Full-Custom Design

Werkzeuge : CADENCE IC-Design / Analog Design-Environment
Design-Kits : AMS Hit-Kit

designSetup : ic ams A. Mider
Dem Full-Custom Layout liegt folgender Entwurfsablauf zugrunde:

1. Eingabe des Layouts mit dem Layout-Editor

2. Kontrolle durch einen Design Rule Check

3. Extraktion der elektrischen Netzliste fiir die Simulation

4. Aufbau einer geeigneten Testumgebung

5. Simulation der Schaltung
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Full-Custom Design Layouteingabe

Layouteingabe
1. Initialisierung der Shell und Start des Systems:

maeder ontams11: hometams_1/maeder/demo - Shell - Konsole
Sitzung Bearbeiten Ansicht Lesezeichen Einstellungen  Hilfe
[maeder@tams1117 demo>source “maeder-design.Setup
design.Setup fAindreas Maeder 2007.11
SYNOPSYS [synl Synthesis, Verification vZ007.03, v2007.06 ...
[zim] Simulation tools vZ007.03, v2006.06 ...
[Imc] [hspl Smartmodel ~ HSpice uZ005.09 ~ v2007.09
[layl Layout+Simulation vZ007.03, v2006.12 ...
CADENCE [ic 1 IC-Design Framework ic5.1.41
[1dv] Simulation, Synth., Verif. ius5.7
[=oc] SoC Encounter: Synthese+P&R so0c5.2
[pr] Placement & Routing se5.4
[pchl PCB-Design sph15.2
Design-Kits SYNOPSYS ~ CADENCE
[ans] +AM3 HitKit uv3.70
FPGAs [alt] QuartusII, NID3 u?.2, vi.2
[xill fAlliance ud.1i
[infol —information about the tools
[nonel -reset all paths to original values
input: ams ic
—tools. .. online-doc. ——version
AM3 Hit-Kit —>amshithelp v3.70
Cadence IC-strean —>ichelp u5.1.411ISR
fissura: drc, lus, extract ->asshelp v3.1.5
IC-Craftsman —>icchelp ull.2.41USR3
UltraSim (MMSIM) —>usimhelp u6.0ISR
[maeder@tamns111” deno>ans_cds —mode msfb —tech c35h4 -
Wl Shell

Beim ersten Aufruf wird aufierdem nach der Prozessoption gefragt:

Select Process Option =

0K | Cancel Apply Help

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

Exact Process Option 4 C3aB4C3
C35B4C0

C33B4ME6




Full-Custom Design Layouteingabe

Das Hauptfenster der Entwurfsumgebung und der Library-Manager erscheinen:

Library Manager: Directory ..amsNFShometams_1/imaede

Fle Edit View Design Manager Help
Show Categories Show Files
Library Cell View

EBEORDERS
CORELIE
EP_FACKAGES
GATES
TOLIEWE_4M
IOLIE 4M
IOLIB_ANE 4M
LEADFRAMES
PRIMLIE
FRIMLIERF
SFCLIE_C35B4C3
SPIRALS 4M
TECH_C35E3
TECH C35E4
Us_B8ths

Messages
Log file is "/t=msWFS/home/tams_l/maeder/demo/libManager. log".

msfh - Log: famsNFShome/ftams_1/maeder/CDS.log

File Tools Options HIT-Kit utilities Help | 1

END OF SITE CUSTOMIZATION.

t

Process Option set to: C35E4C3

Calibre Runset File created: .calibreRunset

mouse L: M: E:
HIT-Kit: 3.70 Tech: c35bdc3 User: maeder

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

msfh - Log: tamsNFS homeitams_1/maeder/CDS.log

File | Tonls Options HIT-Kit utilities Help 1

E New Library...

‘o
p Open... Cellview... [3
[ Import created: .calibreRunset

Ezxport

Refresh...

Make Read Only...

Close Data...

Defragment Data
1 Exit... LE R:
HIT-Kit: 3.70 Tech: c35bh4c3 User: maeder




Full-Custom Design Layouteingabe

New Library m

OK Cancel Defaults Apply Help
Library Technology File
Name |myLib | If you will be creating mask layout or

5 y n n other physical data in this library, you
Directory (non-library directores) i

will need a technology file. If you plan
to use only schematic or HDL data, a

technology file is not required.

Compile a new techfile
# Attach to an existing techfile
tamsNFS hone /tams_1/masder /demc Don't need a techfile

Design Manager Mo DM

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 Design Library to Technology File

OK Cancel Defaults Apply Help
sy Dosin Loy myLih
Technology Library TECH_C35B4

3. Start des Layout-Editors — bei neuen Entwiirfen:
msfhb - Log: tamsNFShometams_1/imaeder/CDS.log

File | Tools Options HIT-Kit utilities Help | 1
New Library... ith the Library Manager. .
[0 _ - tamsNE'S /home Stams_ 1 /maeder /demo myLihb
pen... Cellviewr...
Import ary List with the Library Manager.
Ezxport

ary list with the Library Manager.

Refresh...
ary list with the Library Manager.
1 Make Read Only... |} gycoessfully attached to technology library 'TECH _G3ISE4'.

Close Data...

Defragment Data
1Exit... M: R:
HIT-Kit: 3.70 Tech: c35b4dc3 User: maeder

Create New File m,

OK Cancel | Defaults Help

Library Hame myLib

Cell Hame [ 1ot |

View Hame Layout;

Tool Virtuoso

Library path file
NFS /home /teams_1/maeder /demo fcds. li]:_i:_




Full-Custom Design

Layouteingabe

Schon vorhandene Entwiirfe werden am einfachsten iiber den Library-Manager aus-
gewdhlt und geoffnet:

Library Manager: Directory ...amsNFS/home/tam

Library
TnyLib

LEATFRAMES
FRIMLIE
FRIMLIERF

SPIRALS 4M
TECH_C35EB3
TECH C35E4
US_B8ths
ahdlLib
analoglih
hasic

functional

myLik
shaLih

Messages

SFCLIE_C3EB4C3

cdsDefTechLih

File Edit View Design Manager

Show Categories Show Files

Call
Hinvl

inwl

View
Hagyout

layout

Log file is "/tamsNFS/home/tams_l/maeder/demo/libManager. 1o

Open (Read-Only)

Canopt Choapkal

Nhow iy Slalus...

B
Sort  Edit Help

TECH_(35B4
Show Objects
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g Virtuoso® Layout Editing: myLib imv1 layout

X 15 ¥:-1.0 (F) Select: 0

Tools Design Window Create Edit Verify Connectivity Options Routing Migrate HIT-KIT Utilities

mouse L: mouseSingleSelectPt

HIT-Kit: 3.70 Tech: c35h4c3 User: maeder

AnschliefSend erscheinen die Fenster des Layout-Editors:

DRD: OFF

M: leHiMousePopUp ()

Cmd: 3

R: geScrollinil "e"inil)

4. Layout erstellen — siehe: ,,CADENCE Grundlagen”, 3 Der Layout-Editor.



Full-Custom Design Design Rule Check

Design Rule Check

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

Virtuoso® Layout Editing: myLib ims1 layout
¥ -9.30 ¥: 8.55 (F) Select: 0 DRD: OFF d¥: -2.70 dy: 12.55 Dist: 12.837 Cmd: &

Tools Design Window Create Edit Verify | Connectivity Options Routing Migrate HIT-KIT Utilities Help
M3P3 Check Fins...
DRC...
Extract...
Suhstrale Couplbug fAnplvsis..
ConclCe...
ERC...
LVS...

Probe...
Markers

mouse L: mouseSingleSelectPt M: leHiMousePopUp () E:hiZoomibsoluteScale (hiGetCurrenty
HIT-Kit: 3.70 Tech: c35b4c3 User: maeder

Die Auswahl von no_coverage unterdriickt einige Fehlermeldungen im Layout:
DRC 3

OK Cancel | Defaults | Apply Help

Checking Method & flat hierarchical hier wio optimization

Checking Limit & full incremental by area
Conrilinats Sel by Cursor

Switch Hames no_cowverage Set Switches

Run-3pecific Command File

Inclusion Limit 100¢ Limit Rule Errors 0
Join Hets With Same Hame Limit Run Errors 1]
Echo Commands |

Rules File divalRC. rul;

Rules Library M |TECH C3GE4

Machine # local . remote Machine

Use Error Database




Full-Custom Design Design Rule Check

Wihrend des DRC-Laufs erscheinen in dem Hauptfenster die Ausgaben des Programm:s:

msfh - Log: famsNFS homeftams_1/maeder/CDS.log m,
File Tools Options HIT-Kit utilities Help | 1
trrtrrerr qunmary of rule wiolations for cell "inwl lagout" *esdesass
# errors Wiclated Rules

2 C0S1 Minimum CONT spacing = 0.4

1 MIE1l Minimum MET1 enclosure of CONT = 0.15

1 mMlsl Minimom MET1 spacing = 0.45

1 PoWla Minimom GATE length of PMOS = 0.35

1 POWZa Minimom GATE length of MMOS = 0.35

4 POW3 Minimum POLY1 width for intercomnect = 0. 35

10 Total errors found
I |
mouse L: mouseSingleSelectPt M: leHiMousePopUp () K: 1vHiDRC ()
HIT-Kit: 3.70 Tech: c35h4c3 User: maeder

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

Virtuoso® Layout Editing: myLib imv1 layout
¥ -8.10 ¥: 8.50 (F) Select: 0 DRD: OFF dX: -1.50 dy: 12.50 Dist: 12.590 Cm: B

Tools Design Window Create Edit Verify Connectivity Options Routing Migrate HIT-KIT Utilities
relativ CopyfMovelStretch

Find DRC Markers
Create Contact Paths

callDrcErcForm )

mouse L: mouseSingleSelectPt M: leHiMousePopUp () R:
HIT-Kit: 3.70 Tech: c35b4c3 User: maeder




Full-Custom Design Design Rule Check

Virtuoso® Layout Editing: myLib ims1 layout

¥ -7.00 Y. -1.00 (F} Select: 1 DRD: OFF dx: -0.40 d¥: 3.00 Dist: 3.027 Cmd: B
Tools Design Window Create Edit Verify Connectivity Options Routing Migrate HIT-KIT Utilities Help

DRC Error Search

OK | Cancel | Previous| Next| Delete all Marker

Error:

POWla Minimum GATE length of BMOS = 0.35

POWZ2a Minimum GATE length of NMOS = 0.35

POW3 Minimum POLY1 width for interconnect = 0.35
G051 Minimum CONT spacing = 0.4

p15]l  Minimum MET1 s 0
MIE]l Minimom MET1 enc

Error Humber

Zoom Factor

/ mouse L: mouseSingleSelectPd
Total Errors found: 10

Um die (storenden) DRC-Markierungen zu l6schen, kann der Knopf Delete all Marker
benutzt werden. Die dann folgende Nachfrage ist zu bestatigen:

Delete All Markers m

OK Cancel Defaults  Apply Help

Severity % all error waming

Search Scope 4 cellview
hierarchy starting from top cellview
hierarchy starting from current cellview

Source W drc

Ansonsten werden die DRC-Markierungen durch einen neuen Lauf automatisch gelscht.
Das Layout muss so lange nachgearbeitet werden, bis keine Fehler mehr vorhanden
sind.



Full-Custom Design

Netzlistenextraktion

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:

Virtuoso® Layout Editing: myLib imv1 layout

X: -10.70 ¥: 8.55

(F) Select: 0

Tools Design Window Create Edit Verify | Connectivity Options Routing Migrate HIT-KIT Utilities Help
M3P3 Check Fins...

DRC...
Extract...

Subistrale Couplbun fAnalvsis...

ConclcCe...
ERC...
LVS...

Probe...
Markers

DRD: OFF dx: -5.45 dy¥: 5.80 Dist: 7.959 Cmd: 6

Fiir eine moglichst genaue Simulation wird eine vollstindige Netzlistenextraktion, in-
klusive aller parasitdren Kapazitdten, durchgefiihrt:

Use Error Database

OK Cancel Defaults  Apply Help
Extract Method & flat macro cell full hier incremental hier
View Hames Extracted |extracted Excell |excell
Switch Hames capall Set Switches
Run-3Specific Command File
Inclusion Limit 100g Limit Rule Errors 0
Join Hets With Same Name Limit Run Errors 0
Echo Commands ]

Rules File divaEXT. rul}
Rules Library W |TECH C35B4
Machine & local . remote Machine




Full-Custom Design Netzlistenextraktion

Wihrend der Extraktion erscheinen in dem Hauptfenster die Ausgaben des Programms:

msfh - Log: famsNFS homeftams_1/maeder/CDS.log

File Tools Options HIT-Kit utilities Help | 1

For layer NMOS_device

1 shapes encountered.

1 rmmosd aulvs PRIMLIE dewices well formed.
For layer PMOS_device :

1 shapes encountered.

1 pmosd aulwvs PRIMLIE dewvices well formed.
For layer P_MWD_device :

1 shapes encountered.

1 prwd sulwvs PRIMLIB dewices well formed.
4 poapacitor aulwvs PRIMLIE parasitics created.
Extraction started. ...... Thu Now 15 15:45:31 2007

completed ....Thu Now 15 15:45:31 2007
CPU TIME = 00:00:00 TOTAL TIME = 00:00:00

Frerekers Sunmary of rule wiolations for cell "inwl layout" BB
Tatal errors found: 0O
mouse L: mouseSingleSelectPt M: leHiMousePopUp () E: ivHiExtract()

HIT-Kit: 3.70 Tech: c35bdc3 User: maeder

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

ten mit ihren Parametern:

Library Manager: Directory ..amsNFShometams_1maede
File Edit View Design Manager Help
Show Categories Show Files
Library Cell View
nyLib Hrorl Textracted
TOLIE_ANA 4N invl extracted
LEADFRAMES Laym Open...
FRIMLIE
PRIMLIERF Open (Read-Only)
SFCLIE_C3SB4C3 Copy...
SPIRALS_4M
TECH_C3EB3 Rename...
TECH_C35B4
- Delete...
Us_fths
ahdlLih Properties...
analoglih N
— ok b
cdsDefTechLib Sk Cail.
fu'n?tmnal Capom Chankaulo.
nyLih
Shdate.
Warsion i,
Messares
) o By Tie Bialus.oo
Deleted cellwview 'myLib/inwl/symbol’. ) ;
Deletion of 1 view done. Hrdanil..

10



Full-Custom Design Netzlistenextraktion

\irtuoso® Layout Reading: myLib imv1 extracted
®:-3.45 ¥:-1.30 (F) Select: 0 DRD: OFF ix: dy: Dist: 14

Tools Design Window Create Edit Verfy Connectivity Options Routing Migrate HIT-KIT Utilities Help

mouse L: mouseSingleSelectPt M: leHiMousePopUp() R: hiZoomIn()
HIT-Kit: 3.70 Tech: c35b4c3 User: maeder

11



Full-Custom Design Aufbau einer Testumgebung

Aufbau einer Testumgebung
8. Start des Schematic-Editors um eine Testumgebung aufzubauen. Fiir die spétere Simu-
lation treibt die Testumgebung die Eingdnge der Schaltung mit entsprechenden Quellen
und simuliert externe Lasten an den Ausgéangen.

Schon vorhandene Entwiirfe werden am einfachsten iiber den Library-Manager aus-
gewdhlt und geoffnet, wahrend man neue Entwiirfe folgendermafSen erstellt:

msfh - Log: tamsNFShomeitams_1/maeder/CDS.log

File | Tools Options HIT-Kit utilities Help | 1
New Library ith the Library Manager.
U ™ ltamsNFS home /tans_1/maeder /demo /myLih"
PEM... Cellviews...
Import ary List with the Library Manager.
Ezport ary list with the Library Manager.
Refresh... i o e i
ary list wa g Library Manager.
1 Make Read Only... ip° successfully attached to technology library 'TECH C35E4'.
Close Data...
Defragment Data
1 Exit... LE R:

HIT-Kit: 3.70 Tech: c35b4dc3 User: maeder

Create New File =,

0K Cancel | Defaults Help

Library Hame myLib

Cell Hame | testInvl |

View Name schematic

Tool Composer-Schematic

Library path file
NFS /home /tams_1/maeder /demo fcds. li]:_{_

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

12



Full-Custom Design Aufbau einer Testumgebung

9. Zuerst wird ein Symbol als Schnittstelle zum Schematic-Editor generiert:
Virtuoso® Schematic Editing: myLib testlnv1 schematic
Sel: 0 12

Design | Window Edit Add Check Sheet Options Migrate HIT-KIT Wilities Help
Check and Save X
Save (needed) 3
Save As... 5
Hierarchy

Create Cellview

@ ®f g

From Cellview...
Hew... From Pin List...
Open...

Open Symbol...
Disnard Eifiis..,

Make Read Only
Probe

Flot

Renumber Instances...

P
2

n
‘_I\J

From Instance...

Dabei miissen die Bezeichner der Pins mit denen des Layouts iibereinstimmen. Zusétz-
lich wird in dem Beispiel die Anordnung der Pins tiber die Eingabemaske variiert:

Celiview From Pin List =

0K | Cancel Defaults | Apply Help

Input Pins inwl,

Output Pins inwi

10 Pins wdd gnd

Switch Pins

Library Hame nyLik Browse
Cell Hame inwl

view Name symbol

Tool f Data Type Composer-Symbol

Display Cellview

Edit Options ]
Symbol Generation Options m
QK | Cancel Apply Help
Library Name Cell Hame View Name
nyLik inwd symbol}

Pin Specifications Atiributes
Left Pins | irwl ; List
Right Pins | irwl | List
Top Pins wdd § List
Bottom Pins | ond List

Load!Save Edit. Attributes Edit Labels Edit Properties

13



Full-Custom Design

Aufbau einer Testumgebung

10. Design der Testumgebung — siehe: ,CADENCE Grundlagen”, 4 Der Schematic-Editor.

Hide Cancel | Defaulis Help
Library | myLik Browse
Cell invl
View symbol;

Names |
Array Rows 1< Columns 1<
Rotate Sideways Upside Down

In dem Schematic wird jetzt das Layout iiber das neu erzeugte Symbol referenziert:

Library Browser - Add Instance

Library
InyLib
SFCLIB_C35B4C
SPIRALS 4M
TECH _C3EE3
TECH_C35E4
Us_8ths
ahdlLib
analogLib
hasic
cdsDefTechLib
functional
myLih

Close

~ Show Categories

Cateqgory Cell View
invl isymbol
inwl symbol
testInvl
Filters... Help

1\/’4\@@

E|

Add Instance

Cancel

Library |=@nalogl ik

cell cag

View synhol;

Names

Array Rows
Rotate

Capacitance

Initial condition
Model name
Width

Length

Defaults

L Coumns |1

Sideways Upside Down

100f F

Als Ausgangslasten werden Kapazitdten von 0, 1 pF benutzt:

Library Browser - Add Instance

~ Show Categories
Library
fanaloglib

SFCLIB_C35B4C
SPIRALS_4M
TECH _C3EE3
TECH_C35E4
Us_8ths
ahdlLib
analogLib
hasic
cdsDefTechLib
functional
myLih

Close

Category Cell View
Ewerything Teap Tsymbol
e - MOS_aZd ams
& Everything M0S_d2a aucdl
2| Uncategori || TTL_a2d aulwvs
= . TTL_dZ2a cdsSpice
H actives bes hspiceD
j Analysis bws hspices
_ o cap spectre
| Parasitics||cocs spectres
- . CCvs symbol
J Passives codnprobe
1 Sources core

corefragment

delay

Filters... Help

14



Full-Custom Design

Aufbau einer Testumgebung

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

Add Instance

Cancel | Defaulis

Library | =naloglil
Cell wig,
symbol;

Hames
Array Rows i

Rotate Sideways

AC magnitude

AC phase
DC voltage
Hoise file name

Humber of noiseffreq pairs 1]

Columns | L

Upside Down

Library Browser - Add Instance

Library
fanalogLib

SFCLIB_C35B4C
SPIRALS 4M
TECH_C3EE3
TECH C35E4
Us_8ths
ahdlLib
analogLib
bhasic
cdsDefTechLib
functional
myLib

Close

~ Show Categories

Cateqgory

Cell

Independent || fede

T
Z| Passive

T sources

pdc
pexp
port
ppulse
ppwl
ppwlf
psin
vam
wdc
verp
wvpulse
wpwl
vpwlf

Filters...

View

isymbol

ams
aucdl
aulvs
cdsSpice
hspiceD
hspices
spectre
spectres

symbol

Help

Eingangssignale konnen beispielsweise durch pulserzeugende Spannungsquellen mo-

&

Add Insténcé

Defaults

Cancel

Library | =naloglil
cell wpulse
symbol;

Hames
Array Rows 1<
Rotate Sideways

AC magnitude

AC phase

DC voltage
Voltage 1
Voltage 2
Delay time
Rise time
Fall time
Pulse width
Period

Frequency name for 1/period H

Columns | L

Upside Down

Library Browser - Add Instance

Library
fnaloglib

SFCLIB_C35B4C
SPIRALS 4M
TECH_C3SE3
TECH_C35E4
US_8ths
ahdlLib
analogLih
hasic
cdsDefTechLih
functional
nyLih

Close

+ Show Categories

delliert werden — in dem Beispiel mit 10 ns Periode und 0, 1 ns Flankensteilheit:

Cateqgory Cell
Independent Frulse
el pdc
3| Passive pexp

=
1 Sources E;ilse
% Depe ppwl
_ ppwlf
| 6lan psin
vam
& Inde vl
j Port VErp
vpulse
Bzs vpwl
vpwlf

Filters...

View
ymbol

anms
autdl
aulvs
cdsSpice
hapiced
hspices
spectre
spectres

symbol

Help

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

15



Full-Custom Design Simulation der Schaltung

Simulation der Schaltung

11. Initialisierung der Simulationsumgebung:

Virtuoso® Schematic Editing: myLib testlnv1 schematic

Cmud: Sel: 0 12
Tools | Design Window Edit Add Check Sheet Options Migrate HIT-KIT Uilities Help
AMS Opts.

Analog Environment.
Design Synthesis
Diva

Hierarchy Editor
Mized Signal Opts.
Parasitics
Schematics

. Simulation

VR

o

Om s

mouse L: schSingleSelectPt() M: schHiMousePopUp () R: schHiCheckandSawve ()
HIT-Kit: 3.70 Tech: c35b4c3 User: maeder

AnschliefSend muss die Konfiguration fiir die spdtere Netzlistengenerierung so geandert
werden, dass die aus dem Layout extrahierte Netzliste berticksichtigt wird:

Virtuoso® Analog Design Emvironment (1 =,

Status: Ready T=27 C Simulator: spectre 13
Session Setup  Analyses Varables Outputs Simulation Results Tools Help
Design ...
- . Analyses
Simulatorf/Directory/Host ...
; Model Libraries ... = Arguments. . ... Enable |,
Library » 2
Temperature ... 200
Cell i P
Stimuli ... | | T
View s Simulation Files ... Tad
Environment ... v
DESIHII Wl IdIES 0utputs [E\"
#  Hame Value #  Neme/Signal/Expr Value  Plot Sawve March

Flotting mode: Replace

[ B En K

16



Full-Custom Design

Simulation der Schaltung

Environment Options a

Defaults | Apply

OK Cancel

Switch View List

Stop View List

Parameter Range Checking File
Analysis Order

Print Comments

userCmidLine Option

fAutomatic output log

Use SPICE Metlist Reader({spp):
Create Checkpoint File{cp):

Start from Checkpoint File(rec):

Help

|3pectre cmos_sch extracted schematic

spectre ahdl werilogs

flocal/tamsl. 1/ams /3, T0/spectre/ams_range. lmts

de.

|
Y _IN
Y _IN
Y N

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

Virtuoso® Analog Design Emvironment (1)
Status: Ready

Design
Library myLih #
Cell testInwl
View schematic
Designh Variables
#  Name Value #

Choosing Analyses -- Virtuoso® Analog Design Emaronmeni

0K | Cancel| Defaults| Apply Help
Analysis 4% tran dc ac noise
uf Sens dematch sth
pz sp envlp pss
pac pnoise pxf psp
qpss gpac gpnoise qpxf
qpsp
Transient Analysis
Accuracy Defaults (enpreset)
M conservative | moderate | liberal
Enabled W Options...

T=27 C Simulator: spectre
Session Setup Analyses Varables Outputs Simulation Results Tools

Choose Analyses ...

Analyses

Type Arguments. . ... ... L
Outputs

Name /5ignal Expr Value
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Full-Custom Design Simulation der Schaltung

13. Vor der Simulation miissen noch die Signale ausgewéhlt werden, die geplottet werden
sollen. Dies geschieht am einfachsten durch Auswahl der Netze in in dem Schaltplan:

Virtuoso® Analog Design Environment (1 s
Status: Ready T=27 C Simulator: spectre 13
Session Setup Analyses Vardables Outpuis  Simulation Results Tools Help
Desi Setup ... s
esign sS8s
L Deiets g _E_f
# Typ'ToBe Saved 5 - oo Enabl
Library myL.ib Ty To Be Saved J fiahLe e
1 Yo Be hMarohes a0C
Cell testInvl tra I e, . i
To Be Plotted Select On Schematic ,lr | ]'-
1 T
Views schematic Save all ... Aan Yo T
Design Variables o %élé}:fmvza Fron DE
g Name Value * Name /Signal /Expr Value Plot Sawe March

Plotting mode: Replace

Die dabei selektierten Netze werden im Schematic farbig markiert und ihre Bezeichner
in dem Simulationsfenster eingetragen:

lo® Schematic Editing: myL ib testinv1 schematic -- Virtuoso® Analog Design Environn  Virtuoso® Analog Design Environment (1
Sel: 0 Status: Selecting outputs to be plotted... Status: Selecting outputs to be plotted... T-z7 C Simulator: spectre 13

Design Window Edit Add Check Sheel Options Migrate HIT-KIT Ulilities | Session Setup Analyses Variables Oulpuis Simulation Resulis Tools Help

Design Analyses

LA
838

# A t: Enahls
Library nyLih Type gz nable
Cell testInvl 1 tran 0 20n  cons. . ves
ne A " |

View  schematic - nach "Choose Analyses T l 1
vz
Design Variables Outputs [Ej

& Neme Walue #  Name/Signal/Expr Walue Plot Save March

1  netl yes allv no

2  netl yes allv no

- nach Auswahl der Netze

Plotting mode: Replace [

> Select on Schematic Outputs to Be Plotted

nouse L: schiingleSelectPt() M: schHiMousePopUp () E: hiRedramw()
HIT-Kit: 3.70 Tech: c35h4c3 User: maeder modify_plot

18



Full-Custom Design

Simulation der Schaltung

14. Simulation starten:

Virtuoso® Analog Design Emvironment (1) m,

Status: Selecting outputs to be plotted... T=27 ¢ Simulator: spectre 13
Session Setup Analyses Variablez Outputs Simulation Results Tools Help
Design Analyses _i;
’ ) # Type Broguments. ... ... Enable | ..
Library myLib s
cell testInvl 1 tran 0 205 cons vas :Drl
: Ta]
View  schematic vz
Design Variables Outputs [E:
#  Name Value # Name/Signal/Expr ¥alue Plot Save March )9/
1 netl ves allv no
2 netd ves allv no
MHetlist and Run
=r
Flotting mode: Replace l
> 3elect on Schematic Ouiputs to Be Ploited

tamsNFS/hometams_1/maeder/demo/Simtestinvi/spectre/schematic/psfisp

File Help
tempeffects = all
errpreset = conservative
method = gearZonly
lteratio = 10
relref = alllocal
cnin = 0 F
gnin = 1 p§
mezxrsd = 0 Ohm
mos_method = s
mos_vres = 50 m¥
tran: time = 700 ps (3.5 %, step = 200 ps (1 %)
tran: time = 1.7 ns (8.5 %), step = 200 ps i1 =)
tran: time = Z.513 ns (12.6 %), step = 14.47 ps (72,3 mx)
tran: time = 3.514 ns (17.6 %), step = 200 ps (1 =)
tran: time = 4.514 ns (E2.6 %), step = 200 ps (1 =)
tran: time = 5.514 ns (27.6 %), step = 200 ps (1 %)
tran: time = 6.514 ns {32.6 %), step = 200 ps (1 %)
tran: time = 7.503 ns {37.5 %), step = 8.209 ps (41l m%)
tran: time = 8. 554 n= (42.8 %), step = 53.7 ps (269 mE)
tran: time = 9. 503 n= 4T.5 %), step = 200 ps (1 %)
tran: time = 10.5 n= (52.5 %), step = 200 ps (1 %)
tran: time = 11.5 n= (E7.5E %), step = 200 p= (1 %)
tran: time = 12.5 n= (625 %), step = 19.58 ps (97,9 mE)
tran: time = 13.59 n= (67.9 %), step = 200 ps i1 =)
tran: time = 14 59 ns (T2.0 %), step = 200 ps (1 =)
tran: time = 15.59 ns (T7.9 %), step = 200 ps (1 =)
tran: time = 16.59 ns (B2.0 %), step = 200 ps (1 =)
tran: time = 17.5 ns (87.5 %), step = 8.209 ps (41 m%)
tran: time = 1855 ns {92.8 %), step = 53.72 ps (269 m)
tran: time = 19.5 ns (97.5 %), step = 200 ps (1 %)

Number of accepted tran steps = 577

Initial condition solution time = 0 s.

Intrinsic tran analysis time = 30 ms.

Total time required for tran =nalysis " tran' was 30 ms.

finalTimeOP: writing operating point information to rawfile

desigrParam¥als: writing netlist parameters to rawfile

primitives: writing primitives to rawfile

subckts: writing subcircuits to rawfile

Aggregate sudit (5:56:49 PM, Thur Now 15, 2007):

Time used: CPU = 168 ms, elapsed = 2 5, util. = 8. 4%

Virtwal memory used = 5. 69 Mbytes

spectre completes with 0 errors, 0 warnings, and 20 notices

14
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Die Ausgaben des Simulators erscheinen in einem extra Textfenster:



Full-Custom Design Simulation der Schaltung

15.

Nach dem Abschluss des Simulationslaufs zeigt ein Fenster die zuvor selektierten Si-
gnale an. Zur Interpretation der Ergebnisse stehen hier Marken, Zoomfunktion und
Analysewerkzeuge zur Verfiigung:

myLib testinv1 schematic : Nov 15 17:56:44 2007 [15]
File Edit Graph Axis Trace Marker Zoom Tools Help

SREHESENFHE S =R NE [+/]Label

Transient Response m

H/netl E/netd
3.5

3.0

2.5

2.0

1.0

o] 5.0 10.0 15.0 20.0
time (ns)

= [

Zeigt die Simulation ein ,falsches” Verhalten, dann miissen folgende Schritte wieder-
holt werden:

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

14. danach kann die Simulation erneut gestartet werden

20
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16. Beenden der Simulationsumgebung nach der Analyse:
Virtuoso® Analog Design Emviro o

Status: Ready T=27 ¢ Simulator: spectre 13
Session | Setup Analyses Variablez Outputs Simulation Results Tools Help
Schematic Window ...

Analyses
Save State ...
Load State .. # Type Broguments. ... ... Enable | ..
Save Script P
PL ... 1 tran 0 205 cons. . yes _—

Options ... 1 T
Welcome To Spectre ... ; T2
What's New ... v
Reset Outputs [E«
Quit #  Name/Signal/Expr Value Plot Save March

1 netl ves allv no

2 netd ves allv no

Flotting mode: Replace
> Results in ...F3Mhomeftams_1/maederfdemo/Simftestinv1/spectrefschematic

[ 2% e

Save State Query

Do wyou want to save the current state?

Yes Ho Help

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

msfb - Log: tamsNFShomeftams_1/maeder/CDS.log

File Tools Options HIT-Kit utilities Help | 1
t Hew wput file. ..
; Open... needed. . .
Import
; Export 1 successfully.
1 Refresh... data. ..
Make Read Only...
Close Data...

Defragment Data

1 Exit... =lectPt() M: schHiMousePopUp () R: zsevOuit('sevSessionl)
HIT-Kit: 3.70 Tech: c35b4dc3 User: maeder

OF to exit msfh?

Yes Mo Help
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