Cadence + AMS-Hitkit

Tutorial for creation of an inverter cell from schematic to layout with CADENCE
using AMS-Hitkit and hints for multi-input gates

Using the Linux (CentOS) environment
Starting CADENCE with AMS-Hitkit
Creating a new library
Schematic entry
Creating a symbol and a testbench
Spice-Simulation using ADE XL
* Analyses selection and setup
* Using global variables
* Parametric simulation
7. Starting Layout XL
* Generate layout from schematic
 The layer window
* Wires, vias/contacts, wells
8. Design rule check
9. Layout versus schematic check (LVS)
10. Parasitic extraction (QRC)
11. Simulation of the extracted model (Post-layout simulation)
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Some UNIX-commands

We use CentOS-Linux (Free version "Community Enterprise 0S" of RedHat), because Cadence supports RedHat or Suse.
We use the KornShell (ksh), because it is the standard shell at ITMZ Uni Rostock.

pwd

Is, Is —alsi, Is dir

cd -> cd /~/ske -> cd ./ske

mkdir newdir

cp,cp -r,cp-p

mv

chmod, chmod —R chmod 744 file
grep

use of | for pipeline -> |s | grep pattern
rm, rm—r

rmdir

cat file

man cmd

history, h

r 100

Move icon to desktop for easy use

To save windows images (.png) : Alt-Print

print working directory

Our client computers use the "supported" CentOS 7,
binary compatible to RedHat 7.5

list
change directory
make directory

copy files/directories (recursive, preserve attributes)

move or rename directories

change file mode bits (security) -> -R recursive
filter for pattern

use command output as input for next command
remove/delete

remove directory

show file at standard output

show manual of cmd

show command history

run command number 100 from history

o File gdit[ Igo Bookmarks Tabs Help
e | Places  system S &
9 Accessories > Reload Ctri+R
% Graphics > =#| | < | ¥ Main Toolbar
[+ side Pane F9
@ Internet > Places™~ | | ocation Bar [
iy sound & Video > | ¥ Statusbar !
(%) CD/DVD Creator Desktop  peset View to Defaults ]
= ] File Sysf l:
&.) Disk Usage Analyzer TEretwork,
= pisk Utility (@) Centos | Visible Columns... 4
o & Trash Zoom In Ctri++
|&)| File Browser chirp1 Zoom Out Ctri+- |
|EZE System Monitor Normal Size Ctri+0 |
Terininal O lcons ctri+1 |
@ List ctri+2 |
) Compact Ctr‘l-_i—j__;
Or Right-Mouse on Background and select "Open Terminal"
Unix-command to remove Cadence lock files (Close all Cadence programs before!) : find ~/ -name "*.cdslck" -exec rm {} \;
IGS / Uni-Rostock 2

17.12.2018




AMS-HitKit

- Start

= Starting Cadence Design Framework with Libraries, Rules, Scripts provided for AMS-technology

File Edit View f_:earcﬁ

kirchner@katerCent05S6:
kirchner@katerCent05S6:
Shome/kirchner

Terminal

Terminal

cd
pwd

Help

First start !

Later use "ams_cds"
(or "ams_cds &" to re

simply!
olease the terminal for further use)

Select Process Option

Pleade select the exact process optlon wou are going to use in the current project.

THis will enable a process option specific DRC and LYS check.

FIF
FIF WGS HIRES

PIP WG5S HIRES THICKR IR

PIP HIRES hdlkd
FIF %G5 ARC
PIP WiGES THICKR

irchner@KaterCen mkdir myproject

kirchner@KaterCent05S6:§ cd myproject /
kirchner@KaterCent0S6:}| ams cds -newtech c35b4 &

[1] 6647

kirchner@katerCent056:

Creating a new .cdsinit file... L
Creating a new cds.lib file

Creating a new .simrc file...

Creating a new assura tech.lib file

Creating a new Calibre cellmap file ,
Creating a new streamout template file SiEict Plinisess Bl
mv: cannot move *./.cadence/dfII/layerSets/cade _ C3SE4CH
/cadence.signature.xml’': Permission denigd

Creating a new layerSets directory _l EEEE
Creating a new jobpolicy directory — C35B4M3
Creating a new .cdsinit local files.. . C35B4ME
Creating Hierarchy Editor templates...

[1] 6724 w C35B4M
virtuoso : HIT-Kit=ams 4.16 tech=c35b4 ~ [C35B4TH
kirchner@KaterCent0S6: | ——

Do not use your homedir!
Create a separate project directory!

PIP Wi&ES RPZ

PIP: polyl-poly2-capacitor

VG5: 5V-Gates

HRES: High resistive poly

4 Metal Layers (MET4 normal thickness)

<« Hide Available Devices A

ESD Devices: Hide n

Make your favourite directory structure
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\
cpoly cpolyc cpolyrf Ccvar lat2 rmoslEt rumos 30m
rimosd rmoshd b= i Tt rmostE rmrd padywdd
padvss pfuse prosd P smd pmosTE rdiffni 1
rnwell rpolyl rpolyl) rpolyl rpolyic rpolyiph 2phe
rpolyicf rpolyh rpolvh rpolvhef subdiode wertlO 4 i
zd2smid

E

You may use one single directory for different designs.

Zancel Spply Help
Basic elements, available in this t?y{nology
Show additional elements for ES
ElectroStatic Discharge
IGS / Uni-Rostock 3




AMS-HitKit - Start o emena ______ioix
amun

hitkit

Analog/Mixed-Signal Process Design Kit

] What!s New in IC6.1.6 Overview (=l [@] ]
ams_4.10ISR15 170801 C35/H35/S35
He'p C 5 d ence copyright (¢) 2017 ams AG. All rights reserved. ams AG entiies the lcensee only to deveiop ASICs which
- ::L:sz;uiu:zfe:‘:::‘lmnsﬂr Usage of the hitkit is imited to terms and conditions defined in the
[l Save as . e, —————
Search ... Rutherford Appleton Laboratory
Print ... These tools and technical support are provided by:
—————————————————————————————————————————————————— Microelectronics Support Centre
Eefrash 0 PP
l Clase and Do Mat Shaow .ﬁ.gainl icant new features and changes in the ICE. 1.6 Science and Technology Facilities Council
Rutherford Appleton Laboratory
Close providers of
of extended 1nformation on What's Mew in this release, select "Help - ./9
What's New - In this Release" in the CIW Window.
EUROPRACTICE

DESIGN TOOLS

Would stay open as long as ams_cds is running

Windows open for some seconds after ams_cds start

Command Interpreter Window - CIW Messages

Eile Tools Qptions  hitkit  1CD-Tool$® Help cadence
Calibre Funset File for PERC created: .calibrePec®fimset 'y
Loading simulator default settings. =
| -
- \ IS L
nmouse L: b F:
1 | hitkit: amz_4.10 Tech: c35bdc3 I kirchner IJ

Command Inputs

17.12.2018 IGS / Uni-Rostock 4



AMS-HitKit - A new library

Command Interpreter Window - CIW

Itis possible to create the library using the Llbrary Manager instead of CIW as well. The flow will differ (windows sequence).

\r—_ﬁe Tools Options  hitkit  1CD-Tools Help

Library Manager created library "test”

INFO (TECH-180011): Design library 'test' successfully attached to technology library 'TECH_G35Ed .

A

I_ll"'

limouse L:

1 | hitkit: ams_4.10 Tech: cdsh4cd User: kirchner

File -> New -> Library

important step!

If we skip this step, we will not
see any elements for layout
later

Select

Choose a name for your library! "Attach to an existing technology library" -> OK

(You may use one library for different designs.)

17.12.2018
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Library Technology File 2 : Dre 0 Te olog 1

MName test . Compile an ASCIl technology file Mew Likrary test

D'recturg.r{numgrarydirecmries) .+ Reference existing technology libraries -
& Attachto an existing technology libra Technology Likrary LEADFRAMES
' Donot need process information — _
Design Manager analogLib
M i basic h‘ v

o design manager setup found 3
/home/k irchner ,\ske_zm?
__ Compression enapled LCancel | Apply L Help
&P o Defaults Apply || Help We use the 4 metal layer technology here.

Do not press OK before you\have selected the TECH-library!

Quit with OK!



AMS-HitKit

Command Interpreter Window CIW

- A new cellview

(You can do this in the Library Manager as well)

[SFile Tools Options  hitkt 1CD-Tools  Help cadence
Library Manager created library "test" A
INFO (TECH-180011): Design library 'test' successfully attached to technology library 'TECH G3SE4'. =

Iifause L: hl:

-

1| hitkit: ams_4.10 Tech: c3shdcd User kirchner

]

File -> New -> Cellview

fm T New File

File
- | Library > (test -
Your new library ——— =
Cell [1nverter l
WView schemat ic

Tame » | Schematic n
YFE »
Application
Schematics L n

— Always use this application for this type of file

Start with schematic view

Open with

Library pathfile

Depends on your project path \

I fhome/kirchner /fske_2817/cds.lib

m\

Quit with OK !

Cancel Help |

7 N

Choose a cell name, check "schematic" as cellview -> OK
Best choice for names/identifiers: use letters, numbers, underscore only
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=

cadence

Wi Library.

Cell View...

CtrieR

Caegory.. |

Open With...

View

Load Defauts...

Save Defaults.

Open Shell Window..  Ctri+p

Exit Ctrivx

L
sdilip

std

synopsys

vital memory =

Messages

Log file is "Thomeitfa011/ske2017test/libManager.log”

[ @

Lib: test [Free: 25.27T ¢



‘é' Applications Places System % @

Normally the background is black, you may (but you should not for normal work)
change to white by modifying an entry in your ~/Xdefaults file:
I0pus.editorBackground: #000000 - > Opus.editorBackground:

AMS-HitKit Schematic Editor is open

Wed Oct 14, 16:23

2] Virtuoso® Schematic Editor XL Editing: test inverter schematic

SIEIE

@ =

Terminal

Launch File Edit Yiew Create Check Options Migrate Window HIT-KIT Utilities  Help cadence

JUb @k Omx O o ¢ de-7 rIRAEBLLESE
IH‘Q Q-0 ulmWorkspace Constraints n% le% :“ ’L% Ry Ty ‘ l%lm’q'—‘ ,lm

HIFFff

For printing it is sometimes interesting to have a
white background but not all the design colours
match white background. ‘ ‘

* When you have some content it'is possible
to create images with white background
using "File -> Export Image". There opens a form where you can
change the background colour. Try it!

limouse L: schiingleSelectPl)
1(4) | HIT-Kit: ams_4.10 Tech: c35hdcd User: kirchner

M: ddsOpenLibhanager)) R: schHibousePopUpg

| cmet: S8l 0

Virtuoso® 6.1.5-64b - Log: /home/kirchner/CDS.log

File Tools Options  HIT-Kit Utilities  Help

Loading leTaolbow. ont.
Loading hem. cxt
Loading 1x cxt
Loading loe. oxt

limouse L: schiingleSelectPl) M: ddsOpenLibManagerf R: schHiMousePopUp

1| HIT-Kit: ams_4.10 Tech: c3Shded User: kirchner I

B v @i [E - | @ 2

Try to have a fixed arrangement for open windows (Terminal, CIW ..)

File Edit View Search
kirchner@KaterCent0S6:
kirchner@KaterCent0S6:
/home/kirchner
kirchner@KaterCent0S6:
kirchner@KaterCent0S6:
kirchner@KaterCent0S6:
[1] 6647
kirchner@KaterCent0S6:
Creating a new .cdsinit file...

Creating a new cds.lib file

Creating a new .simrc file...

Creating a new assura_tech.lib file

Creating a new Calibre cellmap file

Creating a new streamout template file

mv: cannot move °./.cadence/dfII/layerSets/cadence.signature.xml® to "./.cadence
/cadence.signature.xml’: Permission denied

Creating a new layerSets directory

Creating a new jobpolicy directory

Creating a new .cdsinit local file...

Creating Hierarchy Editor templates...

[1] 6724

virtuoso : HIT-Kit=ams 4.10 tech=c35b4

kirchnergkaterCent0s6: ||

[

Hle Edit View DesignManager Help

Terminal Help

mkdir myproject
cd myproject
ams_cds -newtech c35b4 &

a
a
a
a

Library Manager: WorkArea: fhomejkirchner/ske 2017
cadence

__ Show Categories __ Show Files

Library Cell View

test inverter schematic

ieee
ncinternal kirchner @KaterCentOS
ncmodels
ncutils
shalib
sdilib

std

SYNopsys
IvilaLm emory

Messages

Logfile is "home/kirchner/ske_2017/libManager.log".

Lib: test |Free: 27.15T 4
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Launch FEile Edit

oo ®

Miew Create Check Options

Schematic entry - Components

dito

0

bigrate  Window hitkit Help

5

=T EAM{ WX 0 TDE s ¢ T v IR A R % ]

1S~ '//
O~ O G
L

[worspase: e FEIEEE L L G

Browse

m|
Library  Rammig
Cell rmosd

Wigw symbol

Mames

Open Library Browser

Create -> Instance ¥ Add Wire Stubs at
(hOtkey Ilill) _ all terminals @ reqistered terminals only
. Atray Rowis 1 Calumns 1
'I N‘IN@i
R 472 Rotate Ab Sideways = Upside Down
PRIMLIB contains all the =
Wtot=.1[£’]u . ..
=350 available elements (primitives).
1 kAodel name madn W
r Witith 100 %
3 1| width Stripe Qww 7 I
Length 0350 K 4/
~ ategories
Lib ca Cell Vi Mumhber of Gates 1 e— F
2o e
[ ry MOS transistor shape narmal n / nger
FRIMLIE g sfets nmos4 symbol Number of bends T
A_CELLS = Everything View ~ | Lock | — -
BORDERS = Uncategarized nmosd ads op tantac —
CORELIR Bipolars pmosd auCdl Bottom Contact ~
CORELIBD ; pmosmd eldn
CORELIBD_3B Capacitors i Jnin Gates (e -
IE compact
CORELIE_GE hsim Join all drains ~ 4—/7 p
CORELIE_YS = hsimD /
CORELIB_YS_3E - Join all saurces T
E—— hspice
lnmouse L: ESDLIB hspiceD Guard Bar Left G Diff & Cont @ None
e GATES - 5 H
415y | hitkit: | || Gares am hspices Guard Bar Top O Dift O Cont ® Mons | Guard rings sorrounding
| {/OLIBCYS_3B_4 ParasDey spectre Guard Bar Right B~ @ 0 trnsistors in analog circuits
I IOLIBC_3E_4h . ot spectres = P B e Hons
TN rocessUptions Guard Bar Bottam i
Cells IOLIBC_ANA_3E_4M : . C DIt & Cont @ None
OLIEVE 4h Resistors Syimbol o | Substrate contact
IOLIB_3E_4 ton't_use substrale Contact ~ <« | inlayout(not used here)
ICOLIB_dhd - = layout_only Drain diffusion area 1. 1e-11
ICLIE_AMA_SB_4k A
IOLIE_aMa_an Source diffugion area 1.1e-11 .
LEADFRAMES Drain o periphery (127 Instance properties
e
PacChPEGES Source diffusion periphery 12.2u X may be cha nged
m Drain diffusion res squares 0.08
PRIKAI IRRF

NMOS,PMOS : Thin oxide 7 nm (V;s< 3.6 V)
NMOSM,PMOSM: Mid oxide 15 nm (Vg < 5.5V)

‘ Close Filters... Display... _He|
17.12.2018 IGS / Uni-Rostock

Source diffusion res sguares  0.06

Yersion

Drain diffusion length
Source diffusion length
IStoplist

ivCellType

develop - o35

layout

graphic

€ cancel

Defaults || Help
\Leraults j Help

in layout-process
later




MOSFET: Threshold Voltage

GND * Vi (s) Vps (GND)
O gato= L In 22et
—~ Sio, F gate™ 7, n;
+ Qi Remember that the gate is
: i POIy SI. - used as the mask for the
Si0, @ S Si0; doping process making source and drain
self alignment
o th e \ o ( g )
kT N Asubstr
n ) =V = ——In——
p-Bubstrate F substr = Tfp e n;

\

narrow depletion in heavely doped gate

effective gate thickness increases

—Vsp
flatband voltage
kT NDpoly kT NASubstr kT NDpoly ) NASubstr
Vip = (Vg = Vox) + (Vox + Vyp) =V —Vpp =—1In +—In =—In
e n; e n; e n;
Voltage necessary to achieve channel inversion

inversion voltage

7 J—

Cox X

Voltage over gate oxide (observe that th

2x the potential in the depletion area
(from p-conduction to zero to n-conduction)

@
«— contact voltage(s))
2pr - Vcontact

e charge quantity on gate is equal to bulk Q4 = —Qp)

K.-P. Kirchner, Uni Rostock, Institut GS



MOSFET: Threshold Voltage

inversion voltage

Compare with pn-junction, but here one side

Q’ Q’ contact voltage(s) weakly doped: u; < 2-300mV

— b~ XSS

Vrw = L5V |- Voa”
(0):¢ \

voltage over gate oxide
charge on gate = - charge on substrate

t Charge per area in
channel volume element

, 2€Si . |VG vfbl .
Qpo = eNyty = eNy o N 2eNyeg; - |—2 Vfb| without bulk voltage
* VA
Thickness of depletion 26|V — vfb| Ve = —vrp
area -> pn junction tg = T eN,
285' . VS Vrp .
Q, = eNyDy; = eNy : | ! | \/ZeNAgSl |—2v; + Vgl with bulk voltage

e'NA

Qp —Qss _ Qno — Qss  Qpo — Cp

; - ; - ;

made to define a fixed part and a Vsz-dependent part

00X 0X 0X
Qho=Q5s _ Qbo—Qb Qho—Q%s , v/2eNatsi \/ \/
Vog = —2Vpp - Vo + =2V, - V. + + —2ven + Vep| — [|-2v
TH fb ~ COX C(’)X b c COX COX < | fb SB | | fb |

K.-P. Kirchner, Uni Rostock, Institut GS



contact voltage

VTH = _vab - +

Qss
Cox

VTH = _Zpr c

MOSFET: Threshold Voltage

~2pp Qpo — charge per (top) area under
surface potential gate oxide in length AL
[ZeN z2s: Qss—charge stacked at surface
l

y — body effect parameterr

Q
+c:;+@(J|—2vfp Vsl = I~z

Q
Vry = 2 ﬂ,+(JQ,”0 +y<J|—2vfp+ Vss| —\/|—2vfp|>
OX (0):¢

Vrg- Flat Band Voltage /\/ZeNASSi-|—2 Vep|

Vry depends on:

Qb

substrate doping Qj,, (used for adjustment)

0 steep retrograde doping (light at surface, strong in body)
}"‘ )4 <\/|_2v fpt VSB| \/| 2vfp|> thin channel, less dependent on V)

Ve = Vs = Vo +

oxide thickness (some nm, 2..20)

/_\ substrate voltage (consider transistor location
in circuit relative to GND/VCC)

y( |—2vfp + Vsp | — |—2Ufp|> gate material (metal,.n+-Si, p.+-Si) |
surface charge density Qs¢(Si, Na —ions)




MOSFET: Control Equation

We do not know the profile of the channel in advance

GND T VGS VDS but we can evaluate the conditions in a small volume
| Si0, / _
Q' () = Cox(Vgs — V() — Vi)
Poly-S| / Charge of gate capacitor per area Ay - W
Sio, — Si0,
+ hﬁ + 1
n n Prenn 2.
n u
c
Charge in volume Ay - W - t,
p-Substrate

_p__ 1
R I C))
1 d
AR = ———— . =2
/ 1, Q (3’) w
Ip g

dV(y) =1p-dR = -d
(y) D W - uan(y) y

Ip-dy =W - p, - C(,)X(VGS - V(@) —Vp)dV(y)

dy Ip-dy =W KB - (Vs —V(y) —Ven)dV(y)

17.12.2018 IGS / Uni-Rostock 12
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MOSFET: Control Equation, non pinched off

Ip-dy =W -KP, - (Vs = V(y) — Vi) -dV(y)

Vps

L
I j dy =W - KP, j (Vas = Vin — V) - V()
0

: /

2
VDS

—Vsp

IGS / Uni-Rostock
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MOSFET: Control Equation, pinched off

W V2
Ip = T ‘KP, [(VGS - Vth)VDS - %S

Pinch off when: Ves — Vin < Vps

—Vsp

17.12.2018 IGS / Uni-Rostock 14



MOSFET: Control Equation, pinched off

Channel-length modulation

B
Ip = E (Vs — Vth)2 -

é . (VGS — Vth)z [1+A- (VDS - VDSsat)]

Ip 4 NPO . PO

Vas

Charge carriers moved by VDSsat Vps
electric field through substrate

L
—Vsp

17.12.2018 IGS / Uni-Rostock 15



u 3
a [
. |
CMOS Inverter Calculation .
PMOS iniNP v
VDD ) X “ £ :
There is the same current flowing through both . 2
transistors.Beide. For ideal switching point is “Bothlinked
Vv 1. Tt S
:}—O { Vin = Vesn = Vsep = Vour = Vpsn = Vspp = %- = - Pt 1 e
Vou Because of |Vpg| > |Vsg — V| both transistors 5 e 7|17:
are in the pinch-off state and we can assume: A AR NOS iR NP
5 \
! RE
ﬁn 2 Bp 2 “= ] I e \\\
(VlnSP Vthn) (VDD lnSP Vthp) ¢ © 4 Uual) ?-:.aau s 3.au—n.‘3'a[l1j * ueval um‘u;;—n.su ueuallel-.“ﬂl .+ 3.30 e
VinSP
Vinn = 0.5V, KPN = 170 I‘j—‘z‘
_ _ o M : _Vbp . PBn
Vinp = 0.65V, KPP =58 -5 For desired Vj,,sp = -, we calculate the relation ==
p
% 2
Dissolving for Vi,sp: B, % — Vinp
— By \ Voo U
f — UYUth
Bn(VinSP Vthn) - IBp (VDD mSP Vthp) w 2 "
ﬁ = KP - T
using: KPN = 3 - KPP
B
B_n “Vinn + Voo — Vinp W v 2
p DD _ V. 1
w Vbp 3
1+ | [ ] 2~ Venn

IBp for [Vpp| > |Vthp — Vinn




Inverter schematic

tranistors from library "PRIMLIB"
(also Design-R,C,L)

NMOS,PMOS : Thin oxide 7 nm (V5s< 3.6 V) -
NMOSM,PMOSM: Mid oxide 15 nm (Vg < 5.5V) -

no substrate contact for
the transistors in logic

>

F3 show option window
u undo

U redo

e descend & read

E descend & edit

CTRL-e return

DEL delete

wdd

vdd, gnd etc. from library "analogLib/zlobals"

. gnd .
For ground ports use names including "gnd".
(Some scripts (ERC) need this naming convention.)

File -> Check and Save (shft-x)

17.12.2018

IGS /

Uni-Rostock

'I]-th'

‘For power ports use names including "vdd" or "vcc"

i create instance

w create wire

M move

m stretch (im Layout "S" 1)
C copy

q object properties

Form: name,

direction .. NG P add pin
| I add wire name (label)
X check current cellview
f fit
] zoom in
[ zoom out
| Avoid crossover dots.
] Warnings! May be deselected

Check-> Rules-> Physical

17



Schematic Editor: Filter

Schematic editor has a filter function for selectable objects!
Changing accidentally may prohibit selection!

toggle
"wire_selectable"

create wire

B Virtuoso® Sc¢her

Launch File Edit Miewy Create Check Options Window  hitkit Help

o = @ |l i ¥ O T2 0 9 ¢ dr“ﬁ"l/"r' 11X K & & |||:'E{ 1 :

19~ Q ~ || Basic D= & | E&M@h | o B

| Mavigator 7.8 X|
Y Default M. - Schematic lSelection Filter E
Q H M Area Partial Selection
Mame al
= inverter Schematic Objects ¥ all _ none
- @) MNO (nmosd) ¥ wire ¥ pi ¥ inst ¥ note sh
I v » pin # instance & note shape
—(Z) MPO (prmos4) Standard _ _
i’""'vj PIND (ipin) » wire name @ pin name # marker @ note text
() PINT (opin) » flight » label
1. out Instance Ohjects (for point selection anly)
4% inP_ 0 _ name » pin _ pin name _ label
----- 4w outP_ 1
m _ Cancel ;| Defaults | Apply | Help

17.12.2018 IGS / Uni-Rostock 18



Launch File Edit view |[EEECY Check Options Window hitkit Help

Inverter Symbol from Schematic

Symbol needed to use our design in higher levels of
hierarchy.

=
[ER=N" =L s

L. Wire tarrow)

W

Shifts W

¢ £2-1T 7
ARSI

o0 o

L wire fwide)

Y Default B
Q B

A
i Z
Havipaior B o yira ame L

Wire Stubs and Names  Space
Net Expression

Name
| inverter

@) MO [mos4)
G MPO (prios4)

- Pin

Block.

M Schematic,

() PIND fipiny P — T
#-(@) PINY (apin) - From Cellview
andl ‘Solder Dot

i Mote L | From Em List
L out Pateheord From Instance.
L v Pigbe ,
L@ inP_u
Bl MultiSheet

- Create Cellview -> From Cellview -> OK

Standard: rectangle

First Example is the insertion of the design in a testbench.

Virtuoso® Symbol Editor L Editing: test inverter symbol

Launch File Edit Wiew Creale Check Options Window Help

Jo B e ek O @ %X @ T

e T T IR K & ®

U2 = 0~ O 5 [wersspace pase: B @ 1%

aBc
ahe

T EY PN

Havigator 78 %

¥ Default B.
Q B-
Mame =

= inverter

L ino
et s
[__Property Editor Z

@]

in@

Sle

[@partNamel

outd

.

-

Library Mame

Browse

Cell Mame

schematic B

From Wiew MName

To View Mame

symbol

schematicSymbal B

Tool & Data Type

Dizplay Cellwiew
Edit Options

Cancel

Defaults Apply Help

.
T K

optional

Exclude Inherited Connection Ping

Library Mame Cell Mame Wieny Mame
inverter symhol
Fin Specifications Aftributes
Left Pins in \ﬁ}
Right Fins ot \ﬂ}
Top Ping \ﬂ}
Eottom Ping \ﬂ}

& Mane Al Only these:

Load/Save _ Edit Aftributes

Edit Labels

m Cancel

Edit Properties _

Apply Help

17.12.2018
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J LuSEL : R
Lt

7(8) | Click a property to edit gt set 0 |

One may change shapes:
outline (green), selection frame (red)
use: stretch, delete,move,create polygon

Virtuoso® Symbol Editor L Editing: test inverter symbol

cadence
¥ IR Q&R
- Q 4 @

Launch File Edit View Create Check Options “indow Help

U |® 0 mX 0T @
Lmu - U - \=) ;_.,-J"kaspace Easic BEH le%

ABC

abc > ”
A

in@ - [@partNamel out

nmause L: mousesingleSelectPt) M schZoomFitil.0 0.9) R: schHitousePapUp

T(E) | hitkit: ams_4.10 Tech: c3Shdcd User: kirchner | Crmd: Sel: 0 I
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Inverter Schematic for Simulation -> Testbench

= NewFile ] | Sl
File — Libirary test) Browse
Lib o5 . . .
RIE In CIW (or Library Manager): File -> New -> Cellview ol , —
Cell invertertest] ) e inverter
Wiew schematic Wien symbol]
Tupe schematic n ) —
Appli[:atiun ‘\" Virtuoso® Schematic Editor L Editing: test inverterte|
Open with Schematics L ' Launch File Edit Yiew Creale Check Options Migrate Window hitkit Help v '&'dd ere Stubs at
_ Alyays use this application for this type of e JuP @dld 0mx 0TDEs ¢ -7 r QA QE %L L »E @ allterminals _ registered terminals only L
Library path file l\l\ 0-0-0 uj\l\wwksm e @S Q‘HIE&: Ay o T %.I\I & -] 'J\I\ [
shone dkirchner fske fods. 1ib Array Rows 1 Calumns 1
4™ Rotate Ak Sideways 4 Upside Down
Cancel HE‘p | ’ D ’ ’ ’ ’ ’ ’ ’
e
ol @ Cancel Defaults Help
‘m Edit Object Properties ®| N
Anply T only current instance .
poyTo  (onty curert g jstence B3 Her we use R,L,C frc Lib because we use them
Show _ system & user » COF e . e .
for simulation environment only, not for our design
Briwse Reset Instance Labels Display
Property walue Display
ns
Library Name analungu off n . . RM-> add name ->"in". . . . . .
< 4 . .
Cell Name  [vde - | L N inverter
View Mame symbol off n
Instance Mame w1 off n
Add [ielete haadify
User Property haster Value Local Yalue Display Add Instance RM-> add name -> "out"
lvslgnare TRUE off n @
DC-value Erowss
CDF Parameter Walue Display Cell
\ Moise file name off n Wien
mber of noise/frag pairs 0 off n (MBS ch RO
age 15¥ bath
! o ] o Add Wire Stubs at c:lp r="1Meqg
RIE GGG 19 CLI - | & all terminals ' registerad terminals anly “
AL pHase off n — —_— /
= n Array Rows 1 Columns 1 /
AC-value for off n | 42 Rotate Ab Sideways | |33 Upside Down =
ac-simulation U - | gnd 5
o B Real value for Cr
(frequency response) S Model name
er @ Capastance o~ Answer later.
Morinal temperature off il
i '—n : 1] -
o R
h: £35hdcd User: kirchner m Cancel  Defaults . Help cmd: sel: 1|
Cancel || Apply )| Defaults | Previous || Mest | Help
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Simulation ADE GXL Start

ADE (G)XL usage differs from ADE L

From the Schematic Editor -> Launch -> ADE GXL Most tutorials use older ADE L LDE Layout Dependent Effects
EAD Electrically Aware Design

Launch ADE (G)XL Launch File Create Tools Options Run EAD  Farasitics/LDE  Window Help cadence
ADE XL ; .
b dRleg f DEE ~lalE BBl BEG ,
& Create New View o Open Existing View - ; _ m——
l||lNo Parasitics/LDE B % m »l mSlngIe Run, Sweeps and Cormers B % L @ o A |||Reference_ g »l
@€ cencel_Help | Data View TEX] - invereres— e
R % Tests
L& gon veriies Welcome to ADE GXL -
ADE XL creates a new view! 2 & Parameters = 0

=

- {0 > ADE GHL is the new design environment in 12 6.1 for mixed-signal design. Like ADE XL,
|— Run Summary

|79 this enviranment provides corner and statistical analysis capabilities across multiple tests
U Test i with design documentation anc‘?ost—processing capahilities. Additionally, ADE GXL
| Create new ADE (G)XL view £3 W 1 Foint Sween provides Local and Global Optimization, Sensitivity Analysis, Mismatch &nalysis, Improve

W U Corner

Al . Yield, Parasitic Estimation, DCM and MTS. To get an overview of ADE GXL, what it does
e = NSIEY COmET and how to use it, click here i

Library test n I

Cell I n b B
I_w_l_ e 1] G A 141 14

Wigy adexl ol = ﬂ

Type addexl -

Application

Open with ADE GHL 15

— Always use this application for this type of file v

Library path file
/home kirchner fskefcds. Lib

Virtuoso® Analog Design Environment GXL Editin~- rast invertertest schematic

Launch File Edit View Create Check Options Migrate Window Parasitifs ADE GXL kit Help cadence

IO & »l% 0 @M% 0To »|QQQ&H|B 11 » s BSE
Cancel Help - - - ( )
m % A y l||lND Parazitics .LND Sweeps ‘“Smgle Run, Sweeps and Carners . % @ o

| Data view =) invertertest ) & ade
_ S Tests

& Global variables
v/ & Parameters

-
Y - ~
" ] '

Data Histary

DREN N @ newtah O curent tab o new window

J

X

] OF
|
|

[ Run Summary
0 Test
v 1 Foint Sween
v 0 Corer
v Nominal Comer

| T

=
™
ey

Liimuuse L hl: R
448 |

Crnek: Sel: 0 '
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Simulation ADE GXL Create Test

Virtuoso® Analog Design Environment GXL Editin~- rast [nvertertest schematic

DE GKL hjkit Help cadence

» 9 ]| fﬁf 75 L L s |wosssesedlessc QIS G
”[Smgle RLiy/Swe' ps and Carners @ ( @ o ) |

invertertest ) & dexl

Launch File Edit ¥iew Create Check Options Migrate Window  Parasiti

Jo & sl 0 Mm% @ T
| [[ 1o Parasitics B30 sweeps -
=]

X

B | % Tests
(2 Global Variables
- v & Parameters

&N =i
c il
. Data || History
| Run Summary
0 Test
¥ 1 Point Sween
v 0 Corner
»  DNominal Corher
! T |
|
nmuuse L Pl: R: |
406) | | cme: ek 0 ]
H ADE XL Test Editor -|=|=
Session Setup  Analyses  Mariables Outputs  Simulation Besults Tools cidence
W Choosing Design -- Virtuoso® Analog Design Environn X —
5 =R SRR =N =
Library Name  (test [ J
Cell Name TLFEanp L Analyses 2E|X] =
inverter Design Yariables ¥ A= e
inverterl Type | Enahle| Argument: | o
invertertest
iseehing. enanples Mame | Walue I
(]
ov_test_follower
ov_test_openloap
padtest: t:"
spiel (] =4
Vigw Name schematic B x
Open Made ® edit _ read °
D concel ) e Outputs edll-lbs {;)
i Expr | W | Plot| Save| Save Options |
s

17.12.2018

=Welcome to Vituoso® Analog Design £

limouge L Pl

L

5(8) | Model Libraries ..

i ]
Status: Uninitialized []

IGS / Uni-Rostock
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Simulation ADE GXL Create Analyses

ADE XL Test Editor
Session Setup Analyses  Mariables Outputs  Simulation  Besults Tools ciden ce
l|||g @ | < e | &l = @ @ = | |'-- Choosing Analyses -- Virtuoso® Analog Design [|X |
Anal edll =l A .
Design Wariahles - :’SBSEnable' — u\£| 3;5 Analysis ' tran w hoise
Mame 1 Value T | Type | T cog » Ok « sens o docmatch o sth
@ o pz o sp o oenvip o pss
lt:-' o pac o psth o pnoise o pef
-
s¢ — psp o gpss o gpac  fpnoise
o gl « fpsp o hb ' hhac
° w hbnoise
Outputs e (=]ES @ DC Analysis
Mame/Signal/Expr | Walue | Plot| Save| Save Options |
Lt Save DC Operating Point
oV
Hysteresis Sweep L
From Schematic
Sweep Variable //
Component Mame  /¥1 &«
— Temperature
__ Design “arale Select Component
='Welcome to Vifuoso® Analog Design E
- g ! - & Component Parameter Parameter Mame deo
rmouse L: . .
T : ; o | _ Model Parameter
S | Model Libraries .. | Status: Uninitialized !
Sweep Range
Session Setup Analyses Variables Outputs Simulation Results Tods Help cadence & Start-Stop Start 0 Styﬁ 33
— '« Center-Span
Iy gle> a8 do /
Design Variables el LFlElx i T ® Step Size TR
T Enable | Arguments [[ rane H Linear
Name | Volus [ tee 03 lOmLinee Sttp 3ot St Stop 11 & Create/Edit analyses (TIYET- - |  Number of Ateps
fe- Global or Design Variables i sy P
. . .
3 Simulation Outputs
Enabled -
Quiputs Delete selected analyses s - o
Pua — e — 220 y ) aufomatic, linear, logarithmic
| Mame/Sgnal/Expr | saveOpions
= i Pl Save |, Save Options o Run enabled analyses
ancel Defaults Apply Help
Stop \_/
PlOt o wis “OC woltage”
> L nag acm "AG magnitode"
& phase acp "AC phase"
5{g] | Plot Qutputs Status: Re: | T=27 C | Simulator: spectre IJ sfmag =fm "HF magnitude
PacmAY pacm "PAC magnitude”
pacphase pacp "PAC phase"
type srcType "Source Ltype"
tel tel "Temperature coefficient
te2 te2 "Tenperature coefficient
tnom tnom "Hominal temperature"
< il -
Cancel Help
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Simulation ADE-XL/L Choose Outputs

ADE'L (1) - testinvertertest schematic

Launch Session Sefup  Analyses Yarables Outputs  Simulation  Results Tools Help cadence
I iz &= 5 db
. . Analyses
Design ariables ks
| Mame | wWalue | : =
t:-.
b4
- - O
Outputs g [ Setting Outputs -- ADE L (2)
| Mame/SignalExpr | Walue | Flot| Save| Save Oplions | Table Of Outputs
Wl Seletied Output | _
Mame (opt.) in yes ally
. out_schematic yes ally
Expreszion \rum Design
Calculator i
\Open i Get Expression I Closej tic
. Plot after simulation: | Auta B Plotting mode: Beplace B Will be « Flotted/Evaluated 0 I y»
i | heasure type @ Sig/Exp o OCEAN o MATLAE o SPICE '
2(3) | Delete | Status: Ready | T=27 C | Simulator: spectre ]J
Add I\ Delete o Changej\ et i Mew Expression J
ED Cancel Apply Help

ADE L (1) - testinvertertest schematic

Launch Sgssion Setup  Analyses Variables Outputs Simulation Results Tools Help cadence
I @7 e e e de

Analyses
Design Variables

[ Mame [ Malue |

 Enable|
do ™ 0 3.3 10m Linear Step Size Start-Stop /0

(&
3 4
#®

Outputs

 Walue| Plat| Save|

in

KK

out_schematic

Plat after simulation: (Auto B Platting mode: Feplace B

= 5elect on Schematic Outputs to Be Plot

lIII |
2(3)| Flot Sutputs Status: Selecting outputs to he ploted.. |T=2? © | Simulatar: spectre IJ
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Simulation RUN (in ADE-GXL)
Run Simulation

Virtuoso® Analog Design Environment GXL Editina: test invertertest schematic

Launch File Edit Yiew Create Check Oplions Migrate Window Parasiics ADE GXL “Skikit Help cadence

= o= 0 (o % G » N [~ Workspace: [Basi B . . . .
Ju Aok U4 JK R Q"% \Mispace = =% common Errors stopping execution of simulation:
| ||LND Parasitics LND Sweeps - . ‘“Smgle Run, Sweeps and Corners e @ 0 | .

[ Data view B f imnebest S oo Design changed and not saved.

[t
B L% e . Unexpected/unassigned variables due to input errors
v & Global variables e
| G Forametrs - mostly for component values.
e A Example: Using "Meg" instaed of "M" for "Mega..
Data Histary
L Run Summary =R -> Creates a variable "eg"
0 Test

v 1 Point Sween
« 0 Cormer
~  Nominal Cormer

| s

[ History ltem | Status
Lunmuuse L hd: R:

48 | Crd: Bel- n.l

Plot outputs

Launch Rle Create Tods Options Run EAD ParasiticslDE Window Help cadence
o8k is f0EE e BB8B = / B=@ ,
lHlNoParasuics,‘LDE M (] » Hlsingla Run, Sweeps and Corners %;/ @ 0 l||'2e."erer'n:e:l g @‘
| Data View Select a Parasitic/LDE Mode| % | & adexn x
v G Tests Outputs Setup Results Run Preview  ~
] v/ & Global Variables e T S "

; Detai |- U\'@'EJ +| L2 ~ Replace Bz @ [Zij B B8 »
E‘ri& Parameters e Test | Outpst | MNominal |  Spec | Weight | PassiFail |

Data | History

=

| Run Summary

1 Test
¥ 1 Point Sweep
v 0 Carner
v Nominal Carner

jout_schematic | |

| History ltem | Status |= | ') interactive.0 | (1) Interactive.1

uimaouse L: M:

&
306 ]
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Simulation ADE-L Evaluate Results

lect

/\> Tools —> Calculator

Virtuoso (R) Visualization & Analysis XL calculator

l File Tools View Options Constants Help cadence
21+ |
| "H In Context Results DB: JEDir_kirchnerfdestinvertertest:1/simulationdinvertertest'spectresschematic/pst
s L J
g |
4 fl ‘. vt [l | ivde [ avs [ dop (Jvar | kJwn
- - »»
| | M it LAl { Jidc s —oopt _omp . ¥nE |
| |||\..4 Off o Family & Wave |1 Clip | % Mews Subwindow =| @ | E
" ]
7] derivv{"netd" Tresult "dc"f —
~y  Pop B me e e -
R b B9 gk | B e ve 2| 5 |
014 < R X
I]‘I] IS 1.‘I] 1‘5 Z.‘I] 2‘5 EIEI }.‘5 | Funcljon\ﬁanel @\E’l
de (41
lL'q” \ |
. . . AN
IaneXIon pOInt (max. abs. galn value) 1ix atanh evmipsk  gainBwProd  harmonic loadpull - peakToPeak
- 107 average exp gainkdargin . harmonicFreg loglo period_jitter
derivivi"fout_schematic" ?result "dc")) Wed Mar 16 13:54:33 2018 1 P b1t eyeDiagram getasciivave histo lsh phase
Nama Vin Rn handwidth fallTime gmax iinteg Ishift phaseDeg
1.0 — azd clip flip gmin imag mag phazeDeglnwra
B darivlel Yout_achematic' FranulL ‘e & E abs compare fourEwval sy int nc_freq  phasekdargin
0o = ahs_jitter compression freq op inteq nc_gain - phasetoise
10 E w acos compression'RI freq_jitter  gpc_freg intersect nt phaseRad
s i \ acosh  conjugate frequency  gpo_gain ipn nimin phaseRadlmyra
20 RO asin convolve E groupDelay  ipnvRI avershoot pow
E asinh cos dutyCycle gac_freg gt kf pavy prms
3.0 = atan cash evmAk  gac_gain  gums In peak psd
40 B < il »
50 E Function Panel Expression Editor hematies
60 E status area B
70 i 20 | Schematic Selection Toolbar |
80 Recommendation: Move derivation plot to new subwindow (RM-> Move to)
6.0 —
10 —
41 E In Visualization&Anlaysis Window -> Marker -> Create Marker
-2 i - Create Graph Marker (=)@
e E Markers set to find the -1 gain Foint | Horzontal || Verical
A4 _
E 8 B 8 ¥ Positi E
P to determine noise margins. stens 1 R
-18 _-
17 —
B K
08 06 10 12 14 18 18 20 22 24 25 28 ) Hint: Use hind key 'H'
do (¥ €« co:- Apply | | Help
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Simulation ADE-L Evaluate Results using Delta Markers

. . = Marker (=) [E)(z=)
Show the logic margins — :
i Horizontal | Vertical
Label  oqn: 96, %y
dv Expression n
. t
1. Marker -> Create Marker -> P0|nt for dv& = _1 \ Trace o AttachtoTrace  derivleafValue( getData("/vout” ?result"dc"}"Design
m \ 4
2. Marker -> Create Marker -> Point P Ut ) !
(The two markers overlay at first "y = -1" point] I/ Hint use bind key M’
3. Move and edit second point marker to second "y = - S
4. Make point markers forx =0V and x=3.3V /
5. Select marker pairs (use Ctrl) and choose Marker -> Create Delta Marker Select derivative trace
6. The dx-values are the logic margins
34 = 6: 0.0V, 0.0 06 j"o
32 - - - " . 0.0
V. M5_1.92§59v, 1.0 = .
, = 3
2.8 - A dx:1.37411V dy:1.0V 5:727.742m —-2.0
" 1.357 V
24 . 4.0
22 1374 V }-50
20 = —-6.0
1.8 = —-7.0
21,6 — ;fﬁﬂ
= 3
1.4 = —-9.0
1.2 = ;710
1.0 = _—-11
0.8 — ;712
0.6 = i _—-13
04 = \ _—714
0.2 - f 15
0.0 - / 16
0.2 =

If we have more than one y-axis the markers can be assigned using RM over the marker -> assign to axis

K.-P. Kirchner, Uni Rostock, Institut GS



Simulation Parametric Analysis — Temperature (Built in)

VirtuosoA® Analog Design Environment GXL Editing: test invertertest adexl - o x
Launch Fle Create Tools Options Run EAD Parasiics/lDE Window Help cadence
[IER=R=R"WicHNEN: | »ld IE B [IE - === : :
[norrmmrnot B i »lomennsmmmca: D& o O 0 Jrmme S Start ADE Test Editor: with RM over your test

A
Data View oL | ® invertertest « 2 aden x
) v ) Tests L1 Dutputs-setip Results
v = = .
2% % T TIE E el o e
F e o | JAddTes - Name | Type | Details | EvalType | Plot| Save|
Run Summary lDDE"TEiEdim" ' signal | /in point v o
Dafq sty Open Designin Tab Ertest:1 signal  Jout point ]
o Pk SWeeD | pgd Analysis
+ Naminal Cornel  Create Test Copy Il I
Delete [ & '>
____| o ; Tools -> Parametric Analysis

ADE XL Test Editor - testiinvertertest:l

35
Session  Setup Analyses Mariables Outputs  Simulation Results Toolé CEdEI‘ICE Mame temp
. et b
M et -0 4
1= = I rete 30
o raarr e | , Bz
. W et -10 B
79X
Design Yariahles LIRS | 28 sac et o 28
Type | Enahle| | Arguments | S=n M et 10 |
Mame | Value [ | e v 03.310m Liflear Step Size Star-Stop /1 Mows | 2
|l ~ e g
E W fnets 40 J
. M rnets 50
lt:_‘ fretd 1] 1
W frett n 2.1 4
b4 I rned =0 i
Outputs | GEES ez ]
= - W et -0 =,
MamesSignaldExpr | Walue| Plot| Save| Save Options | o e 0 = 4
1 netd ~ = allv fned <20 d
> neta v aly @ .;::'; *14
B l,_- - W e 10 4
W W e 20 ]
= Results in _invertertest1/simulation | W ez El]
. . N M e 40 1
Il mouse L: 1. R: e 0 |
5(011) | Simulator .. | steths: Ready | T-27.0_C | Simulator: specte | B | @ g
W fne3 20 R
Parametric Analysis - spectre(4): test invertertest schematic 0.0 |
File Analysis Help cadence ' T 1 T T T 1 [ T 1 T [ T T T T [ T T T T [ T T T T [ T T T T T
1.0 1.25 15 175 20 225 25
Il Parametric Simulation Completed. de (V)
= " % ‘ lﬁ #® @ O Q "Run Made:|Sweeps & Ranges =| @ Q |
]
Wariable Walue | Sweep? Range Ty —— i Inclusion List Exclusion List 1 H H
- I T W T | | Now we could repeat the logic margin evaluation

for the extrem temperatures

e

=

Info: Parametric Simulation Completed v

21| setect a fun Made |
]
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Simulation Parametric Analysis — Global and Design Variables

As an example we replace the fixed width of the PMOS transistor by a "Pwidth" in the inverter schematic.
Open the schematic and change the "wtot" of the pmos transistor from fixed value t o "pwith"!

ADE XL Test Editor - test:invertertest:1 o x Start here to create a design variable

Session  Setup Analyses VMariables Outputs Simulation Results Tools Hel a

- QR - =0 - - - b cadence Editing Design Variables -- ADE L (1) x
||| E {@ | rc 27.0 | d‘:’}j }ﬁ @ @ = Selected Variable eI

= = — b Name Value
Design Variables 3 - Mame pwidth 1
DT e
BT T — o g et B
; rear-s i = a i: I
1 pWIdt e alartk. DECP
N 3 Add | Delete | Change
=2 ——l—p
3 MNext Clear Find
Output[ ZE‘);(‘ x _— e N
Name;/Signal/Expr | value| Plot | Save | Save Options | ) T .
4 in v allv 6 Cellview Variables Copy From CopyTo | =
2 out » allv m Cancel Apply Help

(ORI . 9
n
48) | Choose Design... |

If there is only the testbench schematic ope
select inverter and press "E" (descend edit) to
open the inverter schematic!

Or start here to create a global variable.

Virtuoso® Analog Design Environment GXL Editing: test inverter schematic

It must be exported/backannotated to appear in test.

Virtuoso XL uses "Global" and "Design" variables.

Design Variables are valid for the specified test only

Global variables are valid for all tests in the adex|-view

Global variables overwrite design variables with same name
Overwritten design variables are shown with a horizontal strike

It is possible (= RM over design variable) to update a global variable
from a design variable

Launch File Edit Wiew Create Check Oplions Migrate Window Parasitics ADE GHL  hitkit Help cidence
- — + ~ ]
IG = »ld O E X O TE »|QKQ & E [T L L s Hesspeceper s
HI_ND Farasitics BLND Sweeps Al L=l ”lSmgle Run, Sweeps and Caorners n% @ @
Data View G5l = o {inverter) | &  adex
o % Tests
= Global Wariables I
b [ Puwith i)
g Add Variahle S
\t. Edit Variahle 886 oo
i copy . B
= Undo . T
i M
r Redo —._I itk =h 4u
14 =8
DMt Variable i
| Backannotate to Test £ testinventarast
Enable/Disahle —] T . e e cutl
1 Test Import Sweep . R .
¥ 1 Point sweEEp o A
~ 0 Corner 5 4"| E B 360
ng=1
»  Mominal Corner o
Histary ltem | Status .| e
v

nmouge L: schiingleSelectPty) hd: hilndao(y

F: schHimMousePoplpg [

17.12.2018

A(E) ‘ hitkit: ams_4.10 Tech: c3bh4cd User: kirchner

Cmd: Sel: 0 | T=270 C ‘ Simulatar: spectre JE

IGS / Uni-Rostock
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Simulation Parametric Analysis — Using Variables

Wi

=

Start here for parametric simulation!
. Start from Test Editor Window runs without
M parametric variation (Default values used).

DC Response
Name
Parametric Analysis - spectre(0): test invertertest schematic - O X
Jout
= . jout
Hle Analysis Help cadence

fout

Il Parametric Simulation C
= id %\@ X O O k[ ~frun

ue
Tu 3u 6u 12u 30u 100u

fout
. fout
fout

1 Parametric Set

- = -
| Info: Running Mative Simulation..

=
12| Add New Row
Parametric Analysis - spectre(0): test invertertest schematic - o X
Fle_Analysis _Help cadence
Il Parametric Simulation Completed.
= d %\@ X O U ~|Run Mode{sweeps s ranges K@l @ O 0l |
Variable | Value | Swi Total Steps | Inclusion List Exclusion List
pwidth 3.3u v FromiTo 3u au
=

12| HelpAction

You may refine the simulation with a new set or range of pwidth-values

17.12.2018 IGS / Uni-Rostock

wtot=Pwidth. - Open object parameters (q)!

’W Replace fixed value by parameter!\

pwidth

1206

12e:05
3e05
0.0001

EBrowie

Reset nstance Lahels Display

Froperty
Library Mame
Cell Name
View Name

Instance Mame

CDF Parameter
Iodel na
‘Width
width stripe
Lengih

Number of Gates

MOS transistor shape

-
A

Walue

= Editobjectproperties. |
Apply To only current ' instance '

Shaw L system & user & CDF

PRIMLIE

pmosd

Sp

ectre

M1

Add Delete hadify

Walue

modp
Puidth ¥
Pwidth/ I
0.350 1

2

notmal '

Cancel

Defaults Previous

Met )| _Help

@I Cencel Apply ) Defaulls ) Previous ) _Next ) Help

00 02 04 06 08 Imlbl atl

1,65V

Thu Oct 4 11:18:33 2018 1

nl.rglﬂ.ESm 26 28 30 32 34
c (V)
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CMOS Inverter Capacitances and Delay

Miller-Capacitor When to consider?

- only, if V> Vgp,resp. V;,> V"D

3 E
Cin = E (Coxl + COxZ)

Voltage changeoverC: 2 -Vpp

GND ® Vs
Vps
Sio,
Poly-Si
== === Si0,
+ -
p-Substrate 1w
- ==
T T

o —Vsz

Real circumstances more complex:
Gate capacitances to drain, source, channel, bulk ->
additional Coperiap, Cin nonlinear:

---

0 Cox + 2 Coy
NPO 0 1 1 Cox+2-C
E Cyy E < Coy ox ov
PO 0 2 >0 2
>3 Cox E'Cox+2'cov
Coii\l | POI.y_SI J I I Polly-Si :I;I L POIy_SI ¢I
J p-Substrate L: 'éf: L: J p-Substrate
p-Substrate pm
T T T

17.12.2018 IGS / Uni-Rostock

Up

D)

0x2

2——

b
s
/’%ZJ_

i

O
Mo

p-channel

Cout

M1

n-channel

Originally the junction capacitance
between drain and bulk

In the range of C,, if source and bulk
are interconnected

1
Nonlinear ~—
Vv
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CMOS Inverter Capacitances, Output Resistance and Delay

|D A
Output resistance of FET for charge reversal
“  Ugs=Us
Single transistor at Vp, with input voltage at Vpp
@ >
Ug Ups
Bn KPNW 170puA  1um
In =—Wpp = Vipn)? = ———WVpp — Vipn)? = . - (3.3V — 0.5V)?= 0.68 mA4
R, =Yop - 3V _ 485k0
Ip 0.68mA
3 Capacity and time constant-> Delay time (50%-cross distance)
Cin = WL~ Cox Cin=4.5f—Fz-;(1+3.2)um2=28.35fF
Cout = W-L- C,ox umF
next gate Cout = 4.5 f—z (1 +3.2) pm?= 189 fF
um
tpHL =0.7 Ry - (Cinn + Cinp + Coutn + Coutp) ‘

’ 5
touL = 0.7 Rq * Cox 5 (WnLp + Wy Ly)

F 5
tomt = 0.7 - 4.85kQ - 4.5 # +2(1+3.2)um? =160 ps
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Replace the vdc-source by a vpulse-source. (It would be possible to use this from scratch even for dc-simulation!)

= Add'Instance

Library anzlogLih

Browse
e

Cell wvpulse

Wi symbol

Mames

» Add Wire Stubs at

« allterminals @ registered terminals anly

—

Array Rows 1

Columns 1

4> Rotate Ak Sideways

= Upside Down

Frequency hame for 1/petiod
Noise file name

Mumher of noise/freq pairs 1}
DC voltage 1.65 ¥
AC magnitude

AC phase

HF magnitude

PAC magnitude

PAC phase p
 G—

voltage 1 il

Woltage 2 33v |

Feriod Zn s

Delay time

Rise time

Fall time

Fulse width

Temperature coefiicient 1
Temperature coefiicient &

Mominal temperature

Type of rising & falling edge n

Cancel

Defaults

Help

"

17.12.2018

Simulation Transient Analysis

Period

_ Pulse width

1

Fall time

—+
||

0
Rise time

- Try another parar'ne:tri:c simulation
(transient) with Load Capacitance as a
parameter!

™

How to find proper time values?

IGS / Uni-Rostock

Voltage2

Voltagel

C Choosing Analyses -- Virtuoso® Analog Design x|

Analysis & tran

w dc o ac  haise
— sens o dematch O sth
o pz o 3p — envlp — pss

 pac o psth O opnoise o pel

o psp o Hpss o gpac « fgphoise
o gpef < Hpsp o hb « hbac
< hbnoise

Transient Analysis

s

Accuracy Defaults {erpresety

& conservative _ moderate __ liberal
| _ Transient Moise

| __ Dynarmic Paramster

Enahbled v Ciptions..
= ——
< 11l ,_

Diefaults

Cancel

Apply Help
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Simulation Transient Analysis

Oops!, looks strange ...
1pF load is too much for our small gate
To display cross points: RM on marker line > Intercepts -> On
Transient Response Wed Mar 16 14:41:15 2018 1
::: 1 9.6
-IrOUL—n:haanic ’ 3'4 ........................
8.2
2.0 - - ;—"/
2.8 :
Changed load to 80 F W Bt g ey B
. 2 B4V 3
Compare with data sheet of 24 .
22 .
ams standard cell next page! yo L
RO IR SIEDQEED  EgEDEEEm e
1.2 : .
falltime: 1.555ns-1.1545ns=400 ps o [}
risetime: 2.2404ns-2.0601ns=180 ps 08 \ '
delay(inp rise): 1.3324ns-1.005ns=327 ps 08— Jopmmm- T B mmm """"""""""""""
delay(inp fall): 2.1328ns-2.015ns=118 ps 04
0.2 gfoil
00 -.J I e A O N O OO O
0.2

0708 081011121323 1415161.71818 20 2122 23 24 25286 27 28
time (ns)
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Simulation Transient Analysis

Try another parametric simulation with
Load Capacitance as a parameter!

Compare results with a given cell from AMS! B py /2 = INVO amm Ei

www.ams.com

Databook Build Date: Wednesday Jun 18 17:26 2014 Copyright © 2004- 2013 Nangate Inc.

Conditions for characterization library ¢35. CORELIB_TYP, corner ¢35_ CORELIB_TYP_typical: Vdd= 3.30V, Tj= 25.0deg. C .
Qutput transition is defined from 20% to 80% (rising) and from 80% to 20% (falling) output voltage.
Propagation delay is measured from 50% (input rise) or 50% (input fall) to 50% (output rise) or 50% (output fall).

ine?

W ied | 2515 4 i
W inet3 Sa-14 H
{net 3
W nets [ 25215
W ines fel4 \
§z | | propagation

‘\‘

—

{ Capacitance [fF]
|

\
\
{ T—

o

‘ Dynamic Power Consumption [nWIMHZz] UUpS!, explaln the negatlve Value!
fall time Input Transition [ns]
Load Capacitance [fF] 250 80.00 250
-= 5.98 6.28 160.14 131.01
T T T T T T T T T T T T T T T 1
10 125 15 175 20 225 25 34.83 35.09 256.12 205.46

time {ns)

i
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Simulation Transient Analysis

Using Calculator and functions to show delay, fall time, rise time

Calculator works with stack in RPN

Input and output from voltages transient simulation
VT("/in"), VT("/in") used in the function "delay"

Virtuoso (R) Visualization & Analysis XL calculator = (=T
Fle Tools View Options Constants Help cadence
||H In Context Results DB: /kirchner/ske201 inverter1/Si ertest J\ts/datallntera\:twej1ip5fltestmvertertest:‘!lpsfn (=}
| J
Il app plot erpiot I
vt [ Uwf | Uvde [Uvs Cos|Uop et Ump|lUvn |Usp Uvswr O hp
i testinvertertest:1 »
| e (O [Oe [  opt  var w2 [Uzpp Cyp e

[l ot  Family  wave | vl cip | Bl ] (appena R rectanguiar B 8| B
KeyP.. Xy
7 9 1

8
4 5 [ *
2

[_Function Panel A x|
(Al n fx Q

Ux PN average aza ep ganMargn  imag 1sb, phaseDeg, pstddev
10%*x Rn banawidtn o810 eyenperture getasciWave  inl Ishift phaseDegUnwrapped pui

BIr  aza busTransition 820 eyeDiagram getData int mag phasemargin pur

GA  aasP calcval dBm fallTime  gpe_freq integ ncfreq  phaseNoise pzbode

GP abs clip delay firstyal gpe_gain intersect  ncgan  phaseRad pailter

GT  absjiter  compare delayMeasure flip groupDelay  ipn normalQQ  phaseRadUnwrapped real

Gmax acos compression  deriv fourbval  harmonic  ipnVRI numConv  pir rfGetMinDamp|
Gmin  acosh compressionVRI dft freq harmonicFreq itime overshoot  pmNaise riseTime
Gmsg analog2Digital conjugate dftbb freq_jitter  histogram2D last/al pavg pn rms

Gumx asin convolve anl frequency i in peak pow rmsNcise

K asinh cos dutyCycle  gacfreq  ifreq loadStabiity peakToPeak prms rms_jitter

NF atmn cosh evmQAM  gacgain  ih loadpull  period_jitter psd m

NFmin atanh cross evmQpsk  gainBwProd linteg log10 phase psdbb roct

To wave

Virtuoso (R) Visualizatios Analysis XL calculator - o x

Fle Tods View Options Constants Help / cadence

HH In Context Results DB: +/kirchner/ske201 %inverter1/Si l[esmnvel’teI'tesrjadexl]r’esul[s!da[ai\n[el’ac[ive,‘l‘I.’psﬂ[estinvertsr’tes[:'\lpsf
!

Il app plot erplot I /.
et |owf Jlvdc | vs Cos|oop et mplown |Usp s hp

& testinvertertest:1 »
O | oA | [Us _oopt _ war _wn2 |z Ly gd

|

|lo oft _ Family _ wave | ¥ cip | %ﬁ}&ppend Rectangular & B

L3> A8 BUX] | celayfewi1 vTi7in), 7value1 1.65, 7edget Tising”, ?nth1 1, 21 0.0, ol nil, Pwi2 VT{"/out”) Pvalue2 1.65, edge2 Talling”
7 9 || 4 | mth21, xol2nil, %d2nil, ?stop nil, Zmultiple nif}

B
4 5 6 *
1 2

o D B B g e e J
|__Function Panel IS
All e Q

delay

Signall |[VT("/in")

Signal2 |VT(*/out”)

Threshold Value 1 | 1.65 Threshold Value 2 1.65
Edge Number1 1 EdgeNumber2 1
EdgeType1 [rising [~ ] EdgeType2 falling -]
Periodicity 1 1 Periodicity2 1
Tolerance 1 nil Tolerance2 nil
Number of occurrences |single [~ ] Flotiprint vs. frigger
start1 0.0
Start 2 nil Start 2 relative to trigger n
Stop  nil

OK| Apply |Defaults |Help | Close

Functicn Pane| | Expressicn Editor

Successful evaluation B
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Simulation Transient Analysis

Similar to the input-output-delay you may use the risetime and falltime functions

Name Wis

.Mfalling” ¥nth2 1 #tal2 nil ?td2 nil Zstop nil Fmultiple nill @
B riseTimeV T fout™) 3.2 nil O nil 20 80 nil "Bme") i
M falMime{VT{"fout™) 3.3 nil O nil B0 20 nil "time") P

falltime: 1.555ns-1.1545ns=400 ps
risetime: 2.2404ns-2.0601ns=180 ps
delay(inp rise): 1.3324ns-1.005ns=327 ps
delay(inp fall): 2.1328ns-2.015ns=118 ps

Parametric simulation of delays vs. load capacity
Input transition time 10 ps

480.0
460.0

420.0
380.0
340.0
300.0

_260.0

)
220.0
180.0
140.0
100.0
60.0

200

//
A
fall time
A
//
Iy ,/’
/,/
/,//
rise time / //
////
o ////
- ////
/////
P propagation delay rise to fall
P
z///
z,/,
/’///,
///,
e
/é
M
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100
cload (f)
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Replace all the Variables in the design with fixed values.

Layout Start and Generate from Schematic

Variables have their scope in simulation only.
Variables in the testbench are not affected, because they will not be involved in the layout.

In Schematic Editor: Launch -> Layout XL

Fold the PMOS (2 gates)

Startup Option x
Physical Implementation Startup Options

Layout
& Create New « Open Existing |

Configuratian

In Layout XL: Connectivity -> Generate ->All From Source

Layouth

B

Cancel
e

Help

{LX-5005): The selected operation requires schematic cellview 'test inverter schematic' to be extracted.
@ Click OK to extract the cellview now.

Here we may select the cell boundary:
origin, width, height (0:0, 6, 20]

— Create Mew

& Automatic

— Open Existing ‘

L_

IfOPins | PR Boundary =~ Roorplan

Generate

v
I! Chain & Fold Chain Folds

»~ I/OPins
_ Except Global Pins
__ Except PadPins
» PR Boundary
__ Snap Boundary

Position

Minimum Separation 1

Device Correspondence

— Preserve User-Defined Bindings

Connectivity Extraction

# Extract Connectivity after Generation

_ In Boundary

Generate IYOPins | PR Boundary | HAoorplan
Specify Default Values for All Pins
Layer: Width: Height:
8.5

Mum: Create:

l .METldrawingl H 8.5

Specify Pins to be Generated

1

| _

v Apply

Cancel

Defaults

Help

Generates a layout with all instances placed outside a rectangle (estimated cell boundary)

17.12.2018

oK Cancel Help
e
= (0205 GO
File
Library test
View layout
Type layout '

Application

with Layout XL
ays use this application for this type of file

Library path file
fhome/tfa@11/ske2017c/cds. 1ib

Select: Mumber Of Matches: @ Add New Pin... Cancel Help
Term Name Net Name Layer |wiidth |Height |Num |Create | Text is used to recognize
"gnd” "gnd” ["MET1" "pin") 05 05 1 t borts correctly.
"in" "in" ("MET1" "pin") 05 05 1 t P
"out" "out" ("MET1" "pin") 05 o5 1t | W Set Pin Label Text Style
"dd!” "dd!” ("MET1" "pin") 05 05 1 t
Height
Font
MName: Layer: Width:  Height: MNum: Create:
B VET pin 8.5 8.5 PR Update Text Options » Drafling
//' Dwerbar
[ﬂm Layer Mame )
» Create Label As & Label = ! i
A q
| I, =TT Same &z Pin
Layer Furpose metall n
_ Same As Pin Yy
&P oo Defaults || Help
Justification centerCenter n
Origntation RO n
€ concel Help
—— —

IGS / Uni-Rostock
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Layout Floorplaning

To see all layers: Options -> Display -> Display Levels -> Set "stop" to 32 (Shift-f) Save to ~/.cdsenv

Suggested cell area 20‘":“:"_6 Hm cell

e . . (Dejselect Under Cursor »
Aﬁx IItLus":gXLRM -> 1. Routing Ohject Granularity >
n Layout-AL, Ukdake PR Boundary Mon-Selectable J

S . _ not in Layout-L ! = —
Edit -> Stretch

Tools-> Create Measurement™ Tools -> Clear All Measurements*m

S ——

*Ruler in older versions

ol _ | When moving pins include all parts.
g%l o S | B Best practice: Snap to the little "+"!

Point O,

%%1 - F3 opens move options (e.g. orthogonal, all angels etc.)

- (F3 opens options for all commands)

If you have lost prBoundary you can generate a new one by:
Create -> P&R Objects -> P&R Boundary
(prBoundary is an object, not a simple shape!)

Don't have Bulk ? :
Delete both transistors in layout. Way to change something in the schematic
Open schematic and change transistor property there (add substrate contact). and make it actual in Layout

In Layout XL use Connectivity -> Update Components and Nets.
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Ay MY a5

Show: | T default(1) n

__ Used Layers Only

Scope:
Search: Q

Layers 5]

Layout Edit

ns_—actual layer

active: [l MET1 drawing n -

.J

1

H

e

Layer | Purpose | V|
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing

W

drawing

pin
drawing
drawing
pin
drawing
drawing
pin
drawing
drawing
pin
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
metall
metal?
metald
metald
hal

KEKEKKERKKEKERKKEKERKRKRKERKRKERRE KR KKK KKK KKK K
KREKKERKEKERREKERREEKERRERKERRERERRR KKK KKK K K |¢|(

6:20

N

N

0:17

" Vvisible/selectable

Create -> Shape -> Rectangle
Input with mouse:
First corner 0:0
Opposite Corner 6:3
or input in CIW:
0:0 enter ->6:3

ter

Edit -> Copy
I

6:3

IGS / Uni-Rostock

o W)

o

=
/llllg/////// ’

i
o
o

P

e &
il

1
5%
IR,

) oty
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Layout (Automatic) Pin Placement (optional)

In Layout XL: Place -> Pin Placement

Form offers a chice to place pins at top (vdd!) bottom (gnd!) left (inputs) and right (outputs)
For top (vdd!) and bottom (gnd!) the pins can be extended to rails with the width up to the cell width

and a defined hight.

PinPlanner | Pin Optimization

x|

Edit Filter Place As In
& Top Level Pins o Level-1 Pins Edge All Schematic ‘
[ ——
Status or Type All
— Auto-Switchto Level-1 Iterated Pins
By Name .E Filter Interleave
Refresh
Uninterleave
Pin Name Edge — Order |Status Type Layer Width | Height
vddlvddlvdd! K Expand
gndlgndl:gnd! any 10 MET1 Collapse
nOtin@:ind any MET1
outlrout0:outD any o MET1  0.50 ) Al
& Selected
Change Order
\i/
Move
A ) pins | ™
&)
Swaporder
Create
Message .
| Select Top Level Pin(s) from the list to edit attributes. SRl
HRai
Attributes
Edge Order Placement Status Constraint Zoom
Top Mo Constraint (Roating) S Zoom ON
Sh
P Re-Place Pins
Layer kil
Al Edges |
Layer [ Width  6.888  Height 3.888 I
‘\\/
Pin Spacing k
Meltl Spacing type CENTEr conter Update Constraints
ace from /BOTTO! Space from CENTERpin ace from RIGHT/TOP ¢
Defaults Help
= —

N

) Select Rail first

then egde

Signal pins may be placed left or right first, then change the placement to "any" and move

then define size

Pin 6x3um top
of the cell '

%I\E“‘Sﬁw“\l-f

to the appropriate location. As long as they have the attribute "left" or "right" they are Iocked to the edge

Other way : Properties -> Placement Status -> Unplaced
K.-P. Kirchner, Uni Rostock, Institut GS




Layout (Automatic) Placement of Instances (optional)

For a simple inverter with two tansistors it is easy to identify the transistors and to place them in an appropriate pattern in the layout.
Fore more complex designs some kind of automatic placement may be used. Here shown for an operational amplifier (OPA) and
the placement option "like schematic". Helps to identify the instances/parts.

Instances unplaced -

(Pins already placed N
- - oo Bowm

MNT<@:1>

[

-l Place -> Analog -> Place Like Schematic

MNS = | .

e
5L S/ne

o i

B
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Cell Layout

MET1-rail for vdd! sy ND C n-Well-Metall VIA
must enclose vdd!-pin W \j E\\E\\;\\
. IR NN n-Well(NTUB) extended for vdd connection
pmos-Transistor : : :
: Il (folded MET1 —’—\ = - and merging with adjacent cells
in n-well (folded) -0.5:10 -> 6.5:20.5
e Remember usage in (flipped) raws
Transistors n-Well
‘‘‘‘‘‘‘ POLY1 ——P1_C Polyl-Metall VIA
\\\\\\\\ F3 to change — —————__ RMandVia up/down
wire width :

to change layer

PIN in MET1
Hight: 20 um, Width: 6pum

Cell hight of ams digital standard cells 13 um
Simple Inverter 30 um?

Lb

F e \‘\“}k\\‘\fm\\‘\‘i\\\\“\\\\\ q
s s

S RSN .
[ \}\\\\\\\\.\\\\\\\\\\\\\\\\ NGl

nmos-Transistor

MET1-rail for gnd!
must enclose gnd!-pin
To consider (design rules):
Polyl: width = 0.35y, space = 0.45u

| I - i :
Metal1: width = 0.5y, space = 0.4541 gnd!, vdd! -> Exclamation marks:
Metal2: width = 0.6y, space = 0.5u

ik

7
2

“ v
-

A

i

. |
5 1
"

.’
" |
;=

A
flrcr

v
) |
i

,
%
i,

iy

(727

PD_C p-Substrat-Metall VIA

%
Ve

7

=t

Global signal names valid through design hierarchy
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Layout - VIAs

Creating VIAs: PD_C

ND_C
P1 C
P2 C
VIAL C:
VIA2_C:
VIA3 C:

p-Substrat-Metall
n-Well-Metall
Polyl-Metall
Poly2-Metall
Metall-Metal2
Metal2-Metal3
Metal3-Metald

routing of wires.

Layout of single contact predefined. Do not change!

Number and alighnme

t variable. Using "Compute from
ith appropriate number of contacts.

Options
_

N
&5 Columns 4 B

Standard Via / TECH_C35B84

Reset Parametersto ...

System | Wser defined | Cut pattemn | Amay pattemn |

Justificati

centerCenter n

X

[:]

Cut

Cut Class

Enclosures
‘ ¥ Compute

|None ~
\ |

Show Enclosures

» More Options

+ .
L Hh Rotate ) L Ak Sideways

i

| % Upside Down

17.12.2018

v Make them for the power stripes before

Stacked VIAs connecting more than
two layers available:

= Create Via x
hode _ Single @ Stack o Auto
Options » Compute From Shape(s)
Met Mame b=
_ Create as ROD Ohject Mame wial
Start Layer End Layer
I\PDLYl I\M:ETS Top Via Rows 1 =
Top ¥ia Columns T B
Wia Definitions Wia Type / Source
METZ - MET3 ez e B stancard vias TECH_Case4
MET1 - METZ v e B Stancard vias TECH_Case4
FOLY1 -» MET1 A Standard Via / TECH_C3584
L Sk Rotate | L Fil Y Sideways | L %Upside Diowen |
w Cancel Help

IGS / Uni-Rostock
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Cell Layout — Design Rule Driven Design -DRD (optional)

To avoid design rule violations when moving instances or wiring we can switch on the DRD.

Options -> DRD-Edit

You must select one mode here!

|
= \
DRD Mode v
Hierarchy Depth

Enforce Motify Post-Edit Batch-Check Category

L L L L All
L L L L Spacing
L L Via
L L L Width
L L L Area
L L L Complex Spacing
L L ] Edge Length
L L ] Extension
v ] Mum Cut
Categories | Motify Display Filter
Interactive Display Interactive Options
¥ Halos Enforce
— Dashed _ True Color — Enable Pushing
& Rule Text Jump Wires
__ 'ref Text from TechFie Allow Jogs
Max chars | g __ Targets Only
Font Size (points) 12 Notify
~ Arrows _

— Vidlation Edges

Drawing Color

me =] § k

Post-Edit Options

m Cancel Apply Defaults

Marker Limit 5800 Timeout (secs) 1

"Enforce" stops edit action (route a wire, move an element)
if a design rule is violated.

"Notify" writes a warning if a design rule is violated.

"Post-Edit" sets markers only if a design rule is violated.
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Cadence Layout - LVS

Compare Layout Versus Schematic

Assura -> Run LVS

B

|' = Progress =

Assura LYS Runin progress

Run Mame: runi

Run Dir: ASSURA_LVSinverter
Frocess |d: 6309 (ipc:14)

Start Time:  Jan 25 09:10:39 2016
Stop Run

‘Watch Log File...

m Cancel Help

Run: "runi" fram
fhomesdkirchnerskefAs3SURA_LY Sinverter

Schematic and Layout katch.
Do you want to view the results of this run®

Summary of LV Issues
Extraction Infarmation:

@ 0 cells have 0 mal-formed device problems
0 cells have 0 label short proklems
0 cells have 0 label open problems

Comparison Information:
0 cells have 0 Met mismatches
0 cells have 0 Device mismatches
0 cells hawve 0 Pin mismatches
0 cells have 0 Parameter mismatches

| __— Mo Help

wait! —

V5 Debug - runl

File iew Options Tools

Help

cadence

Cell List (sch || lay)

|  Extract & Compare

I
Summary (sch || lay)

#++ Schematic and Layout Match

|'-- Run Assura LVS
Schematic Design Source  |DFI B Use Existing MNetlist Metlisting Options...
Use Verilag Tap Cell
Library test Cell  inwerter Yiew  schematic Browse...
Layout Design Source DFIl B IUse Existing Extracted Metlist J
Library test Cell  inwerter Yiews  layouk Browse...
Run Mame Run Directory  ASSURA_LVS/inverter
Run Location local n
Yiew Rules Files ¥ Technology c3obdcd B Fule Set [Full B
Extract Rules g Sams /410 ass0ra/c35b4 /o 3Ebd fextract. rul Wiem. Reload
— Compare Rules  fprogs/ams/410/assura/c35hd /o35hd fcompare . rul Wie...
—_—
Switch Mames  no_info resimulate_sxtracted Set Switches
— Binding File(s) ,-"prog’s,-"amsfﬁlliﬂ,-"assura,-"c:35h4,-"c35b4fbind. rul Wie...
— RSF Include wrogs/ans MAY] fassura/cibbd /o3bhdc 3 /LVSinclude. rsf Wie...
Yariable Yalle Default Description
Maone B
‘ Wiew avParametars Modify avParameters... 2 avParameters are set. ‘
‘ Wiews avCompareRules _ hiodify avCompareRules... 13 avCompare rules are set ‘
| Wieww Additional Functions L Mo additional functions are set. |
ancel | Apply Defaults Load State Save State Wiew REF Help

Necessary for QRC parasitic extraction

ams says: "Do NOT use the resimulate_extracted switch because
in that case substrate shorts (soft connections between
different nets via substrate) might not be found correctly!

http://asic.ams.com/hitkit/hk410/assura/assura.html
17.12.2018

e sEchematic Eell..

e lLaynutCell..

Dipen Tl

5]

Dann fehlen im av_extracted die design layer

That's what we want to see!
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Cadence Layout - DRC

Assura -> Run DRC

Run Assura DRC

Layout Design Source  |\DFI B Compare two layouts Generate Lyl Compare Rules... o
Library test Cell  inverter Wiew  layout Erowse...
Save Extracted View _ ViewMame drc_extracted

&rea To Be Checked | 3pecify Area B Coordinates 1. 600000 7.300000:20. 250000 Select Area

Run Mame 1 Run Directory ASSURA DRC/inverter

— Here you may open the
i | | L~ . . .
Fun Location e B g rule set file for information.
. . Wiew Rules Files ¥ Technology c35hacs n Rule Set |dfll Contains all the rules like
Set these switches to avoid _ _ . . .
I Rules File Fprogs fans 410 assura/cashd /c38hd fdre. il View.. Reload distances, overlap, min. width
some messages (see below!). e _
" " Swite no_coverage no_info Set Switches et Cetera.
What does "Coverage" mean? : —
REF Include rogsfams 410 assura/c35hd /o3bbdcd /DRCinclude. rsf Wiew...

m Cancel | Apply Drefaults Load State Save State Wiew REF Help

The DRC run “inverter” fram
“Yhomedkirchner'ske_2017/ASSURS_DRC/inverter"
has completed successfully.

Srur Lapar Yilnsdou Do you want to viewrkr'e results of this run’
File %iew Error-Yisibility Show Error by Help |
[ [ 11] # INF0: C35B4/C35E3 ASSURA DRC DECE (REVY DATE 26-Apr-2011) Last modified 29-0ct-20 ’— @ Mo | Help

v

[#] (=]

[1] irverter layout test )

Av] ] =3
[TIi] 19F0: hot nwell

[ 111 PO_R_1 Mirnimum density of POLYL area [%] = 14 Mo DRC errors found.
| [1] Ml R 1 Minimum density of MET1 area [%] = 20

I:l [1] # INFO: C35E4/C35B3 ASSURA DRC DECK (REVY DATE 26-Apr-2011) Last modified 29-0ct - @

LT - R 4|

L L

That's what we would like to see!
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Cadence Layout — DRC with Errors remaining

Example for an Error Message:
Here: Pin is not fully covered by metal

Violated Rule

Browse violated rules Browse Errors (if multiple)

File View VError-¥isihility Show Errar by h— He\p|

D [1] Warning: Ho MET1 on MET1 Pin

| | [1] Warning: No METL on MET1 Pin

LI
View -> Error Report
Violated Rule
Nexl[ Rule No. 367Y : Warning: No MET1 on MET1 Pin
= |
Cell Mame In cell Errors Real Errors Instances Enwironm
inverter layout test
Erw. Tnst Cownt @ o ® o
1 1) [4.950 8.950 5.z00 9,450
Shape Environments Status & Error Marker
1 il Tl 2 T2
1 B 4,950 8.950 E.200 0.450
< il
.-11 L16

Position in Layout

— POSition in Layout

Solutions:
Extend wire to the right or

17.12.2018

IGS / Uni-Rostock

add a rectangle in MET1 covering the Pin
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Cadence Layout - DFM
Assura -> Run DRC

Run Assura DRC

Layout Design Source  |DFIl n Compare two layouts = Generate Lyl Caotipare Rules
Library test Cell  inwerter Wiew  layout Erowse
—

ave racted Wiew _ W I drc_extracted .
e B S OPtion: extended ruleset DFM:
Area To Be Checked Specify Area n Coordinates .. 200000 &, 75000021, 200000 Select Area . .

Design For Manufacturing ->

———

Run MNate Run Directory  ASSURA_DRC/inverter

Run Location local n
View Rules Files ~ Technology c35h4c3 n

Coverage of all but upper metal
layer et cetera.

. _/ Rules File cogs,famns 410 /assurasc35h4 /o35hd 3 /df
no switches! —1
mﬁm Set Switches
. RSF Include rogs/ans /410//as5ura,/c35b4 /e 35b4c3/DR0inc lude. raf Wiew
Warlahle Wallg Default Description
Mone '
‘ Wiew avParameters Modify avParameters 4 avParameters are set |
Errors because we did not use
‘ Wiew Additional Functions (. Mo additional functions are set |

some layers.
Interesting for a top layout.

Enable limitDreCheck L ‘

m Cancel ;| Apply Defaults Load State Save State Wiew REF
i i 2

Help

Error Layer Window

File ‘View Error-Visibilty Show Error by Help

[ I1] DFPMO001 : nissing MIDOX design must contain all pracess layers |

) nyj (] [+] £ m
[1] inverter lagout test =
(1] DFMOOO0L 1 all process layers

[1] DFMOOOL : nissing HRES design must contain sll process layers

(]

[1] DEMOOOL : nissing VIAL design must contain oll process layers

[1] DFMOOOL : missing MET2 design must contain all process layers

[1] DFMOOOL : nissing VIAZ design must contain sll process layers

|
|
|
[1] DFMOODL : missing MET3 design must contain all process layers ]
|
|

[1] DFMOOO0L : missing VIAY design must contain all process layers

[1] DFMOODL : missing METZ design must contain all process layers ]

[
[
[
[
[__[1] DFMOOO1 : missing PAD design must contain all process layers
[
[
[

[1] # INFO: G3SE4/C35E3 ASSURA DFM DRG DECK (DOC ENG 301 REVE DATE May-2014) Last modified 23-Jun-2014 #

_KI = R
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Cadence Layout - ERC

Electrical rule check is included in DRC.
There is no separate rule check in the ams-HITkit.

Starting ERC with Assura -> Run ERC opens a form similar to DRC
with no technology selected and either rule files.

Up to now no verification for this.
Separate ERC-usage found nowhere.



Cadence Layout — QRC — Parametric Extraction

QRC -> Run Assura Quantus -QRC

no changes

Quantus QRC (Assura) Interface

LI G/ home / kir chner /ske2@18/ASSURA_LVS/inverte

Runtame  (nverter [

seit 6.1.7 dazwischengescha

QRC (Assura) Carasitic Extraction Run Form

Setup Extraction Filtaring Netlisting Run Details

— p2lvsSet MOME = UserultRulesets

Technology |C35hdcd B RuleSet (Typical B

— Setup Dir fprogs/ams /410 assura/ci5bd /c35hd /RCE-typical

— Include Command File

Rule Command File Include

— Tech Cmd File |User |

Qutput  Extracted Yiew B Lib test Cell  inwerter

Enahle Cell¥iew Check

Parasitic Res Component presistor aulws PRIMLII  Prop ld
Parasitic Cap Component m Frop Id
Farasitic Ind Companent pinductor aulws PRIMLII  Prop ld
Parasitic b Component pmind auLwvs PRIMLIB Prap Id
Inductance L1 Prap Id indl Inductance LZ Prap |d

Wiew av_extracted

Call Procedure

Substrate Extract L Extract MOS Diffusion Res
Ewtract MOS Diffusion AP LJ Add LWE MOS Diffusion Res
Substrate Profile MNONE B Extract MOS Diffusion High

Library Prefix

Library Directory

oy
B Il

G

during the hierarchical extraction of an extracted view.

@I concel Defauts (_Apply (Load State | Save State

Library Directory: Specify a directory for writing local libraries created

- B
C I

Wiew Command File

Setup

Coupled C: net to net (signals)
Decoupled C: net to power and ground only

QRC (Assura) Parasicic Extraction Run Form |

Filtering etlisting Run Details Suhstrate

Extraction Type

Enablt  Run Dir:

cell n=me,| | Stop Run

Watch Log File... @
(oK _JN —

&

RC n MName Space Schematic Names B — use gnd' or VCC!

Mg fracture length

Cap Coupling Mode  Coupled n Ref Made qnd?

Mult Factar 1[|7 Difiusion Equation R v
FEEC Muode Ladder Metwork Global Freguency MHz
Selest, User Region . e, Edlit
Met Selection Type  Full Chip &l MNets B GRCFS Extraction Mode |[NONE ‘g
Layer Setup Customization _ Editi... Exclude Via Capacitance
f QRCFS High
Resistance Mesh =) It
Select. R hesh User Region Wiew | Edit

From File
SelFromEch

- 4

SelErarlay)
i Progress Form |

GIRC Run in progress

Run Mame:

FProcess ld:

Start Time:

e — e —

infinite microng n Temperature 250 C | Edil |

runl

fhomedfkirchner/skerAS5URA_LY Sfinverter

BEIT (ipc:l 6 The QRC run "run1" completed successfully
The output is in :

Jan 22 11:11:15 2016
Library: test
Cell:  inverter

wa |t ! B > Wiew:  av_estracted

Cancel Help
e e L i
|V|ew Command File Help ‘

17.12.2018
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Cadence — QRC — Extracted view

Open View "av_extracted" in Library Manager Launch -> Plugins ->Parasitics : New Tab "Parasitics"
Maybe you must select all layers (up to 32) in Options -> Display once more Parasitics -> Setup Parasitics (gnd! and vdd! as reference nodes)

K]
i

N

Parasitics for net /in0O

Display: » R o decoupled C & coupled © L _ K
S 3] 1.95 F3in0
o R 106.6 FB:in0
o 3] 316 Fa3ing
s 3] 1158.5 Fa3ing
gl 3] 79.89 F4:in0
red 3] T74.51m #1:in0
. frez . =] 1.932m f2iin0
In Schematic or av_extracted view:  « 1.932m 4ind
oge oA a 13.06 faind
Launch -> Parasitics : New Tab "Parasitics" St 7
oge A S C e g w o T.955a Fa3ing
Parasitics -> Report Parasitics -> net : Select with cursor e ing
In Schematic Parasitics -> Show Parasitics : Lumped values fane
Try also: net to net o - faeas ming
1 1 et} i G971 Falaln]
terminal to terminal (r) P = aazia prsen
. . . . . fingsis) [ 10.25a JSaind
Viewing parasitics may be interesting. " = SRS e
More important is their use in postlayout simulation.

They will be included in simulation netlists.

17.12.2018 IGS / Uni-Rostock
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Cadence — QRC — Post-Layout Simulation (ADE-L/XL)
We need different models for the UUT (inverter)

Open testbench (schematic)

Save as a new testbench and open it.

Copy the inverter and its load.

o| wdd

the output signals!

By
wde=3.3
C— aem=1

Orin CIW: .
File -> New -> Cellview

I Use differentnetnames for  £111 Conficuiation

Original schematic

Netlist with extracted parasitics.

\

File
Library test n
m schematic_postlayout
Wiew config
Type config n
Application
Open with Hierarchy Editor n

_ Ahvays uzd this application for this type of file
Library gfath file

pifle /kirchner fskefcds. 1ih

Top Cell

Library: test

Cancel Help

dnverter - outds

Description

Cell inverterest_postlayout n
= inverter at
’ S C o Wiew: | schematic n
il
O |
D] e | Glohal Bindings
- Library List: test
I i =m. Wiew List spectre cmos_sch schematic veriloga ahdl
L Stop List lspectre I
gl;\d B e
~ T Congtraint List

[+ . Rl

o=Cload §=1G:
I

17.12.2018

J;m

Default austriamicrosystems template for spectre

Use Template

Template

Mame:

Fram File: $/CE1G/sharedcdssetupshierEditortemplatesispectre

m Cancel Apply Help

——

Begin here!

IGS / Uni-Rostock

Template will fill the form
in backgro&ﬁd.



Cadence — Post-Layout Simulation (ADE-L/XL)

Eile Edit view Flugins Help cadence
o= dlz e QIEGIR B ¢ J
| Top Cen [7/8)x] [_Global Bindings |7 X

Library: test Library List: test

Cell:inverter_postlayout View List: schematic veriloga ahdl

WiEs:  gchematic

Stop List: spectre '
Cpen Edit ADE L Cuonstraint List: .
Tahle View Tree Yiew
Target: Instagce
Instance Wiew To Use | Inherited View List |

B¢ (test inverter_postiayout sc
b Q C0 {analoglib cap spec
(20 C1 fanaloglib cap spec...
B+ [ 10 ftest inverter schemat...

() RO (an
+ () R {anal  Explain.
@ vo@Eng  open

(2) W1 (ang

Cpen {Read-Cnlyy...

specire cmas_sch schematic verilo

specire cmos_sch schematic verilo.
specire cmos_sch schematic verilo.

<I0NE >

av_exdracted

layout
schematic

Expand Instance

Expand By Instance Group
Expand Subtree

Collapse Subiree

symbol

(3 Specify SPICE Bource File...
(34 Specify Refererjce verilog.
[ Mark as Externpl HOL Text (AMS UKL anly)

Add Stop Point
Remove Stop Point

Remove Bind To Open

Add Bind To Open (Skip Instance)..

Il Mamespace: CDBA&  Filters: OFF

2033) | -

File Edit ¥iew Plugins Help céden ce
”| 1 = E | @’ Bk G ) | u::—E, | m [[5] Update Meeded
| l
| Top cell 7i8)%| |_Global Bindings 7.8 %
Library: tast Litrary List: test .
Cell:inverter_postlayout View List: schematic veriloga ahdl | .
—
Yiew:  schematic
Stop List: spectre .
e
Open Edit ADE L Constraint List: .
Tahle Wiew Tree Yiew
Target: Instance
Instance Wiew To Use | Inherited “iew List
B {test inverter_postiayout sc..
(20 C0 {analoglib cap spec... spectre cmos_sch schematic ver.
() C1 {analoglib cap spec.. spectre cmos_sch schematic ver.
B+ 10 (test inverter schemat... spectre cmos_sch schematic ver..
(L) MM (PRIMLIE nimo... spectre cmos_sch schematic ver..
=) MP1 (PRIMLIE pmos... spectre cmos_sch schematic ver.
=8 13 (test inverter av_extra... av_exdracted spectre cmos_sch schematic ver.
() WNT (PRIMLIE nmo... spectre cmos_sch schematic ver.
- () WP (FRIMLIB prios spectre cmos_sch schematic ver
spectre cmos_sch schematic ver..
- (g) avDd3_1 (PRIMLIE .. spectre cmos_sch schematic ver.
=) e1 (PRIMLIB peapa... spectre cmos_sch schematic ver.
-~ 20 c2 (PRIMLIB pcapa... spectre cmos_sch schematic ver.
() ©3 (PRIMLIB pcapa... spectre cmos_sch schematic ver.
c4 (PRIMLIE pcapa. spectre cmos_sch schematic ver...
@ 5 (PRIMLIE p | Y : B C ma
~ () cb (PRIMLIB pcapa... ) spectre cmos_sch schematic .
) ©7 (PRIMLIB pcapa... spectre cmos_sch schematic ver.
~- ) o8 (PRIMLIE pcapa. f spectre cmos_sch schematic ver..
|
|
Il Mamespace: CDB#& Filters: OFF U‘Jdaie Meeded
2032) | = | 1
Parasitics

Replace (use RightMouse -> Set Instance View ) schematic by av_extracted

Now we have two different models5or the two Inverters.

17.12.2018
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Cadence — Post-Layout Simulation - Result
Open the configuration in Library Manager

=l Open Configuration or Top CellView x
Open for editing

Caonfiguration "test inverterest_post config” 2 yes . no
Top Cell ¥iew "test invertertest_past schematic” % yes o no TO perform Simulation see S“deS above
ng: H n
@€ cancel Hep from "Simulation ADE GXL Start
Transient Response
M fout_schematic
M fout_tyout
W in
3.2
\ 1
5 / i\ 2.4
150% _ \ ]
E’ 1 40ps E’
1 : | Ill".‘lll‘".l 16 4
i / II‘\.\
20%-
1 - go--___ - —,——.———————————————————————
I B e e e B e L e o e e e e L o e e 00 . L0 Ls 50 is 30 35
95 1.0 1.05 11 115 1.2 1.25 13 de o)
time {ns)

OK, delay increased by some ps

OK, isible ch
Shown for C;,.4= 4 fF. Less difference for higher load. O VIsIble change

(if Cpoaq is higher parasitic capacitors have less influence)
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Layout 3D View

GDS3D from University of Twente, NL

Needs a technology file (layer thickness, pitches). Generated for AMSC35B4 from process parameters.
Needs initialization for Cadence integration, but may be used standalone.

Automatic initialization does not work yet. For manual initialization observe the last output

after CIW start.

Virtuoso® 6.1.5 - Log: fhome/kirchner/CDS.log

File Tools Options Help

Virtuoso® 6.1.5 - Log: /home/Kirchner/CD5S.log

File Tools Options [CD-Tools Help cadenc
1

B

Loading ams. cxb
Wirtuoso Framework License (111) was checked out successfully. Total

To get new Tab "ICOD-Tools" for 3D-GDSII-Display in COW execuw
load "/progs/GDS30_1. 8/skill /icdGDS30. 11"

To get new Teb "ICD-Toolk" for 30-GDSII-Display in CDW execute following commend marally:
Lload "fprogs/CDS30_1.8/skill1cdiDS3D. 11"

load " /fprogs/G0530_1.8/sH111/1cdGDS30. 11"

GDS3D v1. 8 has been initiklized.

-

0 il oW

< il G load " /fprogs/G0S30 1. stki\ 1/icdBDS3D. 11" ey
load "/fprogs/G0S30_1.8/skill/icdsDS30.il" | v \ i
- AL il QLI

nmouse L: Il: R: Tmouse L: -

1| Ioad “fprogs/GDEE0_1.8/skillficd GDEE0.0" ﬂ

1]

\ M:
\

With a layout opened we can make a GDSII-Stream and
run the GDS3D tool. ICD - Tools

In the GDS3D-tool use F1 to see the (game like) usage.

Do not use the normal streamout from CDW (File -> Export -> Stream) because GDS3D

uses a separate directory for the gds-File!

17.12.2018
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Virtuo=n® 6.1.5 - Log: /home/kirchner/CD5.log

File Tools Options hitcit [[ERETIEN Help

Writing GDS for test/opv]
GDS written successfully
Starting GOS3D. .

Layout -= GDS3D
Run GDE30

ds/opv. gds, please wait. .

-
A
I Il

nmouse L: Id:

1 | hitkit: ams_4.10 Tech: c35h4c3 User: kirchner

ICD is simply Integrated Circuit Design group
at Twente University)
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Layout 3D View

OB Substrate *
B N-Hell
K P-Plus
B N-Plus
B DIFF

[ MIDOX
B TRENCH
0O & METCAP
ORPOLY 1%
EPOLY 2
O K Contact

OR Substrate *
B N-Hell
K P-Plus
K N-Plus
B DIFF

B MIDOX
B TRENCH
O X METCAP
ORPOLY 1%
R POLY 2
OR Contact

O Hetal 3
ORVia 3
O Metal 4

MET1 display deselected.
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Advanced Simulation
Monte Carlo simulation using matching parameter
Open testbench schematic -> Launch ADE-XL -> existing view ADE-XL (assuming we have such a view already)
Use one of the tests from the normal schematic simulation
Here we use the dc-analyses to investigate the transfer characteristic.
RM over name of the test (e.g. test:name:19 = "Open Test Editor"

With Setup-> Model Libraries: Select cmosmc for the transistors (we have only transistors here we could select ...mc for other parts)

[z ADE XL Test Editor - test:invertertest:2 (][] [x]
Session 5§L_Jp Analyses Variables Outputs 5Simulation Results Toods Help CE dence

B ST 68 de

Design Variables

&
=
[al

e Dubbleclick here to open choices

|Model Ale |section |

El- Global Model Files P
ol Iprogs/ams/410/spectre/c3 5/soac/processOption.scs _—
/progs/ams/410/spectre/c3 5/spac/cmos53.5cs
ol /progs/ams/410/spectre/c3 S/soac/res.scs cmostm L
- ¥ [progs/ams/410/spectre/c3 S/soac/cap.scs Cmoswp —
- W [progs/ams/410/spectre/c3 Sfsoac/bip.scs CIMOosWs @ L..
- ¥ [progs/ams/410/spectre/c3 Msoac/ind.scs CMOSWo -
- W [progs/ams/410/spectre/c3 Sfsoac/esddiode.scs CIMOSWE
__ <Clickhere to add model fie> cmostrmwn 3@
p—

- ———— ...mc— Monte Carlo

m Cancel Apply Help

g | A

2(4] | Edit Variables ... | Status: Ready | T=27 C | Simulator: spectre | State:testinvertertest:2_active IJ

K.-P. Kirchner, Uni Rostock, Institut GS



Advanced Simulation

Monte Carlo simulation using matching parameter

We want to see the switching point (V,,,; = Vi;) and the noise margin for "low" and "high" output.

dleriviy(fout_sehematic” ?result *de*)) Wed Mar 16 13:54;38°5016 1

2: \\ //
. \ |
, N |
2 | Differencetognd (0V) <«2— “ | Difference to vdd (3.3 V)
1 90 E |
a0 | |
.o |
|
' ||
48 - | |
44 = H
We investigate the following expressions:
Switching point: cross(VDC("/vout") 1.65 1 "either" nil)

Low logic value noise margin: cross(deriv(VDC("/vout")) -1 1 "either" nil)
High logic level noise margin: (3.3 - cross(deriv(VDC("/vout")) -1 2 "either" nil))

To set the output expressions: "add expression” - > open calculator



Advanced Simulation

Monte Carlo simulation using matching parameter

» || Monte cariosampiing

Be & 00

[peteresce:|

" @ A (R) Visualization & Analysis XL calculator

& ivertertest

Outputs Setup

£ aded %

Results

H-% % O)%IE den-1Q O

Fle Tods Vew Options Constants Help

||H InContext ResultsDB: none specified
!

Test |
testinvertertest:2
testinvertertest:2
testinvertertest:2
testinvertertest:2
testinvertertest:2
testinvertertest:2
testinvertertest:2

Here RM and "add expression" ?

F

Name | Tyee | Details
signal  Jvin
signal  Ivout

expr | deriv{VDC("Aout"))

switching point expr cross(getData('/vout” Presult "dc”) 165 1 "either’)

noise margin low expr  cross(deriv(VS("ivout”)-11 "etther” nil nil)

noise margin high expr (3.3 cross{dermVS("Aout'])-1 2 "ether” il nil))
expr

ot L mp

|l app plot erpiot | e
vs Cos[Cop

— vt | —
&5 testinvertertest:2
Uit | Oide | Ui
|

|~ o "Ml aiip | r,{‘,r\ ] A
A B3 | derifvocr ot

_ opt _ var

& B

Rectangular

PRINERI-R
TR FET| -

o) )l o D B 20| B g fe

Stack & ]

[ Function Panel

Al '_&Q

1ix asin compare dB10 gmax harmonic integ]
10%%x  asinh compression  dB20 gmin harmonicFreq inter)
PN atan compressionVR1 dBm exp frequency  gmsg histogram2D  ipn
Rn atanh conjugate delay TeAperture ga gp ifreq ipn
azd average convalve derly  eyeDiagram gacfreq  gpefreq  ih itimdg
abs bif cos dft. fallTime gac_gain gpc_gain  iinteg k[
abs jitter bandwidth  cosh dftbb firstval ganBwProd groupDelay imag lasty]
acos  busTransition cross dnl fii gainMargin gt inl In
acsh  clip d2a dutyCycle fourfval  getAsciiWave gumx int load
B .

E [

Function Panel | Expression Editor

statusarea

d

cross gives the vin-value if deriv(vout)=-1

first time

Function Panel

Select DC-signal vout
from schematic

Use the deriv and cross functions

|an B~ Q

Cross

signal |derivivDC("vout']|

Threshold Value -1

Edge Number 1

Edge Type either

OK | Apply | Defaults

Help | Close

For the LOW noise margin we use the "cross"-value, for the HIGH noise margin we use 3.3-"cross"-value

T R R == R la v vt

[ ettt = b

-

q

crosslderi'.{\.":)’:[ fout_schematic™)y-1 1 "either” nil nil nill

K.-P. Kirchner, Uni Rostock, Institut GS



Advanced Simulation

Monte Carlo simulation using matching parameter

w

) ||lh-'|onte Carlo 5ampling

n] w@ o A”F eference: |

&

4

& inverte rest & aded
Outputs Setup Results
o~ X

*

% ORI den-|O O

[ Monte Carlo

Statistical Variation
w Process 0 Mismatch

Test |
testiinvertertest:2
testinvertertest:2
testiinvertertest:2
testinvertertest:2
testinvertertest:2
testinvertertest:2

Process: Doping, thickness

Marme

switching point
noise margin low
noise margin high

| Type
signal
signal
expr

| Detail
in
fvout
deriviVDC(" Arout" J)
cross(getData("fvout” Fresult "dc") 1.65 1 "eit
cross{deriviVs(" Avout ) -1 1 "either” nil nil},
(3.3 - cross(derbviVS(" Arout")) -1 2 "eithep” nil ni

Mismatch: Doping: local variation (number of charges differs statistically)
Geometry: Edge uncertainties

See it running in the buttom left corner

History Item | Status

MonteCaro.34

Bl mebmd el T3

Wnning - 45/1000 complete

It is possible to vary selected partsonly |

Sampling Method
Random

& Al

Numker of Points

— Auto Stop

Yield Ve rification

—

# Save Process Data
Save Mismatch Data

Other Options
__ Use Reference Point

Monte Carlo Seed

— Starting Run Number

—>

# Run Nominal Simulation

Results Database Save Options

— Save Data toAllow Family Plots

specify Instances/Devices (Exists)

Cancel
p e

_hHelp

K.-P. Kirchner, Uni Rostock, Institut GS

n simulation runs with
random values



Advanced Simulation
Monte Carlo 5|mulat|on usmg matchmg parameter

Launch Hle Create Tools Options Rum EAD Parasitics/LDE  Window Help Caden(e

e ady e F O 26 1B B 8 e B & J
l"ll"lc‘Parasiu'cs.FLDE n %3 |~'\;J »JllMcnte CaroSampling n %3 LCrg @ o Jler."erem:e:L Bl (i @

1 # aded ¥
Plot Histogram - MonteCarlo. 19 \ %
Results cross(VDC("/out_schematic”) 1.65 1 "either" nil)
— B _ 1800 . memEOC r._mm-n r]-m.-m”
utputs = 7 =, i -0
B Number of Bins 20 W e | gi] E2 v| |£ ~|Replace B -@ m @ E@ E ]
— — 160.0
8 Type Name | vied | Min | Target | —~Max | Mean | StdDev | 1
FiseTime(VT{"Jout_schematic") 3.3 ril O nil 20 80 ni "time"} PlotMode 10 %(500 passed/500 pts)  Confidence Level: < t= Filter: <not set> o ] -
falTime(/ T ot schematc) 33 il 0.l 60 20 il e Annotations 2 1200 1 —
c ' Density Estimator tchi oint o0 1.617 info 1.677 1.64% 9.952m 2 ] 5
crossVDC("/out_schematic”) 1.65 1 "either” nil} v g P £100.0 4
& Std Dev Lines se margin low 100 1.354 info 1.419 1.39 9.4m & 3
se margin high 100 1.302 info 1.361 1.331 B.833m Zw00 2 2T H o 2 -~
H _ S Markers . . . . S ]
Select expressions g =
_ ShowFaints 07
. | , _ 1
to dlsplay here! U 3 | (L) MonteCarlo24 | () MonteCario.25 | () MonteCardo.26 | () MonteCarlo27 | () M 400 ]
__ Normal Quantile Plat M: 200 |
00

|y e
[T T T e T T T T T T T T T T T T T T T T T T T T T T T
1615 1.62 1625 163 1.635 164 1645 1.65 1655 166 1665 167 1675 168 1685
Values

combine

OK Cancel Defaults

Number of intervals, Result' Histogram

plots show 20 intervals

¥ (3.3 - cross(deriv(VDC("/out_schematic")} -1 2 "either" nil)) 1
cross(deriv(VDC("/out_schematic”)) -1 1 "either" nil) 2
(3.3 - cross(deriv(VDC( f8ut_schematic”) i1 2 "sither” nil)
170.0 - mcrosstdenvvDC(fBut schematic’) F 1 "either” nil} 160.0 - J
160.0 4 ] Pas = 1144/1 2 E B Pass _1144/1144
E 7 Mean = 1.364 1400 ;'lsag E 1,1‘;6307355
4 i( = .
1400 1 Stfl Dev = 9.45875m E
] Z 120.0 -
1200 7£7
p q 7 g B‘ o 100.0 -
EIDUO 4 %. - —
& ] 5 500
e 80.0 H H o =
-30 -20 a 20 30 - : . : 3
s 1 7 B E 30 -20, 1] a 20 30
z 5 3
600 1 £ 60.0
400 E
] 40.0 -
200 -+ = p £ 3
| Lerd o A e
e N e L N e e e L S L R L R U R R SRR D U R R e ]
1325 1.335 1.345 1.355 1.365 1375 1.385 1.395 1.405 0.0 - —
Values MM T T T T T T T T e e e e e e e e T T T T T T T T T T
1.32 1.33 134 1.35 1.36 137 1.38 1.39 14
Values

Distribution of noise margins (mismatch only) b Kirehmer Uni Rostock ettt 68



140.0 -

12005

60.0

No. of Samples

'S
S
=}

20.0

0.0

Advanced Simulation

Monte Carlo simulation using matching parameter

Low level margin

Switching Point

cross(deriv(VDC("/out_schematic”)) -1 1 "either" nil)
m cross(deriv] lDC(‘/oul_schemaj 2)-11 "either” nil]
3 Pass = [144/1144
Mean =1.36374
Std Devj= 54.7831m
_ 30
2 N IS -9
P of BOo 2fo} (CIF: ‘s p CN—
! |l el | 1 I i} I I ! I I I L I I I
116 12 1.24 1.28 1.32 1.36 14 1.44 1.48 1.52 1.56
Values

cross(VDC("/out_schematic”) 1.65 1 "either" nil) 1
160.0—, ™ cross(VDC(out Behematic?) 1.65 either” nil
: Pass 4 1142/1144 ($9%)
= 1.64886 =
140.0 - v = 51.6830n
120.0 -
« 100.0 -
2
=% -
E
& 80.0 -
s _ 30 20 30
2 60.0 -
40.0 -
20.0 -
G : ¢ SA B3
0.0 - 20 ¥ %% 574, 180 b, [Sosl ity Vo TP S BC Gt
| IRALERA LAY LI AR Mt [RCHARA RN (KA B Ak bl AL RAEDA RN B D) bl B KR b i LA i |
1.44 1.48 1.52 1.56 1.6 1.64 1.68 172 1.76 18 1.84
Values
(3.3 - cross(deriv(VDC("/out_schematic")) -1 2 "either" nil)) 2
150,0—, ™33 - crossidfriv(vOC(fout scllmatic™)) -1 2 "eifler” i) = Monte Carlo =
140.0 - w Statistical Variation
& 57.4219m | \ Process . Mismatch All ‘
120.0 -
G Sampling Method
100.0 -
8 3
£'800 -
& 80
s 7 30
2 60.0 -
= ¥ /save Process Data
408 |/ Save Mismatch Data
20.0 = Other Options
3 __ Use Reference Point
00 4 - — # Run Nominal Simulation
i ity RS L b i ) il B Rl i T i i i) 1
114 118 1.22 1.26 13 134 1.38 1.42 1.46 15 154 58 1.6 __ Save Data to Allow Family Plots
Values

Distribution of noise margins (combined mismatch and process variaton)

K.-P. Kirchner, Uni Rostock, Institut GS
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_ Starting Run Number

Specify Instances/Devic es (Exists)

Cancel Help




Advanced Simulation

Monte Carlo simulation and yield prediction

Define (realistic) specs for characteristics: Inverter: Vipyp, Vinnigns Vmvow

Set Options for Monte Carlo Simulation:

LDS
sampling

||l|\l'|onte Carlo Sampling n S @ o j."P':'xE
z8x| ' )
Monte Carlo x ‘

Better than simple "Random". —
Better covering of the
n-dimensional input scope

Random
sampling

“~hon covered

area

Statistical Variation

‘ « Process & Mismatch . All

Sampling Method
Low-Discrepancy Sequence B

Number of Points
— Auto Stop Yield Verification
Results Database Save Options

¥ Save Process Data

N Save Mismatch Data

Other Options

— Use Reference Point
— Run Neminal Simulation
» Save Data to Allow Family Plots

Monte Carlo Seed

_k Recommended to
- __— have enough samg

— Starting Run Number

Specify Instances/Devices Mot Specified)

Cancel Help

From: https://community.cadence.com/cadence_blogs_8/b/cic/posts/the-art-of-analog-design-part-2-monte-carlo-sampling

K.-P. Kirchner, Uni Rostock, Institut GS



Advanced Simulation

Monte Carlo simulation and yield prediction

Set specs in adex| outputs window: low level margin >1.2V
high level margin > 1.2V
1.50 V < switching voltage < 1.80 V

”Mcnte(ancsampling n%} Erd @ @ l||Fr=:r="r=”C"=L I R @

ZIEX| £ aded % | @ jnvertertest

QOutputs Setup Results
&~ %% MR 0 J -0 O
Test | MName | Type | Details | EvalType | Plot | Save | Spec
testinvertertest:1 signal fin point L4 =)
testiinvertertest:1 signal fout_schematic point » L
testinvertertest:1 expr deriviv("out_schematic" fresult "dc")) point I
testinvertertest:1 expr riseTime(VT("/out_schematic") 33 nil 0 nil 20 80 nil "time") point L4
testinvertertest:1 expr fallTimeVT{"fout_schematic") 3.3 nil 0 nil 80 20 nil "time") point L
testinvertertest:1 expr (3.3 - cross{deriv(VDC(" fout_schematic")) -1 2 "either" nil)) point i
testinvertertest:1 expr cross(deriVDC(" fout_schematic")) -1 1 "either” nil) point i
testinvertertest:1 expr cross(WVDC("fout_schematic”) 1.65 1 "either” nil) point » 1.504 1.80

||lMonteCar1aSampling n% S ‘3 @ A||F’-'"":"’=”C’-'|_ Dl e @

FIEIX| £ aded ¥ | “® ivertertest

Outputs Setup Resuits

@ o %TJ [l 'llﬁ w Replace nr@ ﬂJ @ [@ @ E | Hl

Test | Cutput —| Min | Max | Mean | Median | StdDev | Spec | PassiFail |
testiinvertertest:l | riseTime(VT("fout_schematic") 3.3 nil O nil 20 80 nil "Gme") | 301.4p  470.6p 3787p 376.3p 29.17p
testiimvertertest:l - fallTimeVT("/ out_schematic") 3.3 nil 0 nil 80 20 nil "time")  268.5p 441.7p 341.1p 339.7p 26.8p

testziinvertertest:1 | (3.3 - cross(deriv(VDC("/out_sche matic")) -1 2 "either" nil )} 1.521 1.36 1.361 57.22m =1.2
testiimvertertest:1 cross{deri{VDC[" /out_schematic")) -1 1 "either" nil) 1.22 1.526 1.367 1.367 55.35m >1.2 pass
testiimertertest:1 cross{VDC("Yout_schematic") 1.65 1 "either" nil) 1.51 1.651 1.651 51.77m range 1.50 1.80

K.-P. Kirchner, Uni Rostock, Institut GS



Advanced Simulation

Monte Carlo simulation and yield prediction
Next slide!

:lllMonteCar‘loSampling n% & @ o A"Fc_:erc-ncEL e %@}

Zi?ﬂ & aded ¥ | & jnyertertest

Outputs Setup Results
wo B0 O|% M6k box B @ =08 LEIGY
Test | Mame TR E N ¥ T Target | Max | Mean | SwdDev || Cpk || Errors

Yield Estimate: 99.9126 (1143 passed/1144 pts) Confidence Level: <not set= HAlter: <not set> ]
ﬁ TESCVErtar te st T

riseTime(VT("/out_sche matic") 33 nil 0 nil 20 80 nil "time") 100 301.4p info 470.6p 378.7p 29.17p ]
fallTime(VT{"/out_schematic") 3.3 nil 0 nil 80 20 nil "time") 100 268.5p info 441.7p 341.1p 26.8p ]
(3.3 - cross(derhVDC("fout_schematic")) -1 2 "either" nil))  99.91258... 1.178 =1.2 1.521 136 57.22m 0.93 ]
cross(derivfVDC("/out_schematic')) -1 1 "either" nil) 100 1.22 =1.2 1.526 1.367 55.35m 1 ]
cross(VDC["fout_schematic") 1.65 1 "either" nil) 949.91253... 1.51 range 1.50 1.80 1.807 1.651 51.77m 0.956 ]
N——/
"ll\l‘l{:nte Carlo 5ampling n %3 L5 @ @ ||Fc—‘c—rc—ncc— | | = I %}
A
FIEIX] £ aded % | @ jnvertertest
Outputs Setup Results
¥ — I Al = it =T
RO OO ek e BE A EREEEDREGRE
-
Test | Output —| Min | Max | Mean | Median | StdDev | Spec | Pass/Fail |
testiimvertertest:1 | riseTime(VT("fout_schematic") 3.3 nil 0 nil 20 80 nil"time") | 301.4p | 470.6p | 378.7p 376.3p 29.17p
testiimvertertest:l | fallTime(VT("f out_schematic") 3.3 nil 0 nil B0 20 nil "time")  268.5p 441.7p  341.0p  339.9p 26.8p
testiimeertertest:l | (3.3 - cross(deriv(VDCO"fout_schematic")) -1 2 "either" nil)) 1.521 1.36 1.361 57.22m =1.2
testiinvertertest:1 cross( de i VD" fout_schematic")) -1 1 "either" nil) 1.22 1.526 1.367 1.367 55.35m =1.2 pass
testiimeertertest: cross{VDC("/out_schematic") 1.65 1 "either" nil) 1.51 1.651 1.651 51.77m range 1.50 1.80

Be aware that we did not change opereating environment (temperature, supply voltage)
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Monte Carlo simulation and yield prediction

Cp und C, Process Capability Statistics

C, shows the relation beetwen Engeneering Tolerance (specs) to the Natural
Tolerance (process) for a process with a distribution centered beetween
specifications. For the Natural Tolerance the 6o-interval +30 is commonly used

Lower

Upper s
pec
ff),si Limit : C. = USL —p
USL — LSL what the designer wants (specs) PT T 34
— upper or lower
p 60 what the process can deliver with high certainty limit only c = E” LSL
P 30

Mostly the distribution is not centered and the corrected value is used (maybe used

for centered distribution as well):
Mittelwert

minimum(USL — ), (u— LSL)
Cok =
30

If Cpr = 1then 99.73% of the samples will meet specs, for C,;, = 2: 99.9999998%

"Recommended": Values beetween 1.25 to 2.0 dependend on safety demands
> 2.5 area reduction possible? cost!

K.-P. Kirchner, Uni Rostock, Institut GS



Advanced Simulation
Corner Simulation

FEOL (front end of line) Corners: Transistors n-channel , p-channel
all processes used for individual parts (transistors, resistors)

"Fast" means "best": TT : typical n-channel- and p-channel-FETs
-thin oxide

-smaller length SF : slow n-channel-FET, fast p-channel-FET
-higher width FS : fast n-channel-FET, slow p-channel-FET

Corners affect not only speed but also transfer characteristics (dc-dc)

BEOL (back end of line) Corners: Wires

all processes after making parts -> wires, vias

Temperature, Voltage ams (and others);

TM: typical values - correspondsto TT

WS : worst slow — slow n and slow p corresponds to SS
WP: worst power — fast n and fast p corresponds to FF
WO : worst One —slow n, fast p corresponds to SF
W?Z: worst Zero — fast n, slow p corresponds to FS

transistors affected in similz



Corner Simulation — Corner Preparation

Virtuoso® 6.1.7-64b/-'Log: /home/tfa0l1/CDS.log

Hle Tods Options ICD-Tools Help cadence
Select Process Option - [
Add/Remove hitkt Libraries
Schematic Utilities » /
il |
R:
. Model Manager |
Layout Utilities l ‘

D ocumentation »

AMS5-Designer Preparation
INFO » & P

Modification of temperature

hitkit' Corner List'Tool

Corner Name tempera Vsupply cmos

corner@al 27 3.3 tm /.

corner@@2 a 3.135 wp

corner@@3 a8 3.135 wp

corner8 @4 a 3.465 wp

corner@@s 88 3.465 wp

corner@@é a 3.135 ws

corner@@7 Ba 3.135 ws

corner@@s a 3.465 ] "

cornerg9 88 3.465  ws -

corner@i@ [:] 3.135 wo

corner811 88 3.135 wo \l}

corner@i2 [:] 3.465 wo

corner@i3 8a 3.465 wo

corner@i4 [:] 3.135 WZ

corner@is Ba 3.135 Wz

corner@ie 2] 3.465 Wz

corner@17 Ba 3.465 Wz

i Remove Selected I\ Renam eGonners i Setselected in ADE ¥ Save File J
Cancel Defaults Applhy Help

Here we can see all the selected corners

hitkit corner definition tool &)
ator & spectre
Path toModels |/Erogs/amsia 10/spectre/c35/soac
Select Corners for Model Groups: autoselect >
— res tm Wp WS Change
_ esddiode tm 1bv hbv Change
_
— Gip tm | hs hb 1b Change
— Ccap tm Wp WS Change
| ind tm hg 1q i Change
¥ cmos tm Wp WS WO WZ i Change ]
—
CMOS Modelfile - ' cmos73
Select Variables:
» temperature 27 8 88 ¥ Remove ]
~  Vsupply 3.3 Remove
—
Additional Varia Be Add
|
Corner Name Prefix: corner
Number Of Comers: + 8 i Edit Comers -> J
Corner Definition Fie Kee p In-min d . Formac  (5db B
[ Corners File: corners .sdb" ]
Load Rle Save Ale As ..
L ——— [ S—————
| (c)ams AG w246 - 160308 |

K.-P. Kirchner, Uni Rostock, Institut GS




Corner Simulation — Import Corners

[ Virtuoso® Analog Design Environment GXL Editing: test invertertest adexI
Create

[E)(x]

cadence

RS = |

» |Reference:

launch  Fle Tods Options Run EAD Parasitics’LDE Window Help

No Parasitics/LDE 3 || single Run, Sweeps and Corners
- % £ oaden x|

COutputs Setup

v % Tests

(v & Global Variables

v @& Parameters
0

[aas |

L | Nominal 4
t Ir- M IS .
Documents
Setup States Import corners from CSV file

|_ Reliability Analyses
[ Checks/Asserts

Corners Setup

n | Lancel |

" | mportcorners from PCF i Lookin: B fhomeftaDi 1/ske2017c Beovesa@E
Temperature Comput. Sze  |Type  |Date Modified |
1 D esign Variables .abstract Folder 4 Dec..
Data | History Click to add tfal11 .cadence Folder
P S ‘tmp_tfadli Folder
|mBun2ummary Click to add ASSURA_DRC Folder
1 Ta?t Model Files Folder
¥ 1 Poirt Sweep Click to add Folder
0 Corner
Nemi Model Groupi(s) Folder
_Nominal Corner
Click to add Folder
Tests Folder
o .cinvertertest:2| W Folder
of Folder
1
8 | corners

4

nmouse L:
lm— SDB - o i * 1
I —
Corners Nominal w corner
Temperature 0ED
Design Variables
Vsupply 33
Click to add
Parameters
Click to add
Model Files
processOption.scs v <section>
res.scs v restm
esddiode.scs »  esddiodetm
bip.scs. v biptm
€ap.scs’ ~ captm
ind.scs ~ indtm
cmos53.scs. W ..SWOCMOSWZ
Click to add
Model Grounis) <modelar

\ Cancel | Apply . Help ,

K.-P. Kirchner, Uni Rostock, Institut GS




Corner Simulation — Run and Results

© Virtuoso® Analog Design Environment GXL Editing: test invertertest adﬁ [=)[a][x]
Launch Fle Create Toos Options Run EAD Parasitics/LDE Window Help / cadence

e ds ¢ f CEE -6 BB =5 , O select!
lMNDPanasiticsﬁ‘LDIE %; D\U »lmshgle Run, Sweeps and Corners . @ R »l”FefereﬂcE: - »J ﬁN T Se eCt *
| pata View LZJ@JQ‘.H & jryertertest + £ aded X \

¥ % Parameters Qutputs Setup Results
3 v &} Corners -
~ lﬂ - Lo~ R | J T | = 1| & *Override Active Setup
v | corner Test | Name | Specify Point(s) [REE ]
testinvertertest:2 point
Documents testinvertertest:2 m . Cancel | Help paint
E Setup States testinvertertest:2 expr deriviVDC(" fvout” ) point P reSS tO See Wavefo rms !
eliability Analyses || Jtestinvertertest:2 switching point expr cross{getData("/vout" Presult "d... paint
(I testinvertertest:2 noise margin low expr cross{deriv{VS(" fuout")-1 1 "eit... point N ot S h OWn h e re .
testinvertertest:2 noise margin high expr (3.3 - cross{deriv(Vs(" /vout"))-1 ... point
| Run Summary @@ﬂ
1 Test
w1 Point Sweep
w8 Corners

__ Nominal Corner

Launch Hle Create Tocls Options Run EAD Paresitics/LDE Window Help cadence

o B ais e f OEE e BB 8 e B &
l||lh||)Panasiiics.fLDE %3 Ijv'] »J"ShgleRun.Sweepsand Corners % N @ Weference:[ ;J'—.&{J @

| :Dm\ﬂew L'_’J@JL)_(. | & nvertertest | 4 aded % WO/OOC WZ/SOOC

v Gy Tests | Outputs Setup Re sults

¥ & Global Variables — Bo o |v|_—_-| L vrepace BT E L B B|G %
| | |

v Parameters
£ W <] Corrers

Parameter - | ' ' | comer0 | comer1 | comer2 | comner3 | comer5 | comer6 | comer7 | __
— | Nominal Vsupply 33 33 33 33 33 33
¥ | comer bip.scs biptm

cap.scs

Drocuments
E Setup States

esddiode.scs ddiodetrn ddiodetrn ddicdetrn ddicdetm ddiodetm ddiodetm ddiodetm ddiodetm =
— Reliability Analyses ind.scs indtm indtm indtm indtm indtm indtm indtm indtm
Checks/Asserts = . <unspecified  <unspecified <unspecified <unspecified <unspecified <unspecified <unspecified <unspecified
il > processOption.scs section> section> section> section= section> section> section> section>
res.scs restm restm restm restm restm restm restm restm U
temperature o 80 i} 80 a &0 o B0
| Run Summary @@Qq - e i
1 Test Tet | Oupw | Spec | Welght | Pass/Fal ~|  Min | Max | comerd | comerl | comer2 | comer3 | comer4 | comerS | comer§ | comer7 | _|
f; ::rrl;sr:veep testinvertertest:2 | /vin k= K ke (= ke k=
- testinvertertest:2 | fvout (2 ke [ (=3 (= ke [ k=
o haleenen testinvertertest2 | derivVDC" fvout" ) ] k= 2 ke (2 ke ke =
testinvertertest:2 | switching point 1.346 2003 1.663 1.721 1617 1.679 1.346 139 1926 2003
testinvertertest:2 | noise margin low 1.753 1357 1.403 14 145 [A0a ] o7 1685 1.753
testinvertertest:2 | noise margin high - 1662 1262 1.166 1413 1325 1662 1592 1016
Mw = =
Interactive.3 d k;! @ Interactive.2 @ Interactive.3
Jimouse L: M: R:

18)| [




Lab: Circuit Design using Cadence and AMS CMOS 0.35u Technology

Inverter, 2-Input-NAND, 2-Input-NOR

VbD
VDD VDD - 33V
; . Vinn = 0.48V
VDD 4( M21 b M22 B " Vinp = 0.67V
H 21

pJM :} @Vou "la kp, =170 X4

2 Vin2 O Mqo in2 O N Moo H_K

Vin :}_Ovout ﬁ O Vout KP, =58 —

" Vint © - Vint o—i—”“ﬂMﬂ " ﬂM

il 1" 1
Calculate the geometry in (W/,-ratio for p- und n-transistors) so that you get a good compromise for the switching point
and noise margin for the cases:
- Both inputs change at the same moment (connected)
- Oneinputis preassigned to a fixed value so that the second one causes output change. (May be different for both inputs!)

_ . v
Switching point should be near % for all cases.

Design (schematic, layout) a 2-Input-NAND or a 2-Input-NOR using short channel length transistors (0.35u)
or long channel length transistors (3.5um]. Selection of the specific design is done with the tutor.

Cell hight shall be 20 um.

From Simulation (including postlayout) find out the following values:
Switching points and noise margin for the different cases at the two inputs.
Delay times (50%), falltime, risetime (20%-80%) dependend on load capacitance (4.. 100 fF) and temperature (-40 to 80°C).
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Lab: Circuit Design using Cadence and AMS CMOS 0.35u Technology

Inverter, 2-Input-NAND, 2-Input-NOR 2 BEE
& \\\\:‘\ ,,,,, \ .
PN W |,n N V
2. ‘\ \
At the switching point both transistor-pairs are in the pinch-off state and passed “
by the same current : -
Both in/e
B B 2
_n(VlnSP Uthn)2 = %(VDD — Vinsp — Vthp)
- 1
s, LU <
But: There is a difference in the number of involved switching transistors . "y | 0y :
for the different input cases! = \; +
Common Equation for CMOS-Inverter: S bty HA  5.50-0 5 - eval  uessi-0.50 - ueva1 6T 4 3.0
ﬂ ﬁ VinSP
n 2 _ p : _ 2
(VmSP Vthn) (VDD VlnS Vthp) Far VinSP = VDD _v 2
. VpD Bn 2 thp
Dissolve forV;,sp: 2 o =\y
Fp \Yop _y
W 2 thn
VB WVinsp = Vinn) = :Bp(VDD Vinsp Vthp) B =KP T
t: KPN = 3-KPP
B
ﬁ_z : Vthn + Vpp Vthp
VinSP
1+ [bn
Py
T,
17.12.2018 IGS / Uni-Rostock 74
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Lab: Circuit Design using Cadence and AMS CMOS 0.35u Technology
Inverter, 2-Input-NAND, 2-Input-NOR

NAND-Gate

UeZ O ﬂMA]Z
n

Ue1 o :j_Mﬂ

W 2

w % w

lL L 4 (Ve ) 4(165-07\" 0,908 [T]p

wl "3\ _, | “3\1e5-05) [y =11
I, ) 2 thn L .
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Lab: Circuit Design using Cadence and AMS CMOS 0.35u Technology
2-Input-NAND, 2-Input-NOR

ﬁn Bp 2 . . .
— Winsp — Vinn)? = (VDD Vinsp = Vinp) One p-transistor is off and remains off.

One n-Transistor is on and remains on.
/BnWinse = Virn) = |Bo(Voo = Vinse = Vin) Only an inverter is switching.

Lower transistor in NAND during switching phase:

% * (Venn + Vs11) + Vinng — Vinp
_ p See if the values are acceptable with regard to noise margin.
Ues = Try to change W/L ratios to find a compromise.
1t [
Po
VpD
For VinSP = T VDD 2 W W
w Bn 2 Vthp [—] 2 —_
[ = KPN - — — = Lf 1 1.65 — 0.7 | L |
- L B Vop == =0.36 P _ 978
w p > Vinn — Vpsi1 [ﬂ] 3 \1.65—-0.5-0.236 '
Ppges = KPN T L L],
KPN = 3 - KPP [W] W1
— 2 —
1.65 — 0.7 L
w 2 = =0.23 P — 444
[_] Voo _, [W] (1 65— 0. 5) '
2 thp
W VDD "
— Vinn — Vbs11 Interesting, but we can implement one geometry only

and must configure a compromise.



Vinsp =

Not considered:

Lab: Circuit Design using Cadence and AMS CMOS 0.35u Technology

B
ﬁ—;° (Vrnn + Vps11) + Voo =Vinp  Using the Relation for switching both

2-Input-NAND, 2-Input-NOR

KPN/KPP

=05V +33V-0.7V

1.1
’3
1+ H

Vinspu =

transistors W/, — relation = 1.1:

/% - 0.5V + 0.236V + 3.3V

=129V

- 0.7V

IR s
L L 1+ (5=
p n 1,1

Conducting NMOS has a resistance (Ups > 0)
Body-/Backgate-Effect (Ury, dependent of subtrate voltage)

W/ -
RelationPMOS/NMOS

1.1
2.2
3.3
4.4

Vinsp When switching Vinsp only "upper Vinsp only "lower
both inputs [Volts] NMOS" switching [Volts] | NMOS" switching
and difference to Vpp and difference to Vpp [Volts]

and difference to Vpp

1.83 /147 1.55 /1.75 1.47 / 1.83 ]
192 /138 1.66 /1.64 1.58 / 1.72
198 /1.32 1.74 /156 1.66 / 1.64

Switching input voltage V;,sp for different W/, - relations of the transistors from Simulation

17.12.2018
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Lab: Circuit Design using Cadence and AMS CMOS 0.35u Technology
2-Input-NAND, 2-Input-NOR

Practical hint to safe time:

Starting from the inverter schematic:
You may open the inverter schematic as the origin for the new design.
Then create a new schematic cellview (from CDW or Library Manager). File -> New -> Cellview

When you have the new empty schematic and the inverter schematic side by side you can copy the
inverter circuit or parts of it to the new schematic.

Use copy: "c" -> select the desired part using the left mouse button
-> click on the selected part

-> drag to the new place (may be the same schematic window or the new one)

Copy object from one schematic window to another: In target no command should be active! (Use ESC sometimes!)

Edit the new schematic to build the NAND or NOR design.

You may proceed in the same manner for the testbench.
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2-input-NAND Schematic and associated Testbench
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2-Input-NAND, 2-Input-NOR — Use steps as before in inverter simulation

Session  Setup Analyses Variables Outputs Simulation Results Tods Help cadence
l|||& @| §c |é)'] prs @ @ = | |'-- Choosing Analyses -- Virtuoso® Analog Design [|X |
Design Variables Analyses eSS e snalysis | o tran ®dc U ac  noise
Name | = I [N MENts l /——> Q@ o sens o domatch o stb
. o pz sp oenwlp o pss
E: w pac W psth i pnoise o pRf
b4 o psp o gpss U gpac o gpnoise
° o gl « fpsp o hb ' hhac
e ' hbnoise
Outputs @@QX - OC Analysis
| Mame/SgnalfExpr | Value | Fot| Save | Save Optiors | I“_.‘ Save DC Operating Point
Hysteresis Sweep o
From Schematic
Sweep Variable //
Component Mame  /¥1 &«
— Temperature
_ Design Variahle Select Component
> = # Component Parameter Parameter Mame de \
m
3(5) | Load State ... | Status: Ready | T=27 C | Simulator: spectre IJ — Madel Parameter ﬂ
Sweep Range
Session Setup Analyses Variables Outputs Simulation Results Tools  Help cadence & Start-Stop Start 0 stop 3.3
— '« Center-Span
It gl i~ & =58 de
Sweep Type
Design Variables b & Step Size m—
T Enable | ments [ e H Linear
Name | Value [ [ Rsed 033 10m Uneer e e St Stop 101 &l Create/Edit analyses T  Nurber of Steps
b Design Variables
- . . Add Specific Paoints
3 Simulation Outputs
Enabled -
Delete selected analyses b o N
Darpus \ 22XQ y automatic, linear, lagarithmic
Name/Sgnal/Expr | Velye | Plot| Sawe |  SaweOptions | © Run enabled analyses
m Cancel Defaults Apply | Help
i Stop \_/
oV
Plot , : —
- d N
i type srcType  "Source type”
3(5) | Plot Outputs Status: Ready\ T=27 C | Simulator: spectre IJ s L
s momL. mD e
vale v1 “Voltage 1°
vall v2 “Voltage 2"
period per "Per iod”
delay w “Delay time"
rise tr "Rise time"
fall tf "Fall time"
width pw “Pulse width™
tcl tcl "Temperature coefficient 17
tc2 te2 "Temperature coefficient 2"
tnom tnom “Nominal temperature”
I > N
[ o« DT
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2-Input-NAND, 2-Input-NOR — Use steps as before in inverter simulation

ADE'L (1) - testinvertertest schematic

Launch Session  Setup Analyses Mariables Outputs  Simulation Results Tools Help cadence

Design Variables

Setting Outputs -- ADE L'(2)
Table Of Outputs

Mame (opt.) in yes allv
Expression e-beth yes |alv

o_bottom yes  allv
Calculator & Open g Get Expression I\ CIIIEEJ o_top yes allv

= Plot after simulation: (Auta B Plotting mode: \Replace B Wil be ¥ Plotted/Evaluated From Schematic

|-

1} 1
2(3)| Delete | Status: Ready | T=27 C | Simulator: spectre ]J

Measure type & Sig/Exp o OCEAN _ MATLAB _ SPICE

Add 5 Delete oie Change e Mext e NEwExprEssionJ

@D corcel _sppy _Hep

Setting Outputs -- ADE L (2)

Selected Output ITal:le Of Outputs

Mame (opt.}

Expression

Calculat i
alculator I Open U Get Expression J Clusej

Wil be ¥ Plotted/Evaluated

Measure type @ Sig/Exp . OCEAN _ MATLABE _ SPICE

Add g Delete I\ CrangEJ Mext g NewExpressionJ

@D el Appy ) Help
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Transfer characteristics and noise margin for 2-Input-CMOS-NAND-Gate

3.4

3.0

2.6

2.2

1.8

V (V)

1.4
1.0
0.6

0.2

1.0

-1.0
-3.0
-5.0

d Vout 7.0
Y, 9.0
dVin B
-13
-15
-17

-19

\
\
|
".‘ Name
‘i Il /o_bottom_equal_nmos
“ I /o_both_equal_nmos
M /in
\\ I /o_top_equal_nmos
‘HH‘HH‘HH‘HH‘\H\‘HH‘\H\‘HH‘\H\‘\H\‘HH‘\H\‘HH‘HH‘HH‘HHHH‘HH‘HH‘\H\‘HH‘\H\‘HH‘\H\‘HH‘HH‘\H\‘HH‘\H\‘HH‘HH‘HH‘HH‘HH|
0.0 02 04 06 08 1.0 1.2 14 16 1.8 20/22 24 26 28 3.0 3.2 34
dc (V)
_
< P \ /'/ < >
|
|
|
|
||
I
| |
| |
|
Y
e L e e N B R
00 02 04 06 08 10 12 14 16 1.8 20 22 24 26 28 30 3.2 34

dc (V)
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Transfer characteristic for 2-Input-CMOS-NAND-Gates

Name Vis ..nt

/o_bottom_equal_nmos a 1 3.4
M /o_both_equal_nmos i 1
I jo_bottom_ams ] 1
I /o_both_ams i 1 3.0
fin ] 1
2.6
2.2
1.8
=
>
1.4
1.0
0.6
0.2
-0.2

00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 3.0 32 34
de (V)

Transfer characteristics of 2-input-NAND-Gates

from AMS-0.35p-library with Ly os pmos = 0.351, Wypos = 1.325u, Wpp0s = 2.1

and

self-made gate with Lypyos pmos = 0.351, Wypos = 1.0, Wpp0s = 1.6

(Characteristics for switching top N-transistor only not shown, always between bottom and both

cases)
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Simulation of 4-input-NAND from 0.35um library

x|

= Add Instance

Library LBDHEL'[ BD Browse

Cell [unquzl

Wiew

Lsyiml

Mames

» Add Wire 5tubs at:
s allterminals @ registeredterminals only

Columns 1

Array Rows 1

| 4% Rotate | | /b Sideways | | = Upside Down

il Cancel Defaults || Help

D-input uses NMOS-transistor nearest to GND, A-
input is top NMOS-transistor.

17.12.2018 IGS / Uni-Rostock
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4-Input-NAND-Gate from AMS-0.35p-library

-+

Name Vis

fin a 1 3.4 BE
Il /o_abcd 2 1 -3
/o_abc 2 1 é
I /o_abd 2 1 3.0 3
I /o_acd 2 1 E
I /o_bcd 2 1 =
fo_ab 2 1 26
I /o_ac 2 1 3
/o_ad i 1 3
fo_bc 2 1 29 _é
I /o_bd i 1 E
fo_cd i 1 BE
M /o_a 2 1 E
- 1 —3
/o b i 1 ~ 8 3
M /o_c % 12 —
fo_d 2 1= =
1.4 —

1.0 3

06 3

0.2 —

o
()

00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34
dc (V)

Transfer characteristic of 4-input-NAND-Gate from AMS-0.35p-library

with Lyyos,pmos = 0.350 Wymos = 1.051, Wppyos = 141

Leftmost line for switching lowest (nearest to ground Jnmos-transistor only,
rightmost line for all 4 inputs switched simultaneously
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Cadence Transfer Library Content to a new Library  use cadence tools always! DO NOT copy in finux.

Copy Wizard X

Edit -> Copy Wizard

e | Hierarchical = Exact Hierarchy | ByView | ByViewType | By Configuration

Library Path Editor: irchner/ske2018/cds.lib.. - O X
estination Library test n & Update Instances: Of Entire Library n

Fle Edi View DesignManager Hel a

= = = =S8 B =P a d ence Database Integrity — Re-reference customViaDefs — Checkexistence intechnology database

LEEh _ Add To Category Cells | *
Library |

= ey o From Lib From Cell From View To Cell To View

@2 ncutils ¥ testold ac_test_vorlesung schematic ac_test vorlesung schematic

23 nc | ¥ testold betamultipier data.dm betamultiplier data.dm

; ncmodels ¥ | testold betamultipier schematic betamultipier schematic

E rds assertions ¥ | testold betamultipier symbol betamultiplier symbol

‘2_5“ : : ¥ | testold betamuiltipier_test | adex! betamultipier_test | adex! |
= = ¥ testold betamultipler_test | schematic betamultipier_test  schematic

& ccs_spicelib v | testold betamultipier_test_wi schematic betamultipier_test_wi schematic f
_2_8‘ CO5_amsiunctions ¥ testold betamultipier_with_d constraint betamultiplier_with_d constraint

B = dlib fsdilib ¥ | testold betamultipier_with_d schematic betamultiplier_with_d schematic

30 connmectlib JSconnectlib ¥ |testold betamultipier_with_ri data.dm betamultipier_with_ri data.dm L
; ms Lib JdmsLib ¥ | testold betamultipier_with_ri schematic betamultipier_with_r: schematic

o~ v |testold betam ultipier_with_ri symbol betamultipier_with_ri symbol [
32 SECLIB C35B4C3 | $AMS DIR/cds/HK (35/SFCLIB_ (358403 | e |testa etamultipher_with._ri symbo etamutipher_with.rd symbo

| ) "‘ ¥ | testold diff_amp data.dm diff_amp data.dm

33 test /hame/Kirchner /ske2015ftest ew Create before! _ : _

- - I d I 0 b | I ¥ testold diff_amp schematic diff_amp schematic

34 testold fhome/kirchner/ske2017/est © Old l1Drary Enter path! 2 |testord diff amp symbol dift_amp symbol i
B

__ Deselect All Clear All

Library testold is defined locally.

OK Apply Check Rles Cancel Help
— 4 -
Copy Problems 4
Drestination Library: test c le ng x

One or more of the following problems have occurred:
1. The source file does not exist.
2. Notall fields have been filled in
3. Adesfination file will be overwritten. - .
4. Adesfination file is checked out. =
5. Adestination file is opened for edit. l The files are hEing co PlEd
6. A desfination file conflicts with another.
7. Adestination file has an invalid name.
8. Asource library file is not valid in a different library.
9. Asource OpenAccess cellview master file has zero size
10. A cell will be copied to two different destination cells.

Fields may be (also) highlighted in the Copy dialog.

From Library | From cell From View To Cell To View |Error |Action

testold ! data.dm ! data.dm Would Overwrite I

[ ox ] Fix Errors | Overwrite All I Cancel Help . . . )
| S When we will have finished copying we can delete the old libraries entry.
We get a warning because we are coying the library completely.
Acknowledge with "Overwrite All" !
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