Full-Custom Design

Werkzeuge : CADENCE IC-Design / Analog Design-Environment
Design-Kits : AMS Hit-Kit
designSetup : ic ams A. Méder

Dem Full-Custom Layout liegt folgender Entwurfsablauf zugrunde:
1. Eingabe des Layouts mit dem Layout-Editor
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Full-Custom Design

Layouteingabe

Layouteingabe

1. Initialisierung der Shell und Start des Systems:

™ | maeder on tams11: informatikhome/maeder/demo - Befehlsfenster - Konsole

Sitzung Bearbeiten Ansicht Lesezeichen Einstellungen Hilfe
[maeder@tams111” demo>source “maeder-design.Setup [=]
design.Setup findreas Maeder £009.03
SYNOPSYS [synl Synthesis uZ008.09, vZ008.06
[phyl Sign-0ff+phys.Implementation v2008.12, v2008.09
[sim] Simulation (RTL) uZ008.12, vZ008.09
[msil Simulation (mixed signal)l uZ008.09
[ver] Uerification uZ008.12, vZ008.09
[Imc] Smartmodel uzZ005.09
CADENCE [ic 1 [C-De=zign Framework icb.1.3, iccll.2.41
[1dul dimulation, Verification ius8.1
[=oc] Synthesis+P&R soc?.1
[pchl PCB-Design spblb.1
Design-Kits SYNOPSYS ~ CADENCE
[ams1] +AMS HitKit u4.00
FPGAs [alt] QuartusII, NIOS vl.o, u3.2
[xill Alliance ud.1i
[infol —information about the tools
[none 1 -reset all paths to original values
input: ams ic
——tools. .. online-doc. ——version
AMS Hit-Rit ->»amshithelp wv4.00
Cadence [C-=stream —>ichelp vb.1.3
dpectre, Ultralim ->mmsimhelp  ur?.1HF?6
[naeder@tamns111” sdemo>ans_cds -mode msfb —tech c35b4l
[:] J\ Befehlsfenster o
Beim ersten Aufruf wird auflerdem nach der Prozessoption gefragt:
[4 Select Process Option A X

Please select the exact process option you are golng to use in L
This will enable a process option specific DRC and LVS check.

r

Exact Process Optian & CI5B4C3
— C35B4C0
— C35B4ME

m Cancel

Apply Help
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Das Hauptfenster der Entwurfsumgebung und der Library-Manager erscheinen:
8 ®

File Edit Wiew Design Manager Help cadence

_— Show Categories _ Show Files
Library Cell View

B_CELLS
BORDERS

CORELIE

CORELIE_3E

GATES

GATES_3E

IOLIBC_3B_4h
IOLIBC_AMA_3E_4M
IOLIBYS_4M

IOLIE_3E_4M

IOLIE_4r

IOLIE_akA&_3B_4hd
IOLIE_AMA&_dh —

= ==

Messages

Log file is “sinformatikshomedmaeder’'demosdibkanager.log”.
DE was auto refreshed. %

a4 1l ha

['] Virtuoso® 6.1.3 - Log: informatikhome/maeder/COS.1og

File Tools Options  HIT-Kit Utilities  Help cadence
Ainformatiks/isr tams /software/ans/vd, 00 /spectre /o3E fsoac/cap. scs captm
finformatilk/SisrftamsSsoftware/ams/wd. 00/spectre /o35 /s0ac/bip. scs hiptm
finformatik/isr /tems/software/ams/ vl 00/ /spectre /o35 /soac/ind. scs indtm

Definition File:
Finformatik/isr/teams/software /ams /4. 00 spectre/c35/soac/moparams. scs

finformatik/isr/tams/software/cds/ich. 1. 3/tools. lnxB6 /dfIT/hin/32hit /libSelect. exe: Sinformatik/isc/tam;

1l s
imouse L: I R
1 | HIT-kit: 4.00 Tech: c35hd4c3 User maeder |

2. (beim ersten Start) Erzeugen einer Bibliothek fiir eigene Entwiirfe:

['] Virtuoso® b.1.3 - Log: informatikhomemaeder/CDS.1og

:F Tools  Options HIIT—Kit Utilities  Help cadence
_______________ T
s/vd, 00 spectre/c3b/soac/cap. scs captm

Dpen... Cellview s/vd 00 /spectre/c3bfsoac,/hip. scs biptm

Import » — ~ s/wd 00 fspectre /o35 s0acind. scs indtm

Export P s fsoftware fans vl 00/spectre/c35/soac/moeparams. scs

Reftesh..  em e oo e e o

Make Read Only... software/cds/ic6. 1. 3/tools. lnxB6,/dfIT,/bin/32bit/libSelect. exe: Sinformatik/isc/tam:
I- Bookmarks > —
|  Close Data... h: R:
1 Exit... hdcd User maeder |
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[d New Library ol [
Library Technology File
Mame niyLih « Compile an &5CIl technology file

Directary {nan-library directaries) ' Reference existing technology libraries

& attach to an existing technology library

' Do not need process information

Design Manager m

Jinformatik home fmaeder Sdeman

Cancel || Defaults | Apply | Help

Die Bibliothek muss mit der Technologie des Herstellers verkniipft werden. Dadurch
werden prozessspezifische Parameter (Definition der Layer, Regeln fiir Design Rule Check
und Extraktion usw.) festgelegt:

['] Attach Library to Technology Library

Mews Library nyLih

Technology Library LEADFRAMES

F Tools Options  HIT-Kit Utilities  Help cadence
_______________ "
Library... s/wd. 00/spectre /o35 /soac/ind. scs indtm
Dpen..
Import » s/vd. 00 spectre/c35/s0ac/meparams. scs
Export P lsoftware/eds/ich. 1. 3/tools. LroB6 /dFTT/bin/3%hit 1ihSelect. exe . finformatik/isc/tan
Refresh... b as "/informatik /home /maeder/demo/myLik" e
Make Read Only... | successfully attached to technology library 'TECH_G3EE4'. v
I Bookmarks 3 —
I Cloze Data... Iz R:
1 Exit... hdcd User maeder |
[ New File 7|20 %
File
Library friyLik B
Cell irwl|
Wiemy Layout
Type |y out B
Application
Open with Layout L B
¥ Always use this application for this type of file

Library path file
Finformatik home /masder /demo/cds. 1ib

Cancel || Help
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Layouteingabe

Schon vorhandene Entwiirfe werden am einfachsten iiber den Library-Manager aus-

Cpen For Edit

File Edit Wiew Design Manager Help cadence
_ Show Categaries _ Show Files
Library Cell Views
myLik iny1 layaut
15 _fths a
analaglib
hasic Open (Read-Cnly)..  Ctrl+R
bmslib s Open With...
cdsDefTechLib
functional L caopy... Ctrl+C
shalib Q Eename... Ctrl+Shift+R
= Celete... Cirl+Shift+D

Messages

°d Properties...
Log file is “sinformatikshomedmaeder’'demosdibbanager.log”.

Il

Sort Edit Help Launch File Edit Wiew Create “erify Conneclivity Oplions Tools Window HIT-KIT Utilities Help

cadence

TecH casme || ¢ % 0 mx Q -
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» | & = || » [workspace: (Classic n”

[vial  do
Mmrz  fdee
Bmrs  [oce
erd  deo
[ pan dra
=
Moo _
[Wrons0 dra mouse L: mouseSingleSelectPt) h: dehlew() R: _xHitousePoplipg
l Mceisoe  [ara {1z ] Wit 400 Tech: c35b4c3 User: masder .

|X =400 Y140 (FS)Select 0 Sel(M): 0 DRD: OFF CAE: OFF  dX:dy: Dist: Cmd ‘

4. Layout erstellen — siehe: ,, CADENCE Grundlagen®“, 3 Der Layout-Editor.
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Design Rule Check

5. Der Design Rule Check (DRC) priift fiir ein fertiges Layout, ob die technologiebedingten
Regeln des Chipherstellers eingehalten werden:

8 Wirtuoso® Layout'Suite " Editing: myLib imvi layout [
Launch File Edit Miew Create SSSEES Connectivity Options Tools  MWindow  HIT-KIT Utilities  Help cadence
DRC... o i
| = 9 @ | c{}b ] Extract oKl | @) » || » :“'5 » ||Workspace: | Classic n”

ConclCe..
ERC...
LvS
Shots...
Prohe...
tdarkers »

mouse L: mouseSingleSelectPty) I: hiRedraw) R: _IxHitdouseFoplpd
2(3)| HIT-Kit: 4.00 Tech: c3Sh4ci User mae | wo-205 Yo 7.00 (FSiSelect 0 Sel(M): 0 DRD: OFF CAE: OFF di:-3.85 d¥:7.30 Dist 8300 Cmd:

Die Auswahl von no_coverage unterdriickt einige Fehlermeldungen im Layout:

[ DRC 7 X

Checking Method & flat _ hierarchical  hierw/o optimization
Checking Limit & full o incremental o by area

Coardinate Sel by Cursor
Swiitch Mames no_coverage Set Switches

Run-Specific Command File

Inclusion Limit 1000 Limit Rule Errars
Join Mets With Same Mame L Limit Run Errars 0
Echo Cammands ¥

Rules File divaDRC. rul

Fules Library ¥ TECH _C35B4

kachine ® local o remote tachinge

Use Errar Datahase

Cancel | Defaults | Apply | Help
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Wiéhrend des DRC-Laufs erscheinen in dem Hauptfenster die Ausgaben des Programms:

File Tools Options  HIT-Kit Utilities  Help cadence

kkkadrdts Suumary of rule violations for cell "inwl layoub!  #redesess &S
# errors Wiolated Rules
2 c051 Minimum CONT spacing = 0.4

1 MIEl Minimum MET1 enclosure of CONT = 0.15

1 M151 Minimum MET] spacing = 0.45

1 POWla Minimum GATE length of PMOS = 0.35

1 POWZa Minimum GATE length of WMOS = 0,35 -

4 POW3 Minimum POLY1 width for interconmect = 0.35 hd

10 Total errors found I
Il [

mouse L: mousesingleSelectPt) b ivHIDRC R _I=HibdousePopUpd

1 | HIT-Eit: 400 Tech: c3Sh4cd User maeder

Traten DRC-Fehler auf, so werden sie mit einem speziellen Layer (blinkend) markiert.
Die Grofle dieser Polygone beschreibt oft schon die Regelverletzung, zum Beispiel bei
Mindestabsténden. Die Regelverletzungen lassen sich einzeln auswéhlen und anzeigen:

Launch File Edit Yiew greate-cmnectivity Options  Tools  Window  HIT-KIT Utilities  Help cadence
DRC.. . i
II ¢ G Il =2 © |‘%}° 1B Extract —‘_"-| @ » || hy > :It;; » | ||Workspace: |Classic n”
a ConclCe..

ERC..
LS.

Explain

Delete
Delete All..

mouse L: mouseSingleSelectPt]) I: hiRedras() R: _lxHitdouseFoplpg
2(3)| HIT-Kit: 4.00 Tech: c3Shdcd User mae | X:-353 % 680 (FS)Select 0 Sel(M): 0 DRD: OFF CAE: OFF dX:-545 d¥: 7.20 Dist 9.030 Cmd:|
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[c] _o] [x _o] [x

File Help cadence il cadence

ceason:  POWla Minimum GATE length of PMOS = 0.35 = :“5 s ||Workspace: |Classic n =]

location: ("myLib" "invl® "layout")
CEas0n: G051 Minimum CONT spacing = 0.4

B | Helpaction
() e b KNS
Zoom To Markers Cellview Access Mode o read & write
Severity # all _ none
» fatal error # warning
» critical errar ¥ acknowledged warning
~ signed off critical errar & info
» error # annotation
» signed off error
Search Scope @ cellview )
— hierarchy
o~ library
Find by — master cell only & all occurrences

a0y Cancel | Previous || Mest || Delete | Help

hod
el il >
mouse L: mouseSingleSelectPty) I: hiRedraw) R: _IxHitdouseFoplpd
1(2)| | wo-440 % -z2.00 (F3)Select 1 SeliM):1 DRD: OFF CAE: OFF di:-6.25 d¥:-1.80 Dist 6.504 Cmd.|

Bei einem erneutem DRC-Lauf, nach Layoutdnderungen, werden die Marker aktuali-
siert. Ansonsten lassen sie sich auch manuell 16schen; die dann folgende Nachfrage ist zu

bestétigen:

[ | Virttioso® Layout Suite L Editing: myLib inv1 layout N ERE
Launch File Edit ¥iew Create BSSHES Connectivity Options Tools Window  HIT-KIT Utilities  Help cadence
= 5 @ |9 O E:t::act sE | o4 o S » || » [P » |workspace: [Classic n”

Canclce...
ERC...
LWE..
Shorts..
Probe...

tdarkers » .
Explain

Find..

Delete
Delete All
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[A' Delete AllMarkers 2l [a
Severity — all _ none
o fatal Errar o warning
o critical Errar o acknowledged Warning
» signed Of Critical Error » info
~ errar _ annotation
# signed Off Error

Search Scope

O]

cellview
 hierarchy starting from top cellview

' hierarchy starting from current cellview
Source W dro

@ cancel_Deraults _Apply _Help

Achtung: Vor den weitern Schritten muss das Layout so lange nachgearbeitet werden,
bis keine Fehler mehr vorhanden sind.
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Netzlistenextraktion
6. Voraussetzung zur Extraktion der elektrischen Netzliste ist die Kennzeichnung aller An-
schliisse als Pins — dieser Schritt ist in der Beschreibung des Layout-Editors dokumen-
tiert (3.8 Hierarchie). Die Spannungsversorgung wird mit den reservierten Bezeichnern
vdd und gnd markiert:

#f Wirtuoso® Layout Surte L Editing: myLib invi layout’ [

Launch File Edit View Create BSSHES Connectivity Options Tools  Window  HIT-KIT Utilities  Help cadence
DRC... = -

| = 9 @ | c{}b 1} — ok | G » || & » :"5 » |[|'Waorkspace: | Classic n”

ConclCe..

ERC.. M
LWE..

Shorts..

Probe...

tdarkers »

Fiir eine moglichst genaue Simulation wird eine vollstdndige Netzlistenextraktion, inklu-
sive aller parasitiren Kapazitdten, durchgefiihrt:

(4] Exiracion ) G

Extract Method ® flat . macro cell o full hier o incremental hier
Wiew Mames Esxtracted extracted Excell excell
Switch Mames capall] Set Switches

Run-Specific Command File  _

Inclusion Limit 1000 Limit Rule Errors 0
Join Mets With Same Mame L Limit Bun Errars i}
Echo Commands "

Rules File divaEXT. rul

Rules Library ¥ TECH_C35B4

Machine ® local o remote kachine

Use Error Database -

Cancel || Defaults ||_Apply | Help

10
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Wiéhrend der Extraktion erscheinen in dem Hauptfenster die Ausgaben des Programms:
['] Virtuoso® b.1.3 - Log: finformatikhomemaeder/CDS.1og

File Tools Options  HIT-Kit Utilities  Help cadence

4 poapacitor aulws PRIMLIE parasitics created.
Extraction started. ... ... Mon Apr 20 13:23:02 2009
completed .. Mon Apr 20 13:23:04 2009

CPU TIME = 00:00:00 TOTAL TIME = 00:.00:02

tkxdrrdr qummary of rule wviolations for cell "inwl lagoub®  #+eserers

Total errors found: 0O e
saving rep myLib/invl extracted d
Il as
Iimouge L mousesingleselectPtl) I: leHIEditDisplay Options() R: _lxHibousePopUpd

1 | HIT-Eit: 4.00 Tech: c3Sh4cd User maeder |

7. (optional) Anschlieflend kann das Ergebnis angesehen werden. In der extracted-View
sieht man das zugrundeliegende Layout und die Netzliste der extrahierten Komponenten

mit ihren Parametern:
= Library Manager: WorkArea: informatikihome/maeder/demo

File Edit Wiew Design Manager Help cadence
_ Show Categaries _ Show Files
Library Cell Views
myLik iny1 extracted
US_gths .... | exdracted | k
ahdILib layout = Open... Ctrl+0
analaglib
hasic
bmslif g Open With..
cdsDefTechLib
functional L Copy.. Ctr+C
% Rename... Ctrl+Shift+R
shalib v
s Celete... Cirl+Shift+D
RMESSAlES Propeties...
Log file is “sinformatikshomedmaeder’'demosdibbanager.log”.
« i
Cpen (Read-0Only)

] x|

File Taoals Options  HIT-Kit Utilities  Help

tauemnce

4 pcapacitor aulws PRIMLIE parasitics created.
Extraction started.. ... .. Mon Apr 20 13:23:02 2009
completed ... Mon Apr 20 13:23:04 2009
CPU TIME = 00:00:00 TOTAL TIME = 00.00:0%2
kkkkkkaks Qunmary of rule wiolations for cell "invl layout® EhEkEkEkE
Total errors found: 0 e
saving rep myLib/inwlfextracted v
~ B

| —
limouse L: mousesingleSelectPt]) td: leHIEditDisplayOptions() R: _IxHitousePopUpd
1 | HIT-Kit: 4.00 Tech: c35hdcd User: maeder

11
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Virtuoso® Layout Suite | Reading: myLib invi extracted =8 %
Launch FEile Edit Yiew Create Werify Connectivity Options Tools Window HIT-KIT Utilities  Help cédence

= | &% [ » & » » |[Workspace: | Classic n”

mouse L: mouseSingleselectPt) Az hiFani) R: _I=HitouseFopUp
2(3)| HIT-Kit: 4.00 Tech: c3Sh4cd Userm | X:5.05 %:-1.10 (FS)Select 0 SeliM): 0 DRD: OFF CAE: OFF  dX: dY: Dist: Cma:

12
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Aufbau einer Testumgebung

Aufbau einer Testumgebung

8. Start des Schematic-Editors um eine Testumgebung aufzubauen. Fiir die spédtere Simu-
lation treibt die Testumgebung die Eingédnge der Schaltung mit entsprechenden Quellen
und simuliert externe Lasten an den Ausgingen.

Schon vorhandene Entwiirfe werden am einfachsten iiber den Library-Manager aus-
gewihlt und gedffnet, wihrend man neue Entwiirfe folgendermaflen erstellt:

[ Virtuoso® 6.1.3 - Log: finformatikMome/maeder/CDS.1og

cadence

:FIUUIS Options  HIT-Kit Utilities  Help
Library... cs created.

Likrary path file

Open.. 13:23.02 2009
Impart » 13:23:04 2009
- 00 TOTAL TIME = 000002
Export » £ rule violations for cell "invl layout® FhEkEEEk
Refrash... | e
Make Read Only.. Jextracted i
I- Bookmarks » ]
| Close Data... h: R:
1 Exit... hdcd User maeder |
2 “New File 7 x
File
Library iy Lib B
Cell testInvl
WiEn schematic]
Type schematic n
Application
Open with Schematics XL n
M Always use this application for this type of file

Sinformatik home maeder fdemo /cds. 1ib

Cancel

Help

Achtung: die Testumgebung muss anders heiflen als das zu simulierende Layout, schlief3-
lich soll eine neue Hierarchieebene erzeugt werden, die das Layout (die zu simulierende
extrahierte Netzliste) referenziert!

13



Full-Custom Design Aufbau einer Testumgebung

9. Zuerst wird ein Symbol als Schnittstelle zum Schematic-Editor generiert:
Virtuoso® Schematic Editor XL Editing: myLib testinv1 schematic

Launch File Edit View |JIBSIJ Check Opfions Migrats Windaw HIT-KIT Utiliies Help Al
Sk Instance | -
- o I ) ‘ ' - . .
(=0 [ d ¢ | X & E 7 L L s [[workspace: Basic B
[ havigator 2| L Wire (namow) W
o ) o
Show: Default n L wire (wide) Shift+4
————————————————%5¢ ‘Wire Mame... L
Mame
2 | testinvl et Exprassion. .
= Pin P

Block...
Solder Dot
Mote ]
Fafchcoard..

Frobe 3
kultiSheet...

Dabei miissen die Bezeichner der Pins mit denen des Layouts iibereinstimmen. Zusétzlich
wird in dem Beispiel die Anordnung der Pins iiber die Eingabemaske variiert:

[4 Celview From Pin List

Input Pins inwl

Cutput Pins inw0

12 Pins wid gnd

Switch Ping

Library Mame nyLih Browse
\ o

Cell Mamea inwl]

Wiy Mame synbol

Tool / Data Type  schematicSymbol n

Display Cellview

Edit Options

€

m _Cancel | Defaults | Apply | Help

[4 Symbol Generation Options

Library Mame Cell Mame Wiew Mame
myLih invl symbol
Fin Specifications Aftributes
Left Ping inwI _List
Right Pins irwa _List
Top Pins wdd| List,
Bottom Pins  gnd _List
Exclude Inherited Connection Fing:
& Mone o Al o Only these:
LoadiSave _ Edit Attributes Edit Labels _ Edit Properties
_Cancel | _Apply | Help

14
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10. Design der Testumgebung — siehe: ,,CADENCE Grundlagen®, 4 Der Schematic-Editor.
In dem Schematic wird jetzt das Layout iiber das neu erzeugte Symbol referenziert:

Property Editor 7 E X

» Show Cateqories
Library Category Cell View

myLib inv1 symbal

IOLIB_AMA_4k

LEADFRAMES B testinyl

F&CKAGES

FRIMLIE

PRIMLIERF

SFCLIE_C35B4(]

] 21 [x SPIRALS_4h
TECH_C35B3

. . TECH_C35B4

Library myLih Browse US Bths

ahdiLib

analoglib =

Wiewy aymhol hasic

- himslib

Mames cdsDefTechLib

functional hd

Cell invl

Array Rowg 1 Columns 1

42 Rotate Ak Sideways | = Upside Down

Close Filters... Dizplay... Help
m Cancel | Defaults | Help - - : . - - . .

Als Ausgangslasten werden Kapazitidten von 0,1 pF benutzt:

|_Property Editor 78X S
[c] 2= (x| E& _o] [x
Library analogLih Browse T el Celgaiee
i i Library Category Cell View
Cell cap
) analogLib Passives cap symhbol
Wiew symbol
IOLIB_AMA_d4hd Everything auCdl
Mames LEADFRAMES B Uncategoriz | | core | auLvs
Egﬂﬁ;ES Actives solrefragment hspicteD
Array Fowis 1 Columns 1 FRIMLIERF Analysis frzcapynle Specire
SFCLIE_C35B40 Interface_El || ligaa)_balun
42 Rotate Ak Sideways = Upside Down SPIRALS_4M Misc ind =
TECH_C35683 Parasitics mind
TECH_C35B4 ] msling
U3 _Gths SOUfCes miline
Model name ahdiLib phyres
) = rewdreload b~
Capacitance 1o0f F hasic res
. hmslib spltswitch
B cdsDefTechLib spzlswitch
Length functional hd spatswitch
myLiky spdtswitch
kultiplier - atn o i switch
. | Il — e il
Scale factor
Close _Filters... _Display... Help

Temp rige from amhient

15
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Eine Gleichspannungsquelle treibt die Versorgungsspannung vdd und gnd; fiir die Si-
mulation werden zusétzlich die entsprechenden Symbole aus der Bibliothek analogLib

bendtigt: _
© ) b B = &

& Show Categories

Library  analogLib Browsse
b B Library Category Cell View
Cell wic
. analagLib Independent wdo symbol
Wiew symbol .
IOLIB_AMA_4M - || - 5 Everything isource N EDI=E]
Marmes LEADFRAMES 7 Uncategariz pdc aulys
PR e I Cpociro
- } pa spectre
Array Rows 1 Columns 1 PRIMLIERFE J ;ﬁ.?arlfysm o ppulse
SFCLIB_C35B40 - Interace Bl o
42 Rotate Ak Sideways | = Upside Down SPIRALS_AM Misc ppwif
TECH_C35B3 | Parasitics psin
TECH_C35B4 | Passives vam
15 _fths = Sources whit
Maise file name ahdiLib = Depend:
g - Ve
Murmber of noisedren pairs 0 hasic I Glabals vpuilase =
bmslib 2 wpwl
DG welizge 3w cdsDeechLib = Forts vt
AC magnitude functional ) 52500 fysfin
myLik wsin [
AC phase e ”I-II | 1l vsauree =
#F magnitude
Close_ _Filters... _Display... Help

PAC magnitude

Eingangssignale kénnen beispielsweise durch pulserzeugende Spannungsquellen model-
liert werden — in dem Beispiel mit 10 ns Periode und 0, 1 ns Flankensteilheit:

@ ) ®
Library  analogLihb Browse
cell vpulse

Wiew symbol

MNames
Array Rows 1 Columns 1
A7 Rotate o Ak Sideways | =5 Upside Down =
Frequency name for 1/period b E]@ @
N6t (T e & Show Categories
Library Category Cell WView
Mumber of noisedreny pairs 0
analogLib Independent viulse symbol
DC valtage .
IOLIE_aNA_AM | | [ 5 Everything | [isfim o ([eucan
AC magnitude LEADFRAMES 7 Uncategoriz isin aulvs
F&CKAGES T Actives isource hspicel
AC phase FRIMLIE - analysis s spectre
_ PRIMLIERF - rry o [
HF RS SFCLIB_C35B40 ] [;_9 aee Bl hont
) SPIRALS_4M L ppulse
PAC magnitude TECH_C3583 - Parasitics PR
PAC phase TECH_C35B4 | Passives Pt
U5 _gths ] Sources psin
Voltage 1 ov ahdiLib © Depende |[¥am _
= = whit =
Voltage 2 3.3¥ hasic - Glohals v
X bimslib = VERp
Period 10n = cdsDefTachLib Parts
i = Z_5_ Do
Dk i 1 on = functianal V] = wpwl o
myLib Wt
Rise fime 100.0p 5 S H I Wi
w1 S —— i 1), i il
Fall time 100.0p =
Close Filters... Dizplay... Help
Pulze width 4.9 s ) - ) - ) - ) -

Nachdem alle Komponenten miteinander verbunden sind, wird die Schaltung gesichert;
dabei sollte auch gleich ein Schematic Rule Check durchgefiihrt werden.

16



Full-Custom Design Simulation der Schaltung

Simulation der Schaltung

11. Initialisierung der Simulationsumgebung ,ADE L*“; die Frage nach der Lizenz ist zu

bestatigen:
ADE KL L - el _ Basic | ”.
[ spEGM Iy
q Layout XL
[l Layout GHL

Schematics L
Schematics XL

Hierarchy Editar

tdixed Signal Options
FCD

Simulation »
Diiva

Farasitics

Property Editor 78X

{deLicense-7) Could not get a license for ADE L.
H Would you like to try to get a higher-tiered license
to run this product?

Anschlieflend muss die Konfiguration fiir die spitere Netzlistengenerierung so gedndert
werden, dass die aus dem Layout extrahierte Netzliste beriicksichtigt wird:

Virtuoso® Analog Design Emvironme = ibtes schematic (]=] ()
Session - Analyses Mariables Outputs  Simulation  Results Tools  Help cadence
Status: Design ...
SimulatarDirectorysHost . .
Design val Turbo/Parasitic Reduction .. [¥58s &_
amel Maodel Libraries ... pe - [Enahble | Arguments Y |-
Temperature .. o AC
Stitnuli ... =| /0c
Simulation Files . |
MATLAE/Simulink » =

|11 >
| Envromment.. |

(1]

MamesSignal/Expr -~ [Value |Plot [Save | Sawve Cptions |

C
- QO X

U [l N

— L L Plotting mode:  |\Replace n

W
o
“o

4 | Environment ... |

17
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[d Emironment Options

Switch Wiew List spectre cmos_sch extracted schematic

Stop Wiews List spectre ahdl weriloga

Parameter Range Checking File  /isr/tams/software/amsvd 00/ spectre/ans_rangs. Ints

Analysis Order |

Print Comments (S

userCmdLineCption

Automatic output log ¥

Use SFICE Metlist Reader(spp): v N
savestatelss): Y M
recoverirec): _ % _HM

m Cancel Defaults Apply Help

12. Dann werden die Art der Simulation und der zu simulierende Zeitraum (in dem Beispiel:
20 ns = 2 Perioden) spezifiziert:

i Virtuoso® Analog Design Environment (2) = myLib testinvi schematic

Sesgion  Setup  Analyses Mariables Outputs  Simulation  Results Tools Help cadence
Il Status: Ready T=27 C  Simulator: spectre |
Design Yariables Analyses
Y Enable |
' AC
. lk—.

Analyses ..

-~ ~
| I

] (==
Cutputs -

['] Choosing Analyses - Virtuoso® Analog Design Emarol 12— 3

Analysis & tran o dc o ac  hoise
w A osens o domatch o sth
W Pz A sp w Eenvip w P55
w pac o psth O pnoise o pef
W psp W gpss U gpac  Opnoise

o qpAf o gpsp

Transient Analysis

Stop Time 20n

Accuracy Defaults (errpreset)

& conservative _ moderate _ liberal

__ Transient Moise

Enabled Options...
. )

Cancel Defaults Apply Help

18
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Simulation der Schaltung

13.

Vor der Simulation miissen noch die Signale ausgew&hlt werden, die geplottet werden

sollen. Dies geschieht am einfachsten durch Auswahl der Netze in in dem Schaltplan:

=

5| Setup Cutputs ..

Session  Setup  Analyses Mariables Outputs  Simulation  Results Tools Help cadence
Status: Ready T=27 C  Simulatar: spectre
Design Yariahbles analyses &E
Mame - | Yalue | | Type- |Enakle | Atguments oy i
1 tran v 0 20n conservative o AC
£ bC
- Trans
=
" o
_| Outputs i.a..
MamerSignaliExpr ~ [Value |Plot |Sawe | Sawe Options | ky’“"
Setup Cutputs ..
N &N
o

e Plotting mode:

Beplace

Die dabei selektierten Netze werden im Schematic farbig markiert und ihre Bezeichner

% Wirtiioso® Analog Def[4|

Launch File Edit ¥i
(" g 3

Navigator 5| Signal
Show: Default I Type

Will be

Mame {opt.)

Mame

E- = testinv

&) Co (cap)
)10 (invT)
) W0 (vdc)
)W (vpulse)
gnadl
netd
netd
vidd!

|_Property Editor 78 %

Ao Delete Change It

in dem Simulationsfenster eingetragen:

Selected Output

et
wvoltage

# Plotted _ Saved

From Schematic |

Mew Exprassion

s b
Tahle Of Cutputs

_ MamesSignal/Espr ~ |value |Plot | Save Option
netd ves ally

L
2

@I concel Apply

_Help

mouse L: schiingleSelectPt])

.2(3)| HIT-Kit: 4.00 Tech: c3Shdci User maeder modify_plot

I: hiRedras()

Cmd: Sel: 0 Status: Selecting  outputs 10 he ploﬂed...|T=2? C | Simulator: speclre|

R: schHikdouseFoplpg
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Simulation der Schaltung

14. Simulation starten:
- VirtuosoE Analog Design Emaronment (2) - mylibiestinv schematic

Session Setup Analyses  Wariables Outputs  Simulation  Besults Tools Help cadence
I Status: Ready T=27 C  Simulator: spectre i
Desigh Variables Analyses
Mame -~ | Yalue T Type -~ |[Enahle | Argument y g
1 tran v 0 20n conservative ® AC
)
' Trans
4 i Vil Eii]
_| Outputs “::_,
: MWamesSignal/Expr -~ |walue | Plot [Save | Sawe Options | i
'1_net9 ' e ally X
2 net3 s ally
=
L) ;'k___ﬁ_|
~ B - i
= e 1l > Metlist and Run
~ B N — '
e A d Flotting mode:  |Replace n hAs
i il

Die Ausgaben des Simulators erscheinen in einem extra Textfenster:

['] informatikhome/maederidemolSimitestinviispectre/schematicipstisper ' |'T

Eile Help cadence
tempeffects = all —
errpreset = conservative
method = gearZonly
lteratio = 10
relref = alllocal
cin = 0 F
guin = 1 ps
tran: time = TOO ps (3.5 %), step = 200 ps 1 %)
tran: time = 1.7 ns (8.5 %), step = 200 ps (1 %)
tran: time = 2. 518 ns (12.6 %), step = 19.34 ps (96, T m%)
tran: time = 3. 534 ns (17.7 %), step = 166.9 ps (835 m%)
tran: time = 4. 534 ns (22.7 %), step = 200 ps (1 %)
tran: time = 5 534 ns (27.7 %), step = 200 ps (1 %)
tran: time = 6. 534 ns (32.7 %), step = 200 ps (1 %)
tran: time = T.503 ns (37.5 %), step = 19.96 ps (99 8 m)
tran: time = & 525 ns (42.6 %), step = 43,68 ps (218 mx)
tran: time = 9. 512 ns (47.6 %), step = 200 ps (1 %)
tran: time = 10 51 ns (E2.6 %), step = 200 ps (1 %)
tran: time = 11 .51 ns (57.6 %), step = 200 ps [y
tran: time = 12 51 ns (62.6 %), step = 19.12 ps (956 m%)
tran: time = 13.51 ns (67.6 %), step = 162.3 ps (811 m%)
tran: time = 14 51 ns (72.6 %), step = 200 ps (1 %)
tran: time = 15 51 ns (77.6 %), step = 200 ps (1 %)
tran: time = 16.51 ns (82.6 %), step = 200 ps (1 %)
tran: time = 17.5 ns (87.5 %), step = 19 96 ps (99,8 mi)
tran: time = 18.53 ns (92,6 %), step = 43.7 ps (219 m)
tran: time = 1951 ns (97.6 %), step = 200 ps (1 %)

Wumber of accepted tran steps = Eo4
Intrinsic tran analysis time = 20 ms.
Total time required for tran analysis “tran' was 20 ms.
finalTime0P: writing operating point information to rawfile
designParan¥als: writing netlist parsmeters to rawfile
primitives: writing primitives to rawfile

subckts: writing subcircuits to rawfile

Bggregate andit (10:39:28 AM, Wed Apr 22, 2009):

Time uged: CPU = 204 ms, elapsed = 204 ms, wtil. = 100%

Time spent in licensing: elapsed = 10 ms.

Wirtual memory uvsed = 441 Mbytes.

spectre completes with 0 errors, 0 warnings, and 2 notices

[l T
7]
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15. Nach dem Abschluss des Simulationslaufs zeigt ein Fenster die zuvor selektierten Signale
an. Zur Interpretation der Ergebnisse stehen hier Marken, Zoomfunktion und Analyse-
werkzeuge zur Verfiigung:

pr 0: 000 6

I 1es schematic

: Lz ()
Trace Marker Zoom Tools Help cadence

SR#HENESEREE » @ Xk B2 al-chel

Transient Response m

File Edit Frame Graph Axis

B /netS Einet3
35

3.0

2.5

2.0

10

-5
o] 5.0 1o 15 20
2.17ns 1.6268Y time (nsy
i graphl.tracel:/net3

So lassen sich beispielsweise Zeiten und Spannungen mit Hilfe von Markern auf den
Impulsdiagrammen messen:

4 ihtes schematic : Apr 0:39:
File Edit Frame Graph Axis [Trace| Marker Zoom Tools Help cadence
SRHENFEEBE 7 «JLabel
Transient Respanse [
Mewr Graph ]
ety Elnet3
35

¥ Trace Cursor
Wert Cursar
Hariz Cursar

20 O Delta Cursar

2.5

Load Trace...

2.0

Strip by Family
Select by Family
E SelectAll
=
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L, - | b2 UUY b EE T
File Edit Frame Graph Axis Trace Marker Zoom Tools Help (éden(e
ErEENFERBLE * ER 1 A==t Label

Transient Kesponse m

et ESnet3
3.5

2.0

2.5

2.0

1.0

-5
o] 5.0 10 15 20

K 1850 165V Z.189ns | 165 time {ns) dxjay| zlsgps| 1.3296uv © 5.08E3

. =

Zeigt die Simulation ein ,falsches* Verhalten, dann miissen folgende Schritte wiederholt
werden:

3./4.  Anderung des Layouts
5. Design Rule Check
6. Netzlistenextraktion

14. danach kann die Simulation erneut gestartet werden
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Simulation der Schaltung

16. Beenden der Simulationsumgebung nach der Analyse:

nalog Design Emaronment(2) - myLib testims1 schematic

- Setup  Analyses

Mariahles  Owtputs  Simulation  Besults Tools Help cadence

Schematic Window ...

Y Save State ..

imulator: spectre

Load State ..

Analyses

Options ...
What's Mew
Reset

Sawe Ocean sScrpt.. ||

5 | Guit

O Piotting mode: (Replace [

= Results in finformatik/home/maeder/demosSimdestine ispectredschematic

Enable | aArguments [ ﬁ

4 0 Z0n canservative

Outputs t:_.

[ bt

[4' Save State Ouery

@ Do you want to save the current state®

L Mes m Help |

17. ...fertig — CADENCE IC-Design verlassen:

[ Virtuoso® 6.1.3 - Log: finformatikMome/maeder/CDS.1og

- Tools Options  HIT-Kit Utilities  Help cadence

1 Hew 4 .r\

Open.. eded. ..

Import »

Export ’ successfully.

Refresh... ta. ..

Make Read Only.. =
1 |

Bookmarks » =i
|  LClose Daa... 1Pt M: ddsHiPrefarences() R: schHibousePoplpg ,|

@ O to exit vituoso?
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