-plus active >= 2um
N-plus extension of Polyl inside N-plus active >= 1.5um
N-plus width >= 2.5um

N-plus spacing and notch >= 2.5um

O© O O WO WNERO O WN

[
o

Exact contact size = 2.5um x 2.5um

Contact spacing >= 3um

GASAD enclosure of Contact >= lum

Polyl enclosure of Contact >= 1.25um

Polyl Contact spacing to GASAD >= 2.5um
Contact spacing to Polyl inside GASAD >= 2um
Poly0 enclosure of Contact >= 4um

Contact spacing to Polyl & Poly0 >= 4um

Metall width >= 2.5um
Metall spacing and notch >= 3um
Metall enclosure of Contact >= 1.25um

Exact via size = 3um x 3um

Via spacing >= 3.5um

Metall enclosure of Via >= 1.25um
Via spacing to Contact >= 2.5um
Via spacing to Polyl >= 2.5um

Design of Analog and Mixed Integrated Circuits and Systems

W N RO WNEFPWN -

Metal2 width >= 3.5um
Metal2 spacing and notch >= 3.5um
Metal2 enclosure of Via >= 1.2bum

S5l © ©oowoood~NNToonoo oo oo ooaldss s S

[y

Exact passivation window size = 100um x 100um

F. Serra Graells




4. Full-Custom Analog Design Methodology Sizing Simulation Layout Verification Parasitics DFM 42 /55

Design grid is 0.25um x 0.25um

N-well width >= 8um

N-well spacing and notch >= 8um

GASAD width >= 2um

GASAD spacing and notch >= 4um

N-well enclosure of P-plus active >= bum

N-well spacing to N-plus active >= bum F\
Poly0 width >= 2.5um

Poly0 spacing and notch >= 6um $K\

Geometrical Rules

Technology rules set

W W WwWNNNDNDNDE~=O
W N PP WD RN~ O

PolyO spacing to GASAD >= 6um

4.1.a | Polyl width inside GASAD >= 3um /
4.1.b | Polyl width outside GASAD >= 2.5um

Polyl spacing and notch >= 3um

GASAD extension of Polyl >= 3um

Polyl extension of GASAD >= 2.5um

Polyl spacing to GASAD >= 1.25um

Poly0 enclosure of Polyl >= 3um

N-plus enclosure of GASAD >= 2.5um S
N-plus spacing to P-plus active >= 2.5um
N-plus spacing to Polyl inside P-plus active >= 2um
N-plus extension of Polyl inside N-plus active >= 1.5um
N-plus width >= 2.5um

N-plus spacing and notch >= 2.5um

Exact contact size = 2.5um x 2.5um

Contact spacing >= 3um

GASAD enclosure of Contact >= lum

Polyl enclosure of Contact >= 1.25um

Polyl Contact spacing to GASAD >= 2.5um
Contact spacing to Polyl inside GASAD >= 2um
Poly0 enclosure of Contact >= 4um

Contact spacing to Polyl & Poly0 >= 4um

Metall width >= 2.5um

Metall spacing and notch >= 3um

Metall enclosure of Contact >= 1.25um

Front end of line (FEOL) A

Process
flow

ar

O© O O WO WNERO O WN

[
o

Back end of line (BEOL) A

Exact via size = 3um x 3um

Via spacing >= 3.5um

Metall enclosure of Via >= 1.25um
Via spacing to Contact >= 2.5um
Via spacing to Polyl >= 2.5um
Metal2 width >= 3.5um

Metal2 spacing and notch >= 3.5um
Metal2 enclosure of Via >= 1.25um

W N RO WNEFPWN -

S5l © ©oowoood~NNToonoo oo oo ooaldss s S

[y

Exact passivation window size = 100um x 100um
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4. Full-Custom Analog Design Methodology Sizing Simulation Layout Verification Parasitics DFM

Design Rule Checker

Programming a rules set...

boolean operations .
\ derived layers

cnm25drc.py

active

active

= gepmGetShapes ("GASAD", "drawing
polygate = geomGetShapes ("POLY1l", "drawipg")
polycap = geomGetShapes ("POLYO0", "drawing")
gate = geomAnd (polygate, active)
cpoly = geomAnd (polygate, polycap)

geomOffGrid (polygate, 0.25, 1, "0.0. Design grid is
geomWidth (gate, 3, "4.l1l.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. Poly0O enclosure...

e.g. 2.5um 2P2M CMOS (CNM25)

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells



p

4. Full-Custom Analog Design Methodology

Design Rule Checker

Using assisted DRC tools

File View Edit Create Verify Floorplan Tools Window

Sizing

Help

Simulation

Layout Verification Parasitics

DFM

v Properties for object POLYGON in cell drc_test view layout

Properties I Polygonl

Delete

Modify |

44 /55

Name I Type I Value

drcWhy string

Glade

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

e @OTFLRER—* 0@ [0l AP LD @>

™ Change all selected objects

< Previousl Next > I Delete

HStarthtoplﬂ HI s A J =

[2le=t% 82200 F 2 3]kl

Apply OK I Cancel

v/

L_

v Run DRC Library Browser

File View Edit

DRC rules file | Jcnm25drc.py| I

OK I Cancel L

%

Libraries

- OpAmpLib
template

Help |

edit_test
drc_test
cnm25modp_m
cnm25modn_m
cnm25cpoly_m

&

-E-5

Hierachy Browser

CellView |
drc_test

Hierachy Browser | Net Browser |

OpAmpLib drc_test layout

5.X. Checking N-plus...
6.X. Checking contact...
7.X. Checking Metall...
8.X. Checking Via...

9.X. Checking Metal2...
10.X. Checking Pad...

** Total error count = 110

Report on total DRC
error count

e.g. glade
and CNM25

Message Window & X

Design of Analog and Mixed Integrated Circuits and Systems

o |

v View DRC errors

Lsw

\[PoL¥o [dwg]

POLY1

BNPLUS [dwg]

METAL

] ] o]

& X

£

£

L2051 NTUB : 2.3. N-well enclosure of P-plus active >= 5um
NTUB L2050 : 2.4. N-well spacing to N-plus active (different net) >= 5um
POLY1 GASAD : 4.3. GASAD extension of Polyl >= 3um
METAL : 7.2. Metall spacing (different net) >= 3um
METAL :7.1. Metall width >= 2.5um
WINDOW GASAD : 6.3. GASAD enclosure of Contact >= 1um
GASAD NPLUS : 5.1. N-plus enclosure of GASAD >= 2.5um
POLY1 : notch < 3.000
VIA POLY1 : 8.5. Via spacing to Poly1 (different net) >= 2.5um
WINDOW : 6.1. Exact contact size = 2.5um x 2.5um
6.0. Contact requires Metall
CAPS : 10.1. Exact passivation size = 100um x 100um
NPLUS : 5.3. N-plus spacing to Polyl inside P-plus active (same net) >= 2um
WINDOW POLY1 : 6.4. Polyl enclosure of Contact >= 1.25um
0.0. Design grid is 0.25um x 0.25um
VIA WINDOW : 8.4. Via spacing to contact (different net) >= 2.5um
WINDOW POLYO : 6.9. Poly0 enclosure of Contact >= 4um
WINDOW METAL : 7.3. Metall enclosure of Contact >= 1.25um
GASAD POLY1 : 4.4. Polyl extension of GASAD >= 2.5um
: 4.1.a. Polyl width inside GASAD >= 3um
GASAD : 2.2. GASAD spacing (same net) >= 4um
WINDOW : 6.10. Contact spacing to Polyl & PolyO (different net) >= 4um
NPLUS L2051 : 5.2. N-plus spacing to P-plus active (same net) >= 2.5um

+ A1 h Pahel width nutcida GASAN ~— 2 Sum

Help |

F. Serra Graells

I}

| gsssaaaaa

Next
Prev

Delete Marker

F4{METAZ Jpin |

)

FEEEE R

net

Viewed
3 =
Remaining
=l]2 727500

OK I Cancel

D




4. Full-Custom Analog Design Methodology Parasitics

Device Sizing

Process and Mismatching Simulation

The Art of Analog Layout

Physical Verification

Parasitics Extraction

DFM Techniques
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4. Full-Custom Analog Design Methodology Sizing Simulation Layout Verification Parasitics DFIM 46 /55

Motivation e
. 0.80] iy 0.500
Planar technology parasitics
_ 0.90 I I 0.60]
(2D layout view)
05 0-95 I I 0.600
| ||
13.5p
pl2/0) 040
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4. Full-Custom Analog Design Methodology Parasitics

Motivation

» Planar technology parasitics

(2D layout view) (2D cross section view)

E

Rshunt
135p Cfrz'nge _ __ overlap
pl2/0]
o—¢ ——O

Csidewall
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4. Full-Custom Analog Design Methodology Sizing Simulation Layout Verification Parasitics DFIM 48 /55

Motivation
Planar technology parasitics ¥ R and L require node splitting!
(2D layout view) (2D cross section view)
E
0.5
| H
o k3
Rshunt ? Kcoup
I~ =
135p Cfringe _ _ overlap Lshunt Lshunt

Csidewall
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4. Full-Custom Analog Design Methodology Sizing Simulation Layout Verification Parasitics DFIM 49 /55

Extraction Tools

Programming a simple
rules set for parasitic cnm25xtr.py
overlap capacitance only...

geomLabel (polygate, "POLY1", "pin", 1)

geomLabel (polygate, "POLY1l", "net", O0)

geomConnect ([
[cont, ndiff, pdiff, polygate, polycap, metall],
[vial2, metall, metal2]... ] )

extractMOS ("cnm25modn", ngate, polygate, ndiff, pwell)

extractParasitic3 (pdiff, metal2, cmetal2diff, O,
[metall, polygate, polycapl])

e.g. 2.5um 2P2M CMOS (CNM25)

METAL?2 — Vi —
3660 2600nm 1300 2600
METAL ¥
1300 1300
POLYO POLY1
1060 Si0, | 2360 1060
N/
sub Si

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells



4. Full-Custom Analog Design Methodology

Extraction Tools

Programming a simple
rules set for parasitic

Sizing Simulation Layout

r
Run Extraction

Extraction rules file | ./cnm25xtr_lvs.py| _]

I Multithreaded? ~ Max number of threads E

oK I gancelL

Help |

File View Edit Create Verify Floorplan Tools Window Help

Verification

Glade

Parasitics DFM 50/55

[~ Properties for object INST in cell example view extracted

Add Modify Delete

Properties | Inst |

Name Type Value

plist string 110,01.13000,01,[3000,45001,0,45001]
type string

w float 12

I float 6

as float 78

ps float 37

ad float 66

pd float 35

overlap capacitance only...

Using assisted
extraction tools...

opamp_par.sub

.SUBCKT opamp vinn vinp vout wvdd vss ibias

MMO vdd ibias vdd vdd cnm25modp w=1.2e-05 1=6e-06 as=...

MM1
CcO
MM8
Cp1
CP2

CP3
Cp4

vdd ibias vout vdd cnm25modp w=1l.2e-05 1l=6e-06 as=...

vinter vout cnm25cpoly w=6.42928e-05 1=0.000156207

vout ibias vdd vdd cnm25modp w=1l.2e-05 1l=6e-06 as=...

C=3.8582e-13
vout ibias C=3.33692e-15
vinp vss C=1.85938e-15

vout vcomm C=2.0918e-15

vinter vss

.ENDS

Design of Analog and Mixed Integrated Circuits and Systems

OO DL R~ @ [0l AP P D[P AR o

”startmstoplﬂ “J =

= [gle=t $ 20 0[IHS >

Delete apply |

ok |[Gneal |

ﬂ H I. P <Previous |  Next >

“
Library Browser & X
File View Edit

Libraries / |
[=- OpAmpLib
template
path_test
£ example
layout

nm25cpoly_m
cnm25cpoly

Net Browser & X

CellView /
- example
-~ ibias
vcomm
- vdd
vinn

b vinE
+-vload
vout

o VSS

Hierachy Browser

Net Browser

>>> # INFO: Opened cell example view ex
>>> ** Total device count = 18
# INFO: LPE run completed.

&

>>> example contai S

=

OpAmpLib example layout

EE A NN EEND

L
"

%

PR

wmnEY

% n

%

BEBB
HEBBEAR

%
¥

%%

"N

SN NN N NN RN NN NN
BN N RN RN NNNNNX N

OpAmpLib example extracted

Lsw
Edit Display

| ] 2]

g X

%]

EE BB AR R

VA

ETAL2 [net |
B4 PWELL [dwg
Myo  [dwg]

o

HRE NS AN NNNSNNNNREES
ARSI NN NSNS NN NNR NN

tracted

Message & )<|

e.g. glade
and CNM25

Properties Net I Polygon |

v Properties for object POLYGON in cell example view extracted

Ll

Net Name I vinter

0.0000 Y:29.5000 4

Pin Name(s) I

Pin Direction |INOUT

NonDefault Rule I

I~ Special Net
Pin shapes IO
Inst pins Ilo—
Net Use [SIGNAL 'I

F. Serra Graells

Inst Name |Ce|| Name Pin Name |Specia|? |
€Ot CNM25€poly$[[3001,80011,[1,... B false
M10 cnm25modp$[[12000,6000L[... D false
M2 cnm25modn$[[12000,12000].... B false




4. Full-Custom Analog Design Methodology

Device Sizing

Process and Mismatching Simulation

The Art of Analog Layout

Physical Verification

Parasitics Extraction

| DFM Techniques
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4. Full-Custom Analog Design Methodology

Going Into Production

non-uniform
layer area =
etching
issues

» From few IC prototypes to
small and medium series

» Design for manufacturing (DFM) ' ]

layout rules to increase E—
manufacturing yield . I I
» Some examples: ]

m Dummy filling
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4. Full-Custom Analog Design Methodology Sizing Simulation Layout Verification Parasitics

Going Into Production

Design of Analog and Mixed Integrated Circuits and Systems

| | non-uniform
From few IC prototypes to | | 'aftrciriffg:
small and medium series issLes
: : | |
Design for manufacturing (DFM) | |
layout rules to increase | |
manufacturing yield H H
Some examples: |
| |
m Dummy filling
[ | floating
[ | dummy
V) OO00000000000 |  structures
f DDDDDDDDDDDD -
| | DOooOoE—
I D o
[ O O I
\] O ooo _
[ ninlin automatic
OO0000O0 filling for
Using few shapes also simplifies O | . OOoo a target
optical proximity correction (OPC) | | % coverage

F. Serra Graells




4. Full-Custom Analog Design Methodology

Going Into Production

charge stored during metal patterning
can break thin gate oxide:

From few |C prototypes to
small and medium series

Design for manufacturing (DFM)
layout rules to increase
manufacturing yield

Some examples:

m Dummy filling

m Antenna reduction

. < max
oxide Agate

q ‘ discharging
path

meta|2 ﬁ/

metall 4 L

polySi —
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4. Full-Custom Analog Design Methodology

Going Into Production

large
metal area =
mechanical
stress issues

» From few IC prototypes to
small and medium series

» Design for manufacturing (DFM)
layout rules to increase
manufacturing yield

» Some examples:

m Dummy filling
m Antenna reduction

m Metal slotting lief
stress-relie

m Multiple contacts holes

m Extra guard rings

Design of Analog and Mixed Integrated Circuits and Systems  F. Serra Graells



