Cadence + AMS-Hitkit

Totorial 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

Move icon to desktop for easy use
& ‘Pla(es System % &

[ Accessories
% Graphics

@ Internet

iy sound & Video

v VvV V Vv

print working directory
list

change directory

make directory

Our client computers use the "supported" CentOS 6,
but the server is CentOS 7 (not yet supported to run Cadence)

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

() CD/DVD Creator
&.) Disk Usage Analyzer
= Disk Utility

(&) File Browser

|EZE| system Monitor
Terminal

Or Right-Mouse on Background and select "Open Terminal"
To save windows images (.png) : Alt-Print

Eile Edit | | Go Bookmarks Tabs Help
Reload Ctri+R
Eif < || ¥]Main Toolbar
[¥]side Pane F9
I
== [¥] Location Bar !
[¥] Statusbar
Desktop Reset View to Defaults [
I File Sy:t| t
& Network
() centos_| Visible Columns... |
& Trash Zoom In Ctritt
3 chirpl Zoom Qut ctri+- |
Normal Size Ctri+0 |
O lecons Ctri+1 |
@ List Ctri+2 |
) Compact Cerl+3 ¢

Unix-command to remove Cadence lock files (Close all Cadence programs before!) : find ¥/ -name "*.cdslck" -exec rm {} \;
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AMS-HitKit

- Start

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

Terminal

File Edit View geaﬁ Terminal

Help

kirchner@katerCent056: cd
kirchner@KaterCent056: pwd

irchner@KaterCen mkdir myproject
kirchner@KaterCent05S6: cd myproject
kirchner@KaterCent0S6: ams cds -newtech c35b4 &
[1] 6647

kirchner@katerCent056:

First start !
Later use "ams_cds"
(or "ams_cds &" to re

-

simply!
olease the terminal for further use)

Select Process Option

Creating
Creating
Creating
Creating
Creating
Creating
my:
/cadence
Creating
Creating
Creating
Creating
[1] 6724

d New
new
new
new
new

new

d
d
d
d

a

.cdsinit file...
cds.lib file

.simrc file...

assura tech.lib file
Calibre cellmap file
streamout template file

Ec:hlll"

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.

Exact Process Qption

cannot

virtuoso :

move ~./.cadence/dfII/layerSets/cade
.signature.xml': Permission denigd

a new layerSets directory

a new jobpolicy directory

a new .cdsinit local filel..

Hierarchy Editor templates...

HIT-Kit=ams 4.18 tech=c35b4

kirchner@KaterCent0S6: |

Do not use your homedir!

<« Hide Available Devices A

_ C35B4CO PIP .
& C35B4C3 PIP VGS HIRES PIP: poly1-poly2-capacitor

~ C35B4M3  PIP VGS HIRES THICKM MM VGS: 5V-Gates

_ C35B4ME PIP HIRES MiM HRES: High resistive poly

. C35B401 PIP WGS ARC 4 Metal Layers (MET4 normal thickness)
o C35B4T1 PIP VG5 THICKM

o C35B4Z1 FIP VGS RPZ

Create a separate project directory!

ESD Devices: Hide n

Make your favourite directory structure

You may use one single directory for different designs.
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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

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




AMS-HitKit - Start

amti

| =
| File [ cadence

AV A iy
Search ..
Print ...

Befrech
l Close and Do Mot Show P.gainl Lcant new features and changes in the ICE. 1.6

7] hitkit

Analog/Mixed-Signal Process Design Kit

Close
of extended 1nformation on What's Mew in this release, select "Help -
What's New - In this Release" in the CIW Window.

hitkit 4.10 - ISR12 January 2016  C35 H3!

copyright (c) 2016 ams AG. All rights reserved. ams AG entitles the Licensee only to develop ASICs which
will be produced by the Licensor. Usage of the HIT-Kit is limited to terms and conditions defined in the
HIT-Kit License Agreement.

Would stay open as long as ams_cds is running Window 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. %’
| =
<l \ IS |
nouse L b R:
1 | hitkit: amz_4.10 Tech: c35bdc3 I kirchner IJ

Command Inputs

11.10.2017 IGS / Uni-Rostock 4



2016/17

AMS-HitKit - A new library

Command Interpreter Window - CIW

| Virtuoso®

6.1.6

Log: fhome/kirchner/CDS

log

\r—_ﬁe Tools  Options  hitkit  1C0-Tools  Help cadence

Library Manager created library "test”
INFO (TECH-180011): Design library 'test' successfully attached to technology library 'TECH_G35E4 . E’
= 111 \ _,I_:_'
 limouse L: I: \ By
1| hitkit: ams_4.10 Tech: c35bdcd User. kirchner \ 1

File -> New -> Library

New Library
Library Technology File
MName test . Compile an ASCIl technology file
Directory {nunJiKrarg.r direc tories) .+ Reference existing technology libraries

& Afttachto an existing technology libra

' Donot need process information

Design Manager

N o design manager setup found

/home/kirchner ,\ske_zﬁﬁ

— Compression en

led

&P - Defauits Apply

Help

Choose a name for your library!
(You may use one library for different designs.)

11.10.2017
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"Attach to an existing technology library" -> OK

Mesw Library test \

Technology Library

(=gl

o
>
Ei

LCancel | Apply L 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 - A new cellview

Command Interpreter Window CIW

Virtuoso® 6.1.6-64b'- Log: /home/kirchner/CDS.log

\Eile Tools Cptions  hitkit  1CD-Tools Help

cadence
Library Manager created library "test” T
INFO (TECH-180011}): Design library 'test' successfully attached to technology library 'TECH _G3EE4'. %’
e
- i1 B
Uimause L M:

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

File -> New -> Cellview D wemEle o (@)

File
. _@g&’_' test -

Your new library —— b L
Cell [ inverter l
View schematic

Start with schematic view Type » |Sthematic [~ |
Application

Open with Schematics L n
— Always use this application for this type of file

Depends on your project path \ Library path file

I fhome/kirchner /fske_2817/cds.lib

o ST

Choose a cell name, check "schematic" as cellview -> OK Quit with OK !
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‘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

HIFFTff

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

11.10.2017
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Schematic entry - Components

Browse

» # 0 - Cl . C ] [
Launch FEile Edit Miew Create Check Options Mdigrate Window  hitkit Help Ci
ISR=N" EAM{ % O LWy e de-T TR QAR TBT”
L A A e mos
||| o~ v/'/__, |||Wurkspace: Basic B |=E\H @ ||| % :lﬁ ’LQ -Iﬁ ']h | E% ||| Q- View  symhol
L A A A
Mames

Create -> Instance
(hotkey "i")

M Add Wire Stubs at:
« all terminals

@ registered terminals only

. . . . . . . . . . R R . . . Atray Rowis 1 Calumns 1
;| MNE
i
. . . . g 42 Rotate Ak Sideways = Upside Down
\4 -|—{ i PRIMLIB contains all the
| L]
wiot=10u . ..
a =030u available elements (primitives). - -
| ﬂ ' ' ' ' ' ) ) ' ' ' ) ) ' Widith 100 K —
TR | 1icith Stripe 10
Length 0350 K 4/
~ ategories
Lib catedo cell View Mumhber of Gates 1 <}
|a]yl By
7 MOS transistar shape mﬂ
PRIMLIE M stets nmos symbal R T
A_CELLS Everything View ~ | Lock | — -
BORDERS M Uncategorized nmosmd ads op Lontac o
CORELIR Bipolars pmosd auCdl Bottom Contact ~
CORELIBD ; pmosmd eldn
CORELIBD_3B lcEapaC'mrs i Jnin Gates (e -
CORELIB_3E hsifm Jdnir all draing Y —
CORELIB_WS = hsimD /
—_— CORELIE_WS_GB — Join all sources ~
. - - hspice
(!'mouse L: | E'Sq?rlélsa hspiceD Guard Bar Left o Diff ' Cont @ Mone
4030 | hitkit: | GaTES 38 hspices Guard Bar Top  Diff  Cort ® None
IOLIBCYS_3B_4 spectre ' )
//‘IOLIEIC A5 am ParasDey . spectres Guard Bar Right O Diff O Cont @ None
Cells IOLIEC_ANA_jB_aM ProcessOpions I G Ser oo Z o o cont @ None
IOLIBYS_4M Resistors symbol_sfart
IOLIE_3B_4 don't_use Substrate Contact U 4—
IOLIE_4M - = layout_only Drain diffusion area 1.1e-11
IOLIB_aMA_GE_4hd e
IOLIE_AKa_am Source diffusion area 1.1e-11
LEADFRAMES Drain diffusion petiphery 12.2u M
e
FACPRGES Source diffusion periphery 12.2u X
m Drain diffusion res sguares 0. 08
FRIKI IRRF

NMOS,PMOS : Thin oxide 7 nm (V55< 3.6 V)
NMOSM,PMOSM: Mid oxide 15 nm (Vg5 < 5.5V)

Yersion

Drain diffusion length

‘ Close Filters... Display... TR Senre i m [P
IEtnpList
ivCellType
11.10.2017 IGS / Uni-Rostock

Source diffusion res sguares  0.06

Open Library Browser

w
1

/ Finger

——— compact

Substrate contact

develop - o35

layout

graphic

€ cancel

Defaults || Help

in layout

may be changed
in layout-process
later

Instance properties



CMOS Inverter calculation

VbD
o J There is the same current flowing through both
Mo transistors.Beide. For ideal switching point is
14
V.n :}—O vV t Vin = Vgsn = VSGp =Vout = Vpsn = VSDp = %-
! n OUl Because of [Vps| > |Vgs — Vin| both transistors
:j_'VH are in the pinch-off state and we can assume:
Bn

B 2
(VmSP Vthn)2 = (VDD UinSP - Uthp)

A
Venn = 0.5V, KPN = 170 %

A
Vinp = 0.65V, KPP = 58 vz

Dissolving for Vj,,sp:

vV :Bn(VinSP Vthn) — ’:Bp (VDD mSP Vthp) ,3 — KP
using: KPN
5 Verm + Vo = Vi [w]
VinSP
yn [,

L ICS

w
L
=3

0.5 1.0
v+ U(ual) v 0.330 a 3.3U-5.33U « ueu.

KPP

Vop
2
\ Voo
2

Voo

Yoo

- Vthp

- Vthn

2

2

al

g \\\

1.5 2.0
ueval-0.50 - ueval+8.7U . 3.3U

VinSP

4
For desired V;,sp = % we calculate the relation

2

- Vthp

- Uthn

1

3

for |VDD| >> |Vthp -

Vthn

Bn

p




Inverter schematic

NMOS,PMOS : Thin oxide 7 nm (Vgs< 3.6 V)
NMOSM,PMOSM: Mid oxide 15 nm (Vzs < 5.5V) .

key
F3

>

show option window
undo

redo

descend & read

descend & edit

CTRL-e return

DEL

delete

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

wdd

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

File -> Check and Save (shft-x)

11.10.2017
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‘For power ports use names including "vdd" or "vcc"

create instance
create wire

move

stretch (im Layout "S" 1)
copy

object properties

add pin

add wire name (label)

check current cellview

f fit
] zoom in
[ zoom out

Avoid crossover dots.
Warnings! May be deselected
Check-> Rules-> Physical

10



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
L — L — 1 " - - - P — — P ]
I | @Elll%mxorf’-——jwwﬂm"l/'f 1R S @ 8 (7 L

{
1@~ Q ~ ll(Basic BE G M T T (& o B-|

| Mavigator 7.8 X|
_V Default - | ~ SchematicSelection Filter ()
Q H T area Partial Selection
MNarme al
= inverter Schematic Objects ¥ all _ none
-2 MND (nmosd) W wire ¥ pin ¥ instance ¥ note shape
(2} MPD (pmosd Standard - - - -
'j PIMO E[E]pin) ) » wire name @ pin name # marker @ note text
| PIMT fopin & flight ~ lahel
- P q
1 out Instance Chjects (for point selection only)
4% inF_10 _ name # pin _ pinname __ lahel

m _ Cancel ;| Defaults | Apply | Help

11.10.2017 IGS / Uni-Rostock 11



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

=
[ER=N" =L s

- N ‘L. Wire tnarraw)
18-0-0 &
| L wire fwide)

A
Havigator 78
[Mavivgton o BB o i e

‘ ¢ £2-1T 7
v ARSI

Shifts W

L
Space

Y Default Wirg Stubs and Names
Q B Net Expression.

Name
| inverter 4 Ein

Block.

@) MO [mos4)
Mapping Schematic

G MPO (prios4)

G PINA fipin)

@) PINT (opin)
gnd!

L in

T

-1, vd!

[ ]

o autP_1

‘Solder Dot
MNote
Pateicord
Probe
MultiShest

- Create Cellview -> From Cellview -> OK

Fram Cellview
From Bi List
From Instance

Standard: rectangle

Library Mame

Browse

Cell Mame

From Wiew MName

schematic B

To View Mame

symbol

Tool & Data Type

schematicSymbal B

Dizplay Cellview
Edit Options v
] Cancel Defaults Apply Help
optional |
Library Mame Cell Mame Wieny Mame
inverter symhol

Fin Specifications Aftributes
Left Pins in List
Right Fins ot List
Top Ping List
Enttom Pins List

& Maone All

Load/Save _

Exclude Inherited Connection Ping

— Cnly these:

Edit Aftributes Edit Labels _

Edit Properties _

Apply Help

m Cancel

11.10.2017
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Inverter Symbol from Schematic

Symbol needed to use our design in higher levels of

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

Virtuoso® Symbol Editor L Editing: test inverter symbol -
cadence

Launch File Edit Wiew Creale Check Options Window Help

Jo B e ek O @ %X @ T
U9 - © - O o [orispace: [sasc [EETES

Havigator 78 %

e T TR Q& @
2@4 @/ ® |

.

hi: R
s 52 0|

aBc
ahe

 Default n @
Q B-
MName =
= nverter

L ino
et s
[__Property Editor Z

o

7(8) | Click a property to edit

@]

ing - [@partNamel out@

Sle

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

Virtuoso® Symbol Editor L Editing: test inverter symbol

Launch File Edit View Create Check Options “indow Help cadence

U REld 0 mXQTEs ¢ r r I’ &l
190~ O O Wspace st FETEYE EY

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

12



Inverter Schematic for Simulation -> Testbench

= NewFle x| | —
File — Libirary test) Browse
Librar cH . . .
i In CIW (or Library Manager): File -> New -> Cellview ol , —
Cell invertertest] ) e inverter
Wiew schematic Wien symbol]
Type schematic n Mames
poplcaton
o p—— Schematics L ' Launch File Edit View Creale Check Oplions Migrate Window hitkit Help  fdd Wire Stubs at
__ always use this application for this type of file b P @A+ 0 @ 0 TE s ¢ £-7 71X QR E T 116 & allterminals _ registered terminals onl
[ I\ I\ A q k) |
Liorary pah fle U900 O orgwelese PR @ [®%/ W QRIS B — =
shone dkirchner fske fods. 1ib Array Rows 1 Calumns 1
4™ Rotate Ak Sideways 4 Upside Down
Cancel | Help ’ ’
e
ol @ Cancel Defaults Help
L
Apply To anly current n instance '
Show _ system & user » COF
Browse Reset Instance Labels Display
Praperty Walue Display
Library Name ( analungu off n . . . . . . .
Cell Name  [vde = - | u N inverter outi>
View Mame symbol off n
Instance Mame w1 off n
Add [ielete haadify
User Property haster Value Local Value Display [ Add Instance
lvslgnore f - 4.
DC-value Y TRUE L -} analogLib ) Erause
CDF Parameter Walue Display
\ Moise file name off n Wien
mber of noise/freq pairs 0 off n MEGES H ci RE
ae 1.5% both g
o add Wire Stubs at C:Tp r:1Meg
RIE GGG 19 CLI - | & all terminals ' registerad terminals anly “
AL pHase off n — —_— /
Array Rowrs 1 Columns 1 /
off n =
AC-value for CL - | | A2 Rotate Ak Sideways | = Upside Down
ac-simulation o B gnd 5
P - <7 Real value for C
(frequency response) Model name
o @ R -~ Answer later.
‘ Notminal temperature off n - v
1]
[ - ;
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

From the Schematic Editor -> Launch -> ADE GXL

Launch ADE (G)XL

ADE XL
® Create Mew Wiew _ Open Existing Wiew

m Cancel Help

ADE XL creates a new view!

| Create new ADE (G)XL view x
Fle
Library test n
Cell
Wien adexl
Type addexl -
Application
Open with ADE GHL 15
— Always use this application for this type of file

Library path file
/home kirchner fskefcds. Lib

DREN N @ newtah O curent tab o new window

m Cancel Help

11.10.2017

ADE (G)XL usage differs from ADE L

. LDE L D Eff
Most tutorials use older ADE L ayout Dependent Effects

EAD Electrically Aware Design

Launch File Create Tools

Options Run  EAD  Parasitics/LDE  Window  Help

cadence

[ER=R=R=N 7}

fOEE -6 I8 BBl B3 |

([ Mo ParasiticsDE
"

B @ m »l"lSingIe Run, Swaeps and Comers B Q@ @ o l|||Reference: )Ly =

[ Data View ZEX| @ inverieres === adex
I % Tests
v & Global Variables =
S & Poramcicrs = Welcome to ADE GXL ®
& {0 > Il 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
0 Test i with design documentation anc‘?ost—processing capahilities. Additionally, ADE GXL
W 1 Foint Sween provides Local and Global Optimization, Sensitivity Analysis, Mismatch &nalysis, Improve
v U Camer Yield, Parasitic Estimation, DCM and MT3S. To get an overview of ADE GrL, what it does
| = NSIEY COmET and how to use it, click here i
T - e
—_———————— dszer: kirchner ﬂ

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

Launch File Edit ¥iew Create Check Options Migrate Window  Parasiti

ADE GXL  hjkit Help cadence

fTem=

>l O W x O TrLa

T e e Y

LND Sweeps -

| ||lN 0 Parasitics

‘“Smgle Run, Sweeps and Camers =% ( @ o )
|

| Dala View

=)

X

invertertest ) #  adex

_ S Tests
& Global variables

v/ & Parameters
= =il

] OF
|
|

oy
" ]

Data Histary

[ Run Summary

=
™
ey

0 Test
v 1 Foint Sween
v 0 Corer
v Nominal Comer

Limuuse L

hl: R

448 |

B d
| cme: sel o
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Simulation ADE GXL Create Test

Virtuoso® Analog Design Environment GXL Editin~- tast invertertest
ADE GXL kit Help

Launch File Edit ¥iew Create Check Options Migrate Window Parasitit

schematic

cadence

Jo B 2l 0 M x @ T ] & & E@lnws LA s el BE G

LND Sweeps

H[Smgle RLiy/Swe'%Js and Comers [ ( Q O ) |

| [[ 1o Parasitics

[All=TS invertertest ) 2 el

B | % Tests
B v oy /0Dl vanables

- v & Parameters

=1
4 11l

Data. Histary

A T
| Run Summary
0 Test
v 1 Point Sween
v 0 Corer
W Nominal Comer

nmuuse L

R

48 |

| Cmd: Sel: U.i

Session  Setup Analyses

ADE XL Test Editor

Variahles Outputs  Simulation  Results

=[BT [

Tools cadence

W Choosing Design -- Virtuoso® Analog Design Environn X

& b= & & &

B % g2 8= 7
Library Name  f@st [
Cell Mame TTTanpT

inverter Design Yariahles

Analyses

™
o
*

Type | Enahle|

Argument

inverterl

r\hmp

Yalue |

opv
ov_test_follower
ov_test_openloop

padtest.
spiel =1
Wiew Name schematic B
Open Mode ® sdit O read

@ cancel | Help

=YWelcome to Vituoso®

Outputs

78]

Namﬁ‘ﬁ'gnﬁ {F Br

=
=

S0 0 % I E p

| Walue | Plot| Save| Save Cptions |

Analog Design E

limouge L

L

i ]
Status: Uninitialized []

5(8) | Model Libraries ..
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Simulation ADE GXL Create Analyses

ADE XL Test Editor
Session Setup Analyses  Mariables Outputs  Simulation  Besults Tools cadence
|||ﬁ @ | §c e | é,}'] }5 @ @ i~ |'-- Choosing Analyses -- Virtuoso® Analog Design [|X |
L J
Analyses 7HX| = B P
Design Yariables i s e Analysis w tran  hoise
Mame | Walue | | Tvpe | Enable] Arguments | S » Ok w sens o dcmatch o sth
@ o pz o sp o oenvip o pss
m* o pac o psth o pnoise o pef
-
s o psp o fpss o gpac o gpnoise
 fjpef o qpsp o hb '« hbac
° w hbnoise
7 E X
Quiputs 28 @ DC Analysis
Mame/Signal/Expr | Walue | Plot| Save| Save Options |
T Save DC Operating Point
Hysteresis Sweep B
From Schematic
Sweep Variable //
Component Mame  /¥1 &«
— Temperature
Diesigh Select Component
='Welcome to Vifuoso® Analog Design E -
L & Component Parameter Parameter Mame de
nmause L: Il R:
i e o | _ Model Parameter
S | Model Libraries .. | Status: Uninitialized !

Sweep Range

Session Setup Analyses \Variables Outputs Simulation Results Tods Help cadence & Star-Stop

Stat 0 sgh 3.3
— '« Center-Span
Il o= db i} /
Design Variables T Lol o & Step Size ol
T Enable | Arguments | H Linear
e— CTr— L EE R T — Create/Edit analyses (TIYET- - |  Number o Ateps

Design Variables

. . Add 5 ific Paoint:
Simulation Outputs S

(DO x 33 [ od |

Outputs REE Delete selected analyses Enabled - b
) aufomatic, linear, logarithmic
| Neme/SignaliExpr | Valje | Plot| _Im Run enabled ana|yses
ancel Defaults Apply Help
fod| StoP \_/
Y\
PIOt o wis “OC woltage”
> . mag acm "AC magnitude"
& 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 sreType "Source type”
tel tel "Temperature coefficient
£o2 s "Temperaturs cosfficisnt
tnam tnam "Hominal temperature”
< il ~ W
Cancel Help

11.10.2017 IGS / Uni-Rostock 16



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

l||| |
2(3)| Plat Cutputs | Status: Selecting outputs to he plotfted.. | T=27 C | Simulator: spectre IJ

11.10.2017 IGS / Uni-Rostock 17



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= O @ % G1  » I =~ T wiorkspace: | Basi B . . . .
Ju Aok U4 JK R Q"% \Mispace = =% common Errors stopping execution of simulation:
| ||LND Parasitics LND Sweeps - . ‘“Smgle Run, Sweeps and Corners @ @ o | .

[ 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=@ ,
lHlNc)Paraslu‘cs,‘LDE M L) » Hls'ngla Run, Sweeps and Corners %;/ @ o l||'Re."e|'er|ce:l = Jhay @‘
| Data View Select a Parasitic/LDE Mode| v | & adex %
v G Tests Outputs Setup Results Run Preview  ~
] v/ & Global Variables e T = "

; Detai |- U\'@' 2 +| |2 ~ Replace Bz @ [@ B B »
Erz& 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 ]

11.10.2017 IGS / Uni-Rostock 18



V()

' """‘Nelect v
/\\’ Tools —> Calculator

Simulation ADE-L

deriviv{"fout_schematic" Presult "dc"))

Nama Vin

M darivlvlfoul_schamatic’ Franuly ‘de'n &

1.0
0.0
1.0
20
4.0
4.0
5.0
6.0
7.0
4.0
0.0
-0
-1
12

08

11.10.2017

Evaluate Results

Virtuoso (R) Visualization & Analysis XL calculator

IGS / Uni-RostocKk

File Tools View Options Constants Help cadence
"H In Context Results DB: JEDir_kirchnerfdestinvertertest:1/simulationdinvertertest'spectresschematic/pst
L |
vt [l | ivde [ avs [ dop (Jvar | kJwn
- »»
| | it LAl { Jidc s —oopt _omp . ¥nE |
|||\..4 Off o Family & Wave |1 Clip | % Mews Subwindow =| @ | E
L ']
derivv{"netd" Tresult "dc"f —
~y  Pop B me A
e UL e B ,
N
[ Function ‘Panel 5x]
‘LAII \ |
AN
Inflexion point (max_ abs. gain Va|ue) 17 atanh evmapsk  gainBwProd  harmonic loadpull peakToPeak
107 average exp gainkdargin . harmonicFreg loglo period_jitter
Wed Mar 16 13:54:38 2016 1 P b1t eyeDiagram getasciiwave histo 1sh phase
Rn handwidth fallTime gmax iinteg Ishift phaseDeg
azd clip flip gmin imag mag phazeDeglnwra
\ ahs compare fourEval gmsg int nc_freq  phasebdargin
w abs_jitter compression freq gp inteq nc_gain - phaseMoise
1 acos compression'RI freq_jitter  gpc_freg intersect nt phaseRad
.0 acosh  conjugate frequency  gpc_gain ipn nimin phaseRadlmyra
asin convolve E groupDelay  ipnvRI avershoot pow
asinh cos dutyCycle gac_freg gt kf pavy prms
atan cosh evmizA  gac_gain  gums In peak psd
il il >
Function Panal Expression Editor kemaries
status area B
20 | Schematic Selection Toolbar |
Recommendation: Move derivation plot to new subwindow (RM-> Move to)
In Visualization&Anlaysis Window -> Marker -> Create Marker
- Create Graph Marker =) B ES)
Markers set to find the -1 gain Point [ Forizontal || Verica
to determine noise margins. v Fosttons-19 R
L e e e |
08 10 12 14 uidc (\})8 20 22 24 28 28 3 14T U Gy B



Simulation Parametric Analysis — Temperature (Built in)

ADE XL Test Editor - testiinvertertest:l

Session Setup  Analyses Mariahles Outputs  Simulation  Results Iools, cédence

I 625570 |6 e B @B | J
Design Variables aaabses | 28 o
Type | Enahle| | Arguments | =N
Mame | Walue [ || e = 0 3.3 10m Lingar Step Size Start-Stop /41 @

lt:: Mame wemp

et

b4 W e 0

S z2 i |

MamefSignallExpr | Walue| Flot | Save| Save Options | o W et 10

1 netd ™) allw fretd 0

'E netd v ally @ = ;:22 ;Do

[ R A W et 0

IE W et 40

= Results in _:invererast1/simulation | M e 0

nmouse L: - R .;:: -

[0 e 4]

B(11) | Simulator ..

| Statlls: Ready |T=2?.D C | Simulatar: spectre !

l

Parametric Analysis - spectre(4): test invertertest schematic

et 30
fnet3 20
M et 0]

File Analysis Help cadence me |
- . M ez 40
Il Parametric Simulation Completed. fnet? 50
p=y T . M e 1]
[ ?% [ 8 O O & ~ | Run Mode: Sweeps & Ranges B\ @ © o | | B e o
Yariahle | walue | Sweep? | RangeType |  From | To | Step Mode | Slep Size Inclusion List | Exclusion List | W fre &0

temp " From/To -40 an Linear Steps

et
Info: Parametric Simulation Completed
21| selecta fiun Mode

]

I
Select "temp" (There is nothing more when you start)!
Try the other entries! Here: -40°C to 80°C in 10° steps)

11.10.2017

IGS / Uni-Rostock
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21

oo

Tools -> Parametric Analysis
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Simulation Parametric Analysis — Global Variables

As an example we replace the fixed width of the PMOS transistor by a parameter "Pwidth"

ADE XL Test Editor - testiinvertertest:l

Session  Setup  Analyses  Wariables Outputs  Simulation Results  Tools cadence Start here to create a global variable
Ut @) 570 &l 3= & @ 5 J
Diesign Wariables Analyses 28 ol ) )
T e | BRI —egmer |
1 Pwidth *‘K ldc L4 0°3.3 10m Linear Step Size Start-Stop /41 ml Sl Vel Design Yarizables
| u Hame Value
e > R C—
L L
OQutputs 7[5 La\ue (Expry 6. du
MamedSignal/Expr | walue| Flot| Save| Save Options | ®
Add Celete | Change
1 netd ™ o ally 0 —
> net3 v | allv Mext | Clear | Find
~ Racnlte in  inuararact1eimilatinn L ¥
imouse L: R Cellview Variables | Copy From | Copy To
811} | Maodel Libraries .. . L ) . tre
Cancel | Apply Help

Virtuoso® Analog Design Environment GXL Editing: test inverter schematic |

If there is only the testbench schematic open, Launch File Edit View Create Check Options Migrate Window Parasitics ADE GXL hitdt Help cidence

H nmen H
select inverter and press "E" (descend edit) to 0 =l 0% 0D »|QQ &R 1% 11 » v @]
Open the inverter SChematIC! mWasmcs lNU Sweeps |- | [l l”lSmgleHun, Sweeps and Comars n [ - = ] I

Data View [l & 0 gnverter) | 2 adex

1 G Tests
B v & Global Variahas R . . N

- Aol Variakle
Edit Variahle

Or start here to create a global variable.

It must be exported/backannotated to appear in test. EE o opy
ported/ pp s 14 Fe 5

-6 ado

Delete Variabla
to

LR

o Bpouid -

Enable/Disable
1 Test Import Sweep
o 1 Point Sweep S I M
» 0 Comer o el
. ng—1

~  Mominal Cormer o o : C C

History ltem | Status R L . | poa . .

v

nmouse L: schiingleSelectPi]) P: hillndog) R: schHiMouseFopUpi) |
4(8) | hitkit: ams 4.10 Tech: c3Shdcs User. kirchner Cmd: Sel 0 | T=27.0 C | Simulator: spectre l
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Simulation Parametric Analysis — Global Variables

Apply To

Show

i »
wiot=Pwidth Open object parameters (q)!

’r:fZ/' Replace fixed value by parameter!\

Length

&
16

Edit Object Properties

only curent B instance Bg

_ system o user o CDF

Wieith stripe

Browse Resst Instance Labsls Display
Praperty Value
Library Mame PRIMLIE
Cell Mame prosd
Wiew Name spectre
Instance Mame hial
Add Delete Iviodify
COF Parameter Value
nodp
Pwidth M
Pwidth/2 M
0350 M

. Mumber of Gates

MOS transistor shape

2

normal '

Defaults Previous

Mext )| _Help

@I Cencel ) _fpply )| Defaulls , Previous | Next ) Help

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

Simulation results

/ X Mame  Pwidth 4
Parametric Analysis - spectre(4): test invertertest schemzcic el fratd 7
Eille Analysis Help cadence .::::
ined
I Parametric Simulation Completed / / 1 et
! ® Fun hode: Parametric Set nin} V L
FENGE RN ] | ) | W
Variahle | Walu et
Pwidth Tudu G4u 120 300 1000 Wi
W etz
I W etz
T — - W ez
Info: Running MNative Simulation = fre?
Info: Parametric Simulation Completed - W e
21| Pause simulation |
Parametric Analysis - spectre(4): test invertertest: schematic
Eile  Analysis Help cadence
I Parametric Simulation Completed
BBy % O O T |Run Moded{sweess & Ranges [ @ 0|
]
Wariable | walue | Sweep? | Range Type | From | To Step Mode |Total Steps|  Inclusion List Exclusion List
Puwidth B.4u W From/To Tu 100y Logamhmlc B
| 4
LLLLLE A LIS\ =AU 13 s L = e b
Infa: Running Mative Simulation... = 1 4
Info: Parametric Simulation Completed v S e e S T
21 ‘ Select a Run Mode | 0.0 5 1.0

11.10.2017 IGS / Uni-Rostock
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CMOS Inverter Capacitances and Delay

Miller-Capacitor
When will it work? -> only,

. 4
if I/ln> VSPI bzw. Vm> %

Voltage change over C: 2 - Vpp <

3 /
n=— E (Coxl + COxZ)
2

B

M2

p-channel

A

2 Cout
T
—O Ua
y
—— CL
M1
n-channel

Reale Verhiltnisse wesentlich komplizierter: Ue O—.\ Cz
Gate Capacitances zu Drain,Source, Channel, Bulk -> 9. 2ox1
additional Coperiap 2
Cin nonlinear: \<A-
N N R -
0 Cogps AP 20 Gy J
NPO 0 l-c 1¢ Cox + 2+ Cop
2 0x 2 ox Coxl
2 —
PO 0 ~2, >0 2
g Cox §'Cox+2'cov
1
/Ecox
Cw\ L GiTE | __ GATE / GATE
= - = L == = == = ==
S 5 5 5 ¢ Pﬁtf =
BULK BULK BULK

11.10.2017 Uni Rostock, IEF, IGS

Cout ~ (Coxl + COxZ)

Originally the junction capacitance
between drain and bulk

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

Nonlinear L
NI

23



CMOS Inverter Capacitances, Output Resistance and Delay

|D A
Output resistance of FET for charge reversal
“ CUgs=Us
Single transistor at Vp with input voltage at Vpp
@ >
Ug Ups
Bn , KPNW , 170pA  1um 5
ID = 7(VDD — Vthn) = TT(VDD — Vthn) = 5 V2 . 035um . (33V — OSV) = 0.68mA
R, =Yop - 3 _ 485k0
Ip 0.68mA
3 Kapazitat und Zeitkonstante -> Delay time (50%-Schwelle)
Cin = WL Cox cm=4.5%-;(1+3.2)um2=28.35fF
Cout = W-L- C,ox F
next gate Cout = 45—+ (1 +3.2) pm?= 18.9 fF
um
tpHL =0.7- Ra ) (Cinn + Cinp + Coutn + Coutp) ‘ F
, 5 Ausgang
touL =0.7Rg Clox "> (WoLy + W, L)
F 5 gingana |\ |& ingang
tpHL = 0.7-4.85kQ - 4.5 u];nz -5(1 + 3.2)um? = 160 ps \/

11.10.2017 Uni Rostock, IEF, IGS 24



Replace the vdc-source by a vpulse-source. (It would be possible to use this from the 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 Columins 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
voltage 1
Woltage 2
Feriod

Delay time
Rise time

Fall time

Fulze width

Temperature coefiicient 1
Temperature coefiicient &

Mominal temperature

Type of rising & falling edge n
@

"

P

wdd

Simulation Transient Analysis

Period

_ Pulse width

0
Rise time

1

Fall time

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

parameter!

Defaults Help

11.10.2017

How to find proper time values?

IGS / Uni-Rostock

v

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

< psp < gpss o gpac « gpnoise
— opHf <~ gpsp o hb  hhac
« hbnaoise
Transient Analysis
s
Accuracy Defaults {erpresety
& conservative _ moderate _ liberal
| _ Transient Moise
| _ Dynamic Parametar
Enahbled v Ciptions..
= ——
< 11l ,_

Cancel Defaults Apply Help

25



Simulation Transient Analysis

Oops!, looks strange ...
1pF load is too much for our small gate

Zur Anzeige der Schnittpunkte: RM auf Markerlinie-> Intercepts -> On

Transient Response Wed Mar 16 14:41:15 2018 1
MNama

M in 1 9.6

M icui_mchamulic ¥ 8.4

3 [T
Changed load to 80 fF W IS g Sspwym B

Compare with data sheet of 24

22

ams standard cell next page! -

§1'E ____________ m ____________ m ______________________ m ___________ m ________________________ Ha
=16 I -

1.4 :
1.2

falltime: 1.555ns-1.1545ns=400 ps o

risetime: 2.2404ns-2.0601ns=180 ps 08 W \ ||

delay(!np rise): 1.3324ns-1.005ns=327 ps 06 L

delay(inp fall): 2.1328ns-2.015ns=118 ps 04 NG
0.2 :
0.0 e =
0.2

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

11.10.2017 IGS / Uni-Rostock 26



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 [nWIMHz] UUpS!, eXpIaIn 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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Layout Start and Generate from Schematic

|'-- Startup Option
Replace all the global variables in the design with fixed values.  Fold the PMOS (2 gates) Physical Implementation Startup Opti
Global variables have their scope in simulation only. o o b
. . . . . & Create Mew _ Open Existing
Global Variables in the testbench are not affected, because they will not be involved in the layout.
In Schematic Editor: Launch -> Layout XL Mg -
. .  Create Mew _ Open Existing
In Layout XL: Connectivity -> Generate ->All From Source ~ pufaes
= ayout/X &
@ éli—:gﬁ:[gx:ii:;d;ﬁ\:f;t:]ue-qmresschematic cellview "test inverter schematic' to be extracted. = \E
Cancel Help
5[ =
i VoPins PR Boundary | Roorplan Generate IYOPins | PR Boundary | HAoorplan
Specify Default Values for All Pins
5 Layer: Width: Height: MNum: Create:
Iz Chain ¥ Fold __ Chain Folds ] l W WET drawing I n 8.5 8.5 1 ARy
~ 1/OPins
__ Except Global Pins Specify Pins to be Generated Text is used to recogniZe
__ Except PadPins elect: TEET atches: Add New Pin...
+ PR Boundary st NumberOfMaches 0\ Sl ports correctly.
jal S Houndary Term Name Net Name Layer |wiidth |Height |Num |Create |
"gndt” "gnd” ["MET1" "pin") 05 05 1 t
"in" "in" ["MET1" "pin") 05 05 1 t e
Position nout” nout” (MET1 "pirr) 05 o5 1t |m  Set Pin Label Text Style (X
Minimum Separation 1 _ In Boundary "wdd!" "wdd!" ("MET1" "pin"} 0.5 0.5 1 t i
Height
Device Correspondence Fant
— Preserve User-Defined Bindings MName: Layer: Width:  Height: MNum: Create:
B VET pin 8.5 8.5 1_ v Update Text Options » Drafling
Connectivity Extraction i - —> 0 har
3 - Y ey
& Extract Connectivity after Generation [EIMII.EI — / Layer Mame PN N
» Create Label As & Label
= ek Display Same Az Pin
Layer Furpose metall n
Same &5 Pin Y,
m Cancel Defaults Help m Cancel Defaults Help
Justification centerCenter n
. . . . Orientation RO n
Generates a layout with all instances placed outside a rectangle (estimated cell boundary)
.:I' Cancel /| Help
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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 ;ell

RM (De)5Select Under Cursor b

e =->|. ) ) )

|y o L. Routing Ohject Granularity »
[ kake PR Boundary Mon-Selectable ]

Edit -> Stretch

s - ' Tools -> Clear All Measurements*m
Tools-> Create Meﬂa sureme@t*

Create -> Shape -> Rectangle

_ When moving pins include all parts.
S Best practice: Snap to the little "+"!

Point O,
O
dJ

'F3 opens move options (e.g. orthogonal, all angels etc.)
- (F3 opens options for all commands)

*Ruler in older versions

Don't have Bulk ?
Delete both transistors in layout.
Open schematic and change transistor property there (add substrate contact).
In Layout XL use Connectivity -> Update Components and Nets.

11.10.2017 IGS / Uni-Rostock 29



Layout Edit

e

av  mv  as  ns_—actual layer
N N\

active: [l MET1 drawing n -
Show: | T default(1) n\f/

Scope: | Used Layers Only
Search: Q

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

J

0:17

W

" Vvisible/selectable

o W)

o

=
/llllg/////// ’

i
o
o

P

e &
il

1
5%
IR,

Create -> Shape -> Rectangle
Ty .
First corner 0:0

Opposite Corner 6:3 @@ O@t@

Input with mouse or in CIW:
0:0 enter ->6:3 enter

Edit -> Copy
| 6:3

KEKEKKERKKEKERKKEKERKRKRKERKRKERRE KR KKK KKK KKK K
KREKKERKEKERREKERREEKERRERKERRERERRR KKK KKK K K |¢|(
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Layout - VIAs

Creating VIAs:
& PD_C : pSubstrat-Metallt Mjake them for the power stripes before

ND_C : n-Well-Metall ) )
PL C : Polyl-Metall routing of wires.
P2 C Poly2-Metall
VIA1_C: Metall-Metal2
VIA2_C: Metal2-Metal3
VIA3_C: Metal3-Metal4

Layout of single contact predefined. Do not change!

Stacked VIAs connecting more than
Number and alignmfent variable. Using "Compute from

¥ : , two layers available:
Shape(s)" fjlls area/with appropriate number of contacts.
Create Via [ Create Via X
WMode ingle ' Sfack o Auto tode o Single & Stack o Auta
Options j L fompute Frpm Shape(s) Optiahs  Compute From Shape(s
—_ ] P L4 p pe(s)
RIEE LTS Ll ket Mame ot
_ Create s RO, wial
_ Create as ROD Ohject Mame wial
via Definition jD_C‘ B 7 stondard via / TEGH 035H4
=
Start Layer End Layer
Save Wia Variant . <
|POLTL |MET3 Top Wia Rows 1 =
Systern User defined Cut pattern Top Yia Columns |1 =
Feset Paramgters to .. B
Justification centerCenter Yoon Yia Definitions Wia Type / Source
cut _ _ MET2 -> MET3 Viaz_C Standard via / TECH_C3584
CutClass B width 0.4 €3 Llength 0.4
Rws 1| B RowSpacing  [0.4 MET1 -= METZ MALC Standard Via / TECH_C3584
& o — &
Coumns < B coumnspacing 0.4 € POLYT -= METI P1_C Standard ia / TECH_C3584
Enclosures
‘ »  Compute Show Enclosures
. il .
Hk Rotate ¥il§ Sideways %Upside Diawn \_ Lk Rotate ), \_ Fil N Sideways \ =1Upside Down i,
€ cacel Hep w Cancel )|_Help

IGS / Uni-Rostock
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MET1-rail for vdd!

must enclose vdd!-pin

pmos-Transistor
in n-well (folded)

MET1l ———

Cell Layout

=
SRR

ND_C n-Well-Metall VIA

...

n-Well extended for vdd connection
- and merging with adjacent cells
-0.5:10 -> 6.5:20.5

Remember usage in (flipped) raws

ol

Transistors n-Well

POLY1

PIN in MET1

nmos-Transistor

MET1-rail for gnd!
must enclose gnd!-pin
To consider (design rules):
Polyl: width > 0.35y, space = 0.45u
Metall: width > 0.5y, space = 0.45u
Metal2: width > 0.6, space = 0.5u

11.10.2017

~ __—P1_CPolyl-Metall VIA

i

Hight: 20 um, Width: 6um

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

ik

7
2

“ v
-

A

i

. |
5 1
"

.’
" |
;=

A
flrcr

v
) |
i

,
%
i,

iy

(727

PD_C p-Substrat-Metall VIA

%
Ve

7

=t

gnd! -> Exclamation mark: global signal
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Cadence Layout - LVS

Compare Layout Versus Schematic

Assura -> Run LVS

' Run Assura LVS |

Run Location

local B

YWiew Rules Files L4

ciah4ca n

1gsSams /410 assura/o3bhd /o3bhd fextract. rul

Technology Rule

Extract Rules

Schematic Design Source |DFI n Use Existing Metlist Metlisting Options...

Use Yerilog Top Cell
Library test Cell  inverter Wiew  schematic Erowise..
Layout Design Source DFIl n UUse Existing Extracted Metlist L
Library test Cell  inverter Wiew  layout Browse..
Run Mame Run Directory ASSURA LVS/inverter

—  Compare Rules  fprogs/ams/410/assurasc35hd /c35bd fcompare. rul

Set  (Full B
WiE.. Reload
Wie..

Switch Mames no_info resimulate_e;*tr acted

Set Switches

— EBinding File(s) ,-"progs,-"a.ms,-"410,-"a33ura/\35b4,-"c:35b4f.bind. rul Wiew...
— RSF Include arogsfems /410 assura/c35hk4 /o35h4c3/LVWsinc lude. rsf Wiew...
Wariahle alue Drefault Description

Mone n

Yiew avParameters hodify avParameters\

Wiews avCompareRules hodify avCompareRuIes\

¢ avFParameters are set. ‘

13 avCompare rules are set. ‘

?..-

|'-- Progress

Assura LYS Run in progress
Run Mame: runl
Fun Dir: ASSURA_LVSAnverter
Frocess [d: 6309 (ipc:i14)
Start Time:  Jan 25 09:10:39 2016
Stap Run

‘Watch Log File..,
m Cancel Help

. >
wait! — |

File “iew Options Tools Help

Run: "run1" fram
fhomeskirchnerskefASSURA_LV Sfinverter

Schematic and Layout Match.
Do vau want to view the results of this rmin?

Summary of LV5 Issues

Extraction Information:
0 cells have 0 mal-farmed device problems
0 cells have 0 label short problems
0 cells have O label open problems

Comparison Infarmation:
0 cells have O Met mismatches
0 cells have 0 Device mismatches
0 cells have 0 Pin mismatches
0 cells have O Parameter mismatches

Mo Help

i LVS Debug - runl =

cadence

Cell List (sch || lay)

I
| o Exfract ® Compare Summary (sch || 1ay)

+++ Schematic and Layout Match

YWiew Additional Functions

€ cencel

Mo additional functions are set. | )
- Qpeh schematic Cell.

Open Layaut Cell... Dpen Tool..

Apply Defaults Load State Save State Yiew RSF Help

5]

X

11.10.2017

Necessary for QRC parasitic extraction

IGS / Uni-Rostock

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 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

ET

View -> Error Report

Position in Layout

Violated Rule File Help - cadence
Nexl[ Rule No. 367Y : Warning: No MET1 on MET1 Pin l
Pren | o l____
Cell Mame In cell Errocs Real Errors Instances Enwiconm

inverter layout test

Enw. Inst. Gount Hl Tl HE T2
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

r
|
I

— POSition in Layout

Solutions:
Extend wire to the right or

11.10.2017

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

Save Extracted Wiew _ Yiew Name drc_extracted .
Extended ruleset:

Area To Be Checked |Specify Area n Coordinates .. 200000 & 75000021, 200000 | Select Area .

R Rules for manufacturing ->
Run Mame Run Directary  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
—1
no switches! v \ Setsucnss
. 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 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] DEMOOOL : nissing METS design must contain all process layers

|
|
[1] DFMOOOL : nissing VIAZ design must contain sll 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.



no changes

Cadence Layout — QRC — Parametric Extraction
QRC -> Run Assura Quantus -QRC

QRC (B=zura) Parasitic Extraction Run Form

RC Coupled C: net to net (signals)

Decoupled C: net to power and ground only

QRC (Assura) Parasit/c Extraction Run Form

tup Extraction Filtering

Metlisting Run Details

Substrate

Technology |(G33h4c3 B

pelvsset MONE [0

Ruleset (Typical =

UserdultRuleSets

.

— Setup Dir Aprogs/ams /10 assura/c35bd /e35hd /RCE-typical

.

Include Command File

Rule Command File Include

Tech Crd File |User ]

Farasitic Res Component
Farasitic Cap Component
Parasitic Ind Component
Farasitic M Component
Inductance L1 Prap |d
Call Procedure

Substrate Extract
Extract MOS Diffusion &P
Substrate Profile

Library Prefix

Library Directary

Wigsy | Edib

Wigsy | Edib

Wigsy) | Edit

CQutput  Extracted View B Lib test Cell  inwerter

Enahle CellView Check

presistor aulws PRIMLII  Prop ld

poapacitor aulws PRIML.  Prop ld

Wiew av_extracted

H
1l

pinductor aulws PRIMLII  Prop ld 1
prind aulvs PRIMLIB Frop Id k
indl Inductance L2 Prap |d ind2
Extract MO5 Diffusion Res L

MOME B

Add LY3E MOS Diffusion Res
Extract MOS Diffusion High MNONE

.

m Cancel Defaults

Apply

Load State Save State

-
= I} -__
I
Library Directory: Specify a directory for writing locsl libraries created I
during the hierarchical extraction of an extracted view.

Wiew Cammand File Help

Setup Ertraction Filtering atlisting Run Details Substrate
Extraction Type RC * n Mame Space Schematic Mames B =
e fracture length infinite | /microns n Temperature 250 C | Eit
Cap Coupling Mode CUUP“?d Ref Made mdl| €— |
MuUlt Factar 1 1] Diffusion Equation R W
PEEC Mode Ladder Metyork Global Frequency rHz
Select,. User Region » g Edlit
Met Selection Type (Full Chip &l Nets B QRCFS Exfraction Mode |[NONE ‘
Layer Setup Customization  _ Edit.... Exclude Via Capacitance
i GIRCFS High
Resistance hMesh L & g
Select.. | R Mesh User Region . Wiew || Edit
From File _
SelFromEch .
SelEramlay) —
Litho Config File i
L] - . ey,
Contour Directory
Enahlg - -
Progress Form
- -

GIRC Run in progress

Run Mame: runi

11.10.2017

m Cancel Help

use gnd! or vcc!
.

The GRC run "runl” completed successtully

HRCE Celll  gin i shame/kirchnerske/ASSURA_LY Sfinverter [ Hierarchy, cequices
cell name i
Frocess ld: 6837 (ipc:16)
Start Time:  Jan 22 11:11:15 2016 L
— = The output is in :
e . K
wait! Library: test
\Stop Run Cell:  inverer
. Wiew: wiracted
Watch Log File.., o et

IGS / Uni-Rostock
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Cadence — QRC — Extracted view

Open View "av_extracted" in Library Manager

K]
i

N

Launch -> Plugins ->Parasitics : New Tab "Parasitics”"
Parasitics -> Setup Parasitics (gnd! and vdd! as reference nodes)

Display: » R o decoupled C & coupled © L _ K

Parasitics for net /in0O

S R 1.95 F3:n0

o 3] 106.6 FEiinO

o R 516 Saing

s R 118.6 Saing

gl R 795849 Fin0

red R T4.51m f1:in0

. frez . =] 1.932m f2iin0

In Schematic or av_extracted view: - 1.832m find

oy 'ca o 13.06 Faing

Launch -> Parasitics : New Tab "Parasitics" St rano

ey T deg e 2 T.a56a Saing
Parasitics -> Report Parasitics -> net : Select with cursor minn

In Schematic Parasitics -> Show Parasitics : Lumped values fane

. ey [ Tac.of F7ingd
Try also' net to net Aodn [ 995.2=2 A3in0
H H FlntY [ S971a Jind
terminal to terminal (r) (= = aazia prsen
fingsis) [ 10.25a IE:?nD

Viewing parasitics may be interesting.
More important is their use in postlayout simulation.

They will be included in simulation netlists.

11.10.2017 IGS / Uni-Rostock
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Open testbench (schematic)
Copy the inverter and its load.
Save as a new testbench.

In CIW:

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

We need different models for the UUT (inverter)

File -> New -> Cellview

L
..... "
o
..... G:;’F;jﬁ
S = S Sl e
.......... . - Tn\ferter______
v
m_):;f”
tr="5ep
T
rd
Mool
imverter ot
..... 1
.................... o .Lgu. S
11.10.2017

Original schematic

Netlist with extracted parasitics.

\

File
Library

Cell
Wiew
Type
Application
Cpen with

test n

schematic_postlayout

config
canfig B

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

Hierarchy Editor n

Top Cell

Library: [test

pifle /kirchner fskefcds. 1ih

Cancel Help

Cell invertertest_postlayout

Wigw:

schematic

ogo

Library List:
Wiew List:
Stop List

Congtraint List

Description

Glohal Bindings

test
spectre cmos_sch schematic veriloga ahdl
lspectre I

Default austriamicrosystems template for spectre

Use Template

Template

Mame:

From File: §

Ch16/share/cdssetupshierEditartemplatesispectre

m Cancel Apply Help

——

IGS / Uni-Rostock

Begin here!



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

Eile Edt Yiew Plugins Help cadence File Edit ¥iew Plugins Help cadence
= ¢ g S . _ -
o Bz & 0 ¢ @l2dE B E | b = a2 e s ¢ O FaE BB Update Nesded
| Top Cen [7/8)x] [_Global Bindings |7 X |
| Top cell 7i8)%| |_Global Bindings |78 %
Library: test Library List: test
- S Library: test Litrary List: test .
Cell:inverter_postlayout View List: schematic veriloga ahdl | . i e
View: schemat — Cell: inverter_postlayout Wiew List: schematic veriloga ahdl | ..
Sehsmalt Stop List spectre . ‘ & —
Yiew:  schematic Stop List t
; . op List: spectre .
Cpen Edit ADE L Constraint List: . QRO
Open Edit ADE L Constraint List: .
Tahle View Tree Yiew
Target: Instagce
Tahle Wiew Tree Yiew
Instance | Wigw To Use | Inherited WView List | Target: Instance
B} @ (testinverter_postiayout sc
b Q C0 {analoglib cap spec specire cmas_sch schematic verilo = = = =
(20 C1 fanaloglib cap spec... specire cmos_sch schematic verilo. : - Instance | View To Use | Inherited Yiew List
(21 10 flest inverter schemat... specire cmos_sch schematic verilo. XY (test inverter_postiayout sc...
+2) CO (analoglib cap spec... spectre cmos_sch schematic ver..
<hones C1 {analoglib cap spec... spectre cmos_sch schematic ver..
Explain. ay_exdracted 10 {test inverter schemat... spectre cmos_sch schematic ver..
. Open layout (L) MM (PRIMLIE nimo... spectre cmos_sch schematic ver..
(@) ¥ (Eng Open (Read-Only... schematic + (@) MP1 (PRIMLIB pmos... spectre cmas_sch schematic ver..
sutmbal 13 (test inverter av_extra... av_exdracted spectre cmos_sch schematic ver..
Expand Instance 4 b () MN1 (PRIMLIE nimo... spectre cmos_sch schematic ver..
Expand By Instance Group (3 Specify SPICE Bource File.. - () WP (FRIMLIB prios spectre cmos_sch schematic ver
Expand Subtree By Spacify Referarlce Verilag. ;’ ERNCEI spec:re cmosfscn sc:ema{!c YEr..
Collapse Sublree N avD43_ . spectre cmos_sch schematic ver...
- Bie Mark as Externpl HDL Text (AMS UNL only) () c1 (PRIMLIE pcapa... spectre cmos_sch schematic ver..
Add Stop Point (L) c2 (PRIMLIB pcapa... spectre cmos_sch schematic ver..
Remove Stop Paint () 3 (PRIMLIB peapa... spectre cmos_sch schematic ver...
Add Bind To Open (Skip Instance).. : 4 (FRIMLIE pcapa. I Y spectre DS_SCh scatc
RS A7) T O () c (PRIMLIE pcapa.. ) cmos_sch schematic
i Q c7 (PRIMLIE pcapa. A spectre cmos_sch schematic ver..
() o8 (PRIMLIB peapa,. spectre cmos_sch schematic ver..
] ,
Il Mamespace: CDBA Filtars: OFF , Il Mamespace: CDB& Filters: OFF  Update: Meeded
20(32) | - | 1 2032) | = l|

Parasitics

Replace (use RightMouse -> set in4sltance view ) schematic by av_extracted

11.10.2017 IGS / Uni-Rostock
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Cadence — Post-Layout Simulation - Result

Open the configuration in Library Manager

=

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 Help from "Simulation ADE GXL Start
Transient Response
M fout_schematic
M fout_tyout
W in
3.2
- / I‘\."". 2.4
150% _ \ ]
E’ 1 40ps E’
1 - . 16
i / '\
20%- ‘\.\_
1 - L e ‘ ; ; .
L T P ‘ T ‘ ' 0.0 5 1.0 15 2.0 25 3.0 35
95 1.0 1.05 11 115 1.2 1.25 13 de o)
time {ns)

OK, delay increased by some ps o
OK, no visible change

Shown for C;,,4= 4 fF. Less difference for higher load.



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—IDD\S Help cﬁden(e

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.

-

B il ) =
\ -

B il G load " /progs/GDS30_1. 8/skill/icdGDS3D. 11" ey
load "/fprogs/G0S30_1.8/skill/icdsDS30.il" | v o
- AL il QLI |
nmouse L: Il: R: nmause L:

1| load “progs/GDE30_1.8/skillficdGDE30.0"

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!

11.10.2017

IGS / Uni-Rostock

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

File Tools Options hitcit [[ERETIEN Help

Layout -= GDS3D
Run GDE30

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

ds/opv. gds, please wait. .

-
A

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.
11.10.2017 IGS / Uni-Rostock




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

Ug UB
UB = 3,3V
P UGSOTL ES 0,48V
UB 4%{ |V|21_% Moo N M2 1 USGOp - O,67V
p:j %—O Ua U &a = E
M s o . 62 O Ay KP, =170
U U o U
° nj a 5 J il A KPp=58E;
i A V

(doy = 7,6 nM)
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!)

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 pum.
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 CMOQOS 0.35u Technology

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

At the switching point both transistor-pairs are in the pinch-off state and passed
by the same current :

B B 2
~ Wes = Ugson)? = = (Up = Ues — Uscop)

But: There is a difference in the number of involved switching transistors
for the different input cases!

Common Equation for CMOS-Inverter:

B p 2
—n(Ues Ugson)® = 7;; (UB —Ues — USGOp)

Dissolve for U,g:

w
\/E(Ues — Ugson) = \/EP(UB — Ues = Uscop) B =KP-—

L

x U
Far UeS = 3

e

=N
=
NQNQ

t: KPN = 3-KPP

bu, Ugson + Up — Usgop
B
Ues =

bn
1+ B

iz,
1,

NQNQ

— Uscop

— Ugson

USGOp

UGSOn




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

NAND-Gate

UeZ O ﬂMA]Z
Ue1 o u :j_Mﬂ

o,
1, °

11.10.2017

~ Useop | _ 4 (1,65 - 0,7)2 090 [W]

3\1,65—-10,5 w
UGSOn [L

NQNQ

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

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

B B 2
%(Ues - UGSOn)Z = %(UB —Ues — USGOp)

\/E(Ues — Ugson) = \/Ep(UB — Ues — Usgop)

Lower transistor in NAND during switching phase:

/'g—;l' (Ugson *+ Upsi1) + U — Usgop

Ues =

Up
Far UeS = — UB 2
B KPN2 Bn 2~ Yseor
nges — T U
i P TB — Ugson — Ups11

ﬁpges = KPN - T
KPN = 3 - KPP

14 2

M U

[L]n_l, TB_USGOp

wl] 3 \U

I:T]p TB = UGSOn = UDSll

One p-transistor is and remains off.
One n-Transistor is and remains on.
Only an inverter is switching.

See if the values are acceptable with regard to noise margin.
Try to change W/L ratios to find a compromise.

p

Interesting, but we can implement one geometry only
and must configure a compromise.

W 2 W
L], 1 1,65 —-10,7 | L |
1= . =036 P
W] 3 \1,65-0,5—10,236V W
7], T,
W W
T], 1 (165-07\*_ . L],
W] 3 \165-05) W]
| L] L],

= 2,78

= 4,44



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

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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ADE XL Test Editor - test:nand2test:1

Setup Analyses Variables Outputs Simulation Results Tools Help

session

B Choosing Analyses -- Virtuoso® Analog Design || X

I elics oo di J
Design Variables Analyses W T Analysis
““ Mm“ o /—} o Hf w sens o dcmatch o sth
@ W pz o Sp o envip o pss

' hoise

' tran

;: w pac W psth i pnoise o pRf
o psp o fpss o gpac o gpnoise

 fjpef o qpsp o hb '« hbac

*®
° hbnoise
o

O M ot Y DC Analysis
| NemesSgnaliexpr | | sawoptions | [0 ing Foi
| Value | Plot | Save | Save DC Operating Point
Hysteresis Sweep L
From Schematic
Sweep Variable /
—_———
Component Mame  /¥1 Vel

_ Temperature
Design Yariahle
Component Parameter Parameter Mame de 1‘

Select Component

4

.

__ Maodel Parameter

M
[ ]
3(5) | Load State .. | Status: Ready | T=27 C | Simulator: spectre IJ

Sweep Range

ADE XL Test Editor - test:nand2test:1
Help cadence 7 S-S Start 0 Stop (3.3
'« Center-Span

Session Setup Amalyses Variables Outputs Simulation Results Tools

IS g2l 8= e 3= & &
Sweep Type

Analyses

& Step Size 0oL

Create/Edit analyses LS - | O Number of Steps

Design Variables
. . Add 5 ific Point:
Simulation Outputs S

Delete selected analyses Enabled v - L
R bled | automatic, linear, logarithmic
un enabled analyses
y m Cancel Defaults Apply Help

Plot

Design Variables

I T |1.6c ] 0 3.3 10m Linear Step Size Start-Stop /V1

£
g
0 © x I Elpi|

d D ag
& nag acn “H magnitude”
phase acp MG phase”
,‘" 1 type srcType  "Source type”
N edgetype  edgetype “Type of rising & falling ed
3(5) | Plot Outputs Status Ready\ T=27 C | Simulator: spectre IJ xfnag xfm “XF magnitude”
= pacnag pacn “PAC magnitude”
pacphase  pacp “PAC phase”
vale vi “Voltage 1"
vall vz “Voltage 2"
period per “Perod"
delay w “Delay time"
rise tr “Rise tine”
fall of “Fall tine”
width ow “Pulse width”
tel to1 “Temperature coefficient 17
te2 te2 “Temperature coefficient 2"
tnan thon “Nominal temperature”
< il -*_‘
[ o« NSRS 51
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Intranet

E'L (1) - test invertertest schematic

Launch Session  Setup Analyses Mariables Outputs  Simulation Results Tools Help cadence

Analyses =

Design Variables

]

0 5335 10m Linear Step Size Star-Stop A0

Setting Outputs -- ADE L'(2)
TaUeOfoutputs

Mame (opt.) in yes allv

Expression ©_beth yes |allv
o_bottom yes allv

Calculator " Open I\ Get Expression Ji CI.IIEEJ

N Plot after simulation: |AuUtd B Plotting mode: Beplace B Wil be ¥ Plotted/Evaluated

1i Measure type & Sig/lExp ' OCEAN ' MATLAB ' SPICE
2(3)| Delete | Status: Ready | T=27 C | Simulator: spectre ]J

o_top yes allv

From Schematic

Add s Delete I\ Change I\ Mext I\ Mew Expression J

@EE® e sepy ( Help )

Setting Outputs -- ADE L (2)

Selected Output

Mame (opt.}

Expression

Calculator | Open | GetExpression | C(lose |

Wil be ¥ Plotted/Evaluated

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

Add [‘ Delete A Change J\ Mext J[‘ Mew Expression J

@D el sppy ) _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

dVout 7.0
Y, 9.0

dVi, B
-13
-15
17

-19

\
'\.
!
|
".‘ Name
‘i Il /o_bottom_equal_nmos
1
\ I /o_both_equal_nmos
I /in

I /o_top_equal_nmos

ScuNEEEENEEE

00 02 04 06 08 10 12 14 16 1.8 2.0/22 24 26 28 3.0 32 34
de (V)

R ————t

%

[

»
»

|
A
) 4
A/
A

00 02 04 06 08 1.0 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

3.4

/o_bottom_equal_nmos
Il /o_both_equal_nmos
I /o_bottom_ams
I /o_both_ams

fin

3.0

& &8 R A S
HoE R e e

2.6

2.2

1.8

V (V)

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 characteristic of 2-input-NAND-Gates from AMS-0.35u-library

with Lyyos pmos = 0.350 Wyyos = 1.3250, Wppy s = 2.1p and self-made gate
with Lymos,pmos = 0.35u Wypyos = 1.0, Wppos = 1.6

(Characteristic for top N-transistor not shown, always beetween bottom and both)
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Simulation of 4-input-NAND from 0.35um library

x|

= Add Instance

Library LBDHEL'[ BD Browse

Cell [unquzl

\

Wiew Lsyi:ul

Mames

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

Columns 1

Array Rows 1

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

Hide Cancel Defaults || Help

D-input uses NMOS-transistor nearest to GND, A-
input is top NMOS-transistor.
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4-Input-NAND-Gate

Name Vis Lt
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 /oa 2 1 E
M /o_b 2 1 18 3
M /o_c % 1 —
fo_d 2 1> =
1.4 —
1.0 —
06 3
0.2 —
-0.2 3

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 = 0.35U Wiymos = 1.05p, Wppyos = 1.41

Leftmost line for switching lowest (nearest to ground Jnmos-transistor only,
rightmost line for all 4 inputs switched simultaneously
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