Full-Custom Design

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

designSetup : ic ams A. Mdder
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 on tams85: fhome/tams_l/maeder/demo - Befehlsfenster - Konsole Qe
Sitzung Bearbeiten Ansicht Lesezeichen Einstellungen Hilfe
[maeder@tams85]~/demo=source ~maeder/design.Setup =
design.Setup Andreas Maeder 2005.01
SYNOPSYS [syc | syn] Synthesis, Verification v2003.06 / v2004.06
[vss | vcs] Simulation tools v2001.09 / v7.2
[Imc] [hsp] Smartmodel / HSpice v2004.12 / v2004.09
[lay] Layout-S5imulation v2004.12
CADENCE [ic | ic2] IC-Design Framework ic5.0.33 / ic4.4.2
[ldv] Simulation, Synth., Verif. ldv5.1
[soc] SoC Encounter: Synthese+P&R so0c3.3
[prl Placement & Routing se5.4
[pcb] PCB-Design psdl5.1
Design-Kits SYNOPSYS / CADENCE
[ams] +AMS HitKit v3.60
[es2] +ES2 CDK v5.2.0
FPGAs [alt] QuartusII, NIOS v4. 0, v3.2
[x1il] Alliance ve.3.011
[info] -information about the tools
[none] -reset all paths to original values
input: ams ic
--tools... -----emeiemeeiei e online-doc. --version -----------------
AMS Hit-Kit -=amshithelp v3.60
Cadence IC-stream -=ichelp v5.0.33USR2
Assura: drc, lvs, extract ->asshelp v3.1l.2
IC-Craftsman vll.1
Neockt: circuit sizing/opt. -=neohelp v3.1
SubstrateStorm ->snahelp v3.2
UltraSim vd.1l
Aptivia v3.3
[maeder@tams85]~/demo=ams cds -mode msfb -tech c35b4 -
~= | A Befehlsfenster l -

Beim ersten Aufruf wird auflerdem nach der Prozessoption gefragt:

& Select Process Option
oK ‘ Cancel‘ Apply | Help

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

Exact Process Option 4 C35B4C3
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Layouteingabe

Das Hauptfenster der Entwurfsumgebung und der lerary—Manager erscheinen:

& Library Manager: Directory ...

File Edit View Design Manager Help

Show Categories Show Fles

Library Cell View

CORELIE

GATES

IOLIEWE 4M
IOLIE_4M
IOLIE_&NA 4M
LEATFRAME 5
ERIMLIE
PRIMLIERF
SFCLIE_C3SE4C3
SPIRALS 4M
TECH C35B3
TECH_C35E4
US_8ths
analogLib
hasic

Messages
vLog file is " /tamsNFS /home/tams_l/maeder fdemoslibManager. log".

File Tools Options HIT-Kit utiliies

t
Process Option set to: G3SB4C3

& msfb - Log: /tamsNFS/home/tams_l/maeder/CDS.log [ COK )

Help 1

mouse L: I: E:
HIT-Kit: 3.60B Tech: c35b4c3 User: maeder

(beim ersten Start) Erzeugen einer Bibliothek fiir eigene Entwiirfe:
1l/maeder/CDS.log

File | Tools Options HIT-Kit utilities

1 Hew Library...
Open... Cellview...
Import

Exzport

Refresh...

Make Read Only...

Close Data...

Defragment Data
1 Exit... M: R:
HIT-Kit: 3.60B Tech: c35h4c3 User: maeder




Full-Custom Design Layouteingabe

& MNew Library o=

oK Cancel | Defaults| Apply Help
Library Technology File
Hame |m5:Lib | If you will be creating mask layout or

other physical data in this library, you
will need a technology file. If you plan
to use only schematic or HDL data, a

Directory (non-library directories)

technology file is not required.

Compile a new techfile
4 Attach to an existing techfile
tamsNE S /home ftams_1/maede r,-"demc}f_ Don't need a techfile

Design Manager No 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 [ XK ]

0K Cancel | Defaults | Apply Help
Nowr Desks Library nyLib
Technology Library TECH_C35B4

3. Start des Layout-Editors — bei neuen Entwiirfen:

File | Tools Options HIT-Kit utilities Help 1
Hew ibrary
0 Lib " fith the Library Manager.
pen... Cellview...
Import ary List with the Library Manager.
1 Export ated library "myLib": doing techrnology file query.

* Refresh... eme: Was passed an Inwalid Id (0x9e58230).
IMaKE Read Only... Lh' successfully attached to technology library 'TECH _C35E4'.
Close Data...
Defragment Data
1 Exit... M: R:
HIT-Kit: 3.60B Tech: c3sh4c3 User: maeder

& Create New File VX OX<

oK Cancel | Defaults Help

Library Hame myLib

cell Hame [inv1 |

View Mame Layout;

Tool Virtuoso

Library path file
NFS /home tams_1/maeder /demo/cds. li]:_E_
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Layouteingabe

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

gewdhlt und geoffnet:

& Library Ma ler,d ok
File Edit View Design Manager Help
Show Categories Show Files

Library Cell View
TnyLib Tinwvl Hayout
IOLIE_4M inwl Layout
I0LIE ANA 4M Open...
(TR Open {Read-Only)
PRIMLIE
PRIMLIEFF copy...
SFCLIB_G35B403 oo
SPIRALS 4M
TECH_G35E3 Delete...
TECH G35E4 -
US_Gths Properties...
analogLib heck b
hasic .
cdsDefTechLib ok b
functional Cant Chankoulo

Lib
- Lhadnde.

Wargion B,
Messages Shosw Pl Sk,

Hadmnil

E

X 5.2 ¥:-5.1 {F) Select: 0 DRD: OFF

Edit Help

TECH_C35B4
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M cELEOX mouse L: mouseSingleSelectPt

HIT-Kit: 3.60B Tech: c3ob4c3 User: maeder

Anschliefiend erscheinen die Fenster des Layout-Editors:

& Virtuoso® Layout Editing: myLib invl layout XX

dX: dy:

Tools Design Window Create Edit Verify Conneclivity Options Routing HIT-Kit utilities

M¥: leHiMousePopUp ()

Dist: Cmd: 3

Help

R: leCloseWindow()

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 invl layout
Ki-1.2 Y. 8.7 (F) Select: 0 DRD: OFF dx: -4.4 dy: 7.9 Dist: 9.04 comd: 5

Tools Design Window Create Edit Verify Connectivity Options Routing HIT-Kit utilities Help
MSP3 Check Fins...
DRC...
Extract...
Substrate Coupling Analysis...
ConclCe...
ERC...
L¥3...

nouse L: mouseSingleSelectPt M: leHiMousePoplUp () R: geHiDeletedllMarker ()
HIT-Kit: 3.60B Tech: c35b4c3 User: maeder

Die Auswahl von no_coverage unterdriickt Fehlermeldungen zur ,Dichte” des Lay-

outs:
& DRC oew
0K Cancel | Defaults | Apply Help

Checking Method % fat hierarchical hier w/fo optimization

Checking Limit & full incremental by area

Canviinals Sel by Cursor

Switch Hames y_EEEEEeE Set Switches

Run-3pecific Command File

Inclusion Limit 100%
Join Nets With Same Name

Echo Commands

Rules File divaDRC. rul}
Rules Library M |TECH C35B4
Machine # local . remote Machine |




Full-Custom Design Design Rule Check

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

€ msfb - Log: /tamsNFS/home/tams_l/maeder/CDS.log (PR OX ]

File Tools Options HIT-Kit utilities Help | 1

tdikidbidd Qupmary of rule wiolations for cell "inwl lagoub" *ededadss
# errors Violated Rules
2 C051 Minimom CONMT spacing = 0.4
MIE1l Minimum MET1 enclosure of GONT = 0.15
POWla Minimum GATE length of PMOS = 0,35
POW2a Minimum GATE length of WMOS = 0.35
BOW3 Minimum POLY1 width for intercornect = 0.35
Total errors found

o

I |
mouse L: mouseSingleSelectPt M: leHiMousePoplp () R: amsDrcIltemCallback()
HIT-Kit: 3.60B Tech: c35b4c3 User: maeder

Traten DRC-Fehler auf, so werden sie mit einem speziellen Layer (blinkend) markiert.
Die Grof3e dieser Polygone beschreibt oft schon die Regelverletzung, zum Beispiel bei
Mindestabstdnden. Die Regelverletzungen lassen sich einzeln auswihlen und anzelgen

& Virtuoso® Layout Editing: myLib invl layout
X -5.7 Y. 6.9 (F) Select: 0 DRD: OFF dx: -2.9 dy: 6.1 Dist: G.60 Cmd: 5

Tools Design Window Create Edit Verify Connectivity Options Routing HIT-Kit utilities Help
relativ Copy/fMoversStretch
Find DRC Markers
Create Contact Paths

mouse L: mouseSingleSelectPt M: leHiMousePoplUp () R: callDrcErcForm()
HIT-Kit: 3.60B Tech: c35b4c3 User: maeder




Full-Custom Design Design Rule Check

& Virtuoso® Layout Editing: myLib invl layout

X -7.8 ¥:-4.3 (F) Select: 1 DRD: OFF dx: -5.0 dy: -5.1 Dist: 7.14 cmd: 5
Tools Design Window Create Edit Verify Connectivity Options Routing HIT-Kit utilities Help
e 00 - T =
&

G;J
=

N

& DRC Error Search
OK | Cancel | Previous | Hext| Delete all Marker

Error:

POWla Mininum GATE length of BMOS
i Minimun GATE length of NMOS 5
POW3 Minimum POLY1 width for interconnect = 0,35
G051 Minimum CONT spacing = 0.4

MIEl Minimum MET] enclosure of CONT = 0.15

0. 35
=

Error Humber

Zoom Factor

nouse L: mouseSingleSelectPt

Total Errors found: 9

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

€ Delete All Markers oO@®¢

0K Cancel | Defaults | Apply Help

Seventy # all . eror . warning

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 geldscht.
Das Layout muss so lange nachgearbeitet werden, bis keine Fehler mehr vorhanden
sind.



Full-Custom Design Netzlistenextraktion

Netzlistenextraktion

6. Als Voraussetzung fiir die Extraktion der elektrischen Netzliste miissen alle Schaltungs-
anschliisse als Pins markiert sein — dieser Schritt ist in der Beschreibung des Layout-
Editors dokumentiert (3.8 Hierarchie). Fiir die Spannungsversorgung sollten die reser-
vierten Bezeichner vdd und gnd benutzt werden:

& Virtuoso® Layout Editing: myLib invl layout wr O
X -11.6 Y. 6.8 (F) Select: 0 DRD: OFF dx: -6.4 dY: 6.0 Dist: 6.77 Cmd: 5
Tools Design Window Create Edit Verify Connectivity Options Routing HIT-Kit utilities Help

M3P3 Check Fins...

DRC...

Extract...

Substrate Coupling Analysis...
Concice...

ERC...

LVS...

Probe...
Markers

mouse L: mouseSingleSelectPt M: leHiMousePoplUp () R:hiZoomdbsoluteScale (hiGetturrentWin
HIT-Kit: 3.60B Tech: c35b4c3 User: maeder

Fiir eine moglichst genaue Simulation wird eine vollstandige Netzlistenextraktion, in-
klusive aller parasitidren Kapazitdten, durchgefiihrt:

€& Extractor oo

0K Cancel | Defaults | Apply Help
Extract Method # flat macro cell full hier incremental hier
Join Hets With Same Hame Echo Commands
Switch Names | capall Set Switches

Run-Specific Command File

Inclusion Limit 100

View Hames Extracted | sxtracted Excell |s%cell
Rules File divaEXT. rul}

Rules Library W |TECH C35BE

Machine # local . remote Machine
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Netzlistenextraktion

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

€ msfb - Log: /tamsNFS/home/tams_l/maeder/CDS.log (PR OX

File Tools Options HIT-Kit utilities

flat mode
Full checking.
For layer NMOS_dewice

1 shapes encountered.

1 rmmosd aulws PRIMLIE dewices well formed.
For layer PMOS_dewice :

1 shapes encountered.

1 pmosd aulws PRIMLIE devices well formed.
For layer P_NWD_device :

1 shapes encountered.

1 prwd aulws PRIMLIE devices well formed.
4 pcapacitor sulws PRIMLIE parasitics created.
Extraction started....... Thu Jan 13 16:55:48 2005

completed ... Thu Jan 13 16:55:48 2005

GPU TIME = 00:00:00 TOTAL TIME = 00:00:00
tEEE it

Total errors found: 0
saving rep myLib/inwl/extracted

Summary of rule wiolations for cell "inwl layout”

EE XTI

Help | 1

mouse L: mouseSingleSelectPt M: leHiMousePopUp ()

HIT-Kit: 3.60B Tech: c35bdc3 User: maeder

R: amsExtractItemCallhack()

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: Director

File Edit View Design Manager Help
Show Categories Show Fles
Library Cell View
myLib Hrwl Jextracted
IOLIE_4M inwl extracted
IOLIB_ANA 4M layout Open...
LEADFRAMES
PRIMLIB Open (Read-Only)
PRIMLIERF Copy...
SFCLIE_C35B4C3
SPIRALS 4M Rename...
TECH_C3EE2 Delete...
TECH C35B4
US_Bths Properties...
pnatoghib ChBOK B1..,
aslc
cdsDefTechLib Chpolk el
functional Canoel CRAEKSUL..
nyLib
Soddate.
wershan e,
Messages
g Shew o Biabas.
i

10



Full-Custom Design Netzlistenextraktion

& Virtuoso® Layout Reading: myLib invl extracted
A -1.T7 Y. 0.9 (F) Select: 0 DRD: OFF X dy: Dist: Cg

Tools Design Window Create Edit Venfy Connectivity Options Routing HIT-Kit utilities Help

@

o

mouse L: mouseSingleSelectPt M: leHiMousePopUp () R: hiZoomIn()
HIT-Kit: 3.60B Tech: c35bdc3 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 folgendermafien erstellt:
& msfb - Log: /ftamsNFS/home/tams_l/maeder/CDS.log

File | Tools Options HIT-Kit utilities Help 1
Hew ibrary
o Lib " Adth the Likrary Manager.
pen... Cellview...
Import ary L[1st with the Library Manager.
1 Export ated library "myLib"; doing technology file query.

* Refresh... ame: Was passed an Invalid Id (0x89s53530).
IMak.e Read Only... ih' successfully attached to technology library 'TECH _C35B4°.
Close Data...
Defragment Data
1 Exit... I: E:
HIT-Kit: 3.60B Tech: c3shdc3 User: maeder

€ Create New File Qe

OK Cancel | Defaults Help

Library Hame myLib

Cell Name | testInvl |

schematic

View Mame

Tool Composer-Schematic

Library path file
NFS /home /tans 1/masder /demo/eds. Lik

Achtung: die Testumgebung muss anders heifien als das zu simulierende Layout, schliefs-
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 testlnvl schemati

Save As...
Hierarchy

<%

P
"

Hewr...

/

Open...

0]
‘-N

Probe
Plot

=y
7
O

Tools Design |Window Edit Add Check Sheet Options HIT-KIT Wilities Help
Check and Save X
Save (needed) 3

Create Cellview

Disvard Eifits...
Make Read Only

Renumber Instances...

Sel: 0 10

From Cellview... §
From Fin List... §
From Instance... §

Dabei miissen die Bezeichner der Pins mit denen des Layouts iibereinstimmen. Zusétz-

0K Cancel | Defaults | Apply Help
Input Pins invE
Output Pins inviE
10 Pins vdd gnd
Switch Pins
Library Hame nyLik Browse
Cell Hame inwl
View Name symbol}
Tool f Data Type Composer-Symbol
Display Cellview
Edit Options |

lich wird in dem Beispiel die Anordnung der Pins tiber die Eingabemaske variiert:

€ Cellview From Pin List (X OK]

€ Symbol Generation Options X O]

OK | Cancel | Apply Help

Library Mame Cell Hame View Hame

myLib invl syuhol;

Fin Specifications Attributes
Left Fins | invI} List
Right Pins | inw0 | List
Top Pins wdd List
Bottom Pins | ond List

Load/Save Edit Attributes Edit Labels Edit Properties

13
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Aufbau einer Testumgebung

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

Hide Cancel
Library | myLil
Cell invl
View symbol;
Hames
Array

Rotate

€& Library Browser -

~ Show Categories
Library

TyLib

SPIRALS_4M

TECH_C35B3

Defaults Help
Browse

Rows L Columns | L
Sideways Upside Down

TECH_(35E4
Us_8ths
analoglib
hasic
cdsDefTechLib
functional
nyLihb

shaLib

Close

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

Category

Cell
finvl

invl
testInvl

Filters...

Help

Als Ausgangslasten werden Kapazitdten von 0, 1 pF benutzt:

Cancel

Initial condition
Model name
Width

Length

€& Add Instance

Defaults

Library |analogLili
Cell capg
View synbol
Hames
Array Rows 1< Columns 1<
Rotate Sideways Upside Down
Capacitance 100f E,

Library
fanalogLib

SFCLIE_C3SB4C
SPIRALS 4M
TECH_C35E3
TECH_(35B4
US_Bths
analogLih
hasic
cdsDefTechLih
functional
myLih

shaLib

Close

« Show Categories

:& .Lil:.bra.ry.Br.oﬁse.r .

Category Cell
Passives Teap
E i Eopl
| Everything core
| uncategori ||corefragment
= . delay
Hl motives | jgeal halun
3 analysis ||ind
_ mind
3| Parasitics||nzsline
phyres
| Passives
phyres
1 Sources res
spltswitch
sp2tswitch
Filters...

symbol
s
aucdl
aulvs
cdsSpice
hspiceD
hspices
spectre
spectres

symbol

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 der Bibliothek analogLib be-
nutzt:

€& Add Instance
Hide Cancel | Defaults Help
Lib analogLil B € Library Browser -
cell wdd ¥ Show Categories
View symbol Library Category Cell Views
fnaloglib Independent Frde Isymbal
Names e
SFCLIE_C3GE4C = port ams
9 9 SPIRALS 4M j Passive powerSupply aucdl
furay Rows £ Columns |1 TECH GC35E3 = ppulse aulys
= = TECH C35E4 B ppwl cdsSpice
Rotate Sideways Upside Down US_8ths 3| Depe ppwlf hspiceD
analogLib psin hspices
hasic | cleh wal spectre
cdsDefTechLih wdc spectres
AC magnitude functional vexp symbol
myLih ik vpulse
AC phase shalib s vpwl
3 =l 2o 1f
DC voltage R :?fffm
Hoise file name
Humber of noiseffreq pairs g Close Filters... Help

Als Eingangstreiber eignen sich beispielsweise pulserzeugende Spannungsquellen — in

dem Beispiel mit 10 ns Periode und 0, 1 ns Flankensteilheit:

€& Add Instance
Cancel | Defaults
Library analogLiki Browse
Cell vpulse
View symbol,
Hames
Array Rows L Columns | L
Rotate Sideways Upside Down & L.ibr.ar.y ﬁr{ﬁWQef -
« Show Categories
AC magnitude Library Cateqgory Cell View
fnaloglib Independent Frpulse Tsymbol
AC phase e
SFCLIE_C3GE4C = ppulse ams
DC voltage SPIRALS 4M | Passive ppwl auCdl
= TECH GC35E3 ppwlf aulws
Voltage 1 0.0%F TECH G35B4 0 sources psin cdsSpice
Voltage 2 3.3 ¢ US_Sths. | Depe walL hsp:!.ceD
analogLih wdc hspices
Delay time 1.9 = hasic ; j Glob wexp spectre
. cdsDefTechLih & Inde wpulse spectres
Rise time 100.0p = functional wpwl symbol
= myLih Z| Port wpwlf
Fall time 100.0p 5 shaLib vsffn
) - J 285 vsin
Fulse width 4.9n g e
Period 10g =
Frequency name for 1/period Close Filters... 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 S1mu1at10nsumgebung

€& Virtuoso® Schematic Editing: m
Cmd: Sel: 0 1

Tools | Desigh Window Edit Add Check Sheet Optll:lns HIT-KIT Utilities Help
Analog Environment (8 ’ j : S I e
Design Synthesis

Diva

Hierarchy Editor

Mized Signal Opts.

Schematics

Simulation

mouse L: schSingleSelectPt() M: schHiMousePopUp () R: schHiCheckandSawve ()
HIT-Kit: 3.60B Tech: c35b4c3 User: maeder

Anschlieffend muss die Konfiguration fiir die spdtere Netzlistengenerierung so gedndert
werden, dass die aus dem Layout extrahierte Netzliste beruck51cht1gt wird:

& Cadence® Analog Desig

Status: Ready T=27 C Simulator: spectre 3
Session Setup | Analyses Vadables Outputs Simulation Results Tools Help
Design ...
. . fAnalyses
SimulatorfDirectory/Host ...
Libs N Model Libraries ... E Brguments. ... Enzhle :?r?nu
Temperature ... Joe
el Stimuli ...

e
e
[V

View s Simulation Files ...

Environment ...
Desigin varianes Outputs

g

#* Name Value # Mame /Signal /Expr Value Plot Sawve March

[0 B9 &Y %

16
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Simulation der Schaltung

€& Environment Options [XCOR <)

OK Cancel

Defaults | Apply

Help

Switch View List |

spectre cmos_sch extracted schematic

Stop View List

Parameter Range Checking File
Analysis Order

Print Comments

userCmdLine Option

Automatic output log

Use SPICE Metlist Reader(spp):
Create Checkpoint Fle(cp):

Start from Checkpoint File(rec):

spectre zhdl

Flocalstamsl. 1/ams 3. 60 spectre/ams_range. ]_mts;

d

12. Art der Simulation und simulierten Zeitraum (in dem Beispiel: 20 ns = 2 Perioden) fest-

legen:

€ Cadence® Analog Design Environment (1) (X OK7)

Status: Ready

T=27 C Simulator: spectre

Session Setup Analyses Varables Outputs Simulation Results Tools

3
Help

Design Analyses _%
# S o Enabl
Lib il Type rguments iyt E :?ERN
oo
Cell testInvl =
Choose Analyses ...
Views  schematic TR
Design Variables Outputs [Ej
#  MName Value #  Mame/Signal/Expr Value  Plot Sawe March

JAE
& Chl:ll:lsnlg Analyses -- Cadence® Analug Desi @ (= &1

OK | Cancel | Defaults| Apply Help
Analysis & tran dc ac hoise
®f SBhS dcimatch sth
pz sp envip pss
pac phoise pxr psp
qpss gpac fpnoise qpxf
qpsp
Transient Analysis
stop Tme
Accuracy Defaults (errpreset)
M conservative moderate liberal
Enabled Options...

17



Full-Custom Design Simulation der Schaltung

13. Vor der Simulation miissen noch die zu plottenden Signale ausgewé&hlt werden. Dies

geschieht am einfachsten durch Auswahl der Netze in in dem Schaltplan:
& Cadence® Ana

Status: Ready T=27 C Simulator: spectre 3
Session Setup Analyses Varables Oufpuis  Simulation Results Tools Help
Design Setup ... alyses
g Beipin ¥ v_%
# '"To Be Saved 5 - Enzabl
Library wyLib Typ: To Be Saved B nabie BEE
1 Tor B barchei aoc
cell testInvl tra iy cons. . ves
To Be Plotted Select On Schematic _i_ | -'r
1 T
View schematic Save all ... Py Kz
Design Variables o %«if}mssve Fraun DEE:
# Name Value # Name /Signal /Expr Value Plot Sawve March

[Q B9 &Y %

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

atic Editing: myLib testinvl schematic -- Cadence® Analog Desic¢ € Cadence® Analog Design Environme
€0 Status: Selecting outputs to be plotted... Status: Selecting outputs to be plotted... T=27 C Simulator: spectre 3

Session Setup Analyses Variables Outputs Simulation Results Tools Help

Edit Add Check Sheet Options HIT-KIT Utilities

Design Analyses -—%
* A t Enabl;
Library myLib Type raunents HEBILS an
cell  testInwl 1 tran i 20n  cons yes 4nc

- nach "Choose Analyses" 1 ‘T
View  schematic ; )
Design Variables Outputs [E:
#  Name Value #  Name/Signal/Expr ¥alue Plot Sawve March
1  netl yes  allvy no
2  netd yes  allvy no

- nach Auswahl der Netze

[0 g e %

> Select on Schematic Outputs to Be Plotted

agleSelectPt() M: schHiMousePopUp () R:sevChangeDutsOnSchenatic (' sevSessio

ech: c3db4c3 User: maeder modify_plot
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Full-Custom Design

Simulation der Schaltung

14. Simulation starten:

€ Cadence® Analog Design Environment (1) @&

Status: Ready

T=27 C Simulator: spectre 3
Session Setup Analyses Variables Outputs Simulation Results Tools

Design Analyses
# B ts..o L Enabl
Lib e Type rguments bt E :?ERN
cell testInvl 1  tran 0 200 cons ves 2l
19 5
; T=1
View  schematic Ny
Design Variables Outputs [E:
#  Name Value #  Name/Signal/Expr Value Plot Save March }/
1 netl yes allv no
2  netd yes allv no

Hetlist and Run

Y

Die Ausgaben des Simulators erscheinen in einem extra Textfenster:

& /tamsNFS/home/tams_l/maeder/demo/Sim/testinvl/spectr @ = &

File Help
stop = 20 ns
step = 20 ps
maxstep = 200 ps
ic = all
skipde = no
reltol = 10e-06
abstol(¥) = 1 u¥
abstol (I} = 1 pa
temp = 27 C
tnom = 27 C
tempeffects = all
errpreset = conservative
nethod = gearZonly
lteratio = 10
relref = alllocal
cmin = 0 F
gmin = 1 ps
tran: time = 700 ps (3.5 %), step = 200 ps (1 %)
tran: time = 1.7 ns (8.5 %), step = 200 ps (1 %)
tran: time = 2.517 ns (12,6 %), step = 19.78 ps (980 mE)
tran: time = 3.56 ns (17.8 =), step = 200 ps (1 %)
tran: time = 4.56 ns (22.8 %), step = 200 ps {1 %)
tran: time = 5. 56 ns (27.8 %), step = 200 ps i1 %)
tran: time = A.56 ns (32.8 %), step = 200 ps (1 %)
tran: time = 7.502 ns (37.5 %), step = 10.14 ps (50,7 m%)
tran: time = 8 526 ns (42.6 %), step = 43.04 ps (215 m=)
tran: time = 9. 681 ns (48.4 %), step = 200 ps (1 %)
tran: time = 10.68 ns (53.4 %), step = 200 ps (1 %)
tran: time = 11.68 ns (58.4 %), step = 200 ps (1 %)
tran: time = 12.52 ns (62.6 %), step = 19.73 ps {98, 6 m%)
tran: time = 13.62 ns (68.1 %), step = 200 ps i1 %)
tran: time = 14 .62 ns (73.1 %), step = 200 ps (1 %)
tran: time = 15.62 ns (78.1 %), step = 200 ps i1 %)
tran: time = 16 62 ns (83.1 =), step = 200 ps (1 %)
tran: time = 17.5 ns (87.5 %), step = 10.14 ps (50. 7 m%)
tran: time = 18.53 ns (92. 6 %), step = 43.04 ps (215 m)
tran: time = 19 .68 ns (98.4 =), step = 200 ps (1 %)
Humber of accepted tran steps = 586,
Initial condition solution time = 0 s.
Intrinsic tran analysis time = 30 ms.
Total time required for tran analysis " tran' was 30 ns.
finalTimeOP: writing eoperating point information to rawfile.
designParamWals: writing netlist parameters to rawfile.

4
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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 Verfligung:

& Waveform Window -- Cadence® Analog Design Environment (1) [ R COR <]
®:112.14n y:1.654 netd Active 5
Window Zoom Axes Curves Markers Annotation Edit Tools Help

mouse L: awvMouseSingleSelectPtCE () 2 E: sewNetlistandRun('sevSessionl)
HIT-Kit: 3.60B Tech: c35b4c3 User: maeder

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
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Full-Custom Design Simulation der Schaltung

16. Beenden der Simulationsumgebung nach der Analyse:

& Cadence® Analog Design Environment (1 T O
Status: Ready T=27 C Simulator: spectre 3
Session | Setup Analyses Variables Outputs Simulation Results Tools Help
Schematic Window ...
Analyses
Save State ...
Load State ... #  Type Brogmments. .. ... Enable | ..
Save Schpt i
PL ... 1 tran 0 20n cons. . ves s
Options ... 1 _.[
Welcome To Spectre ... l 34
What's Hew ... v
Reset Outputs DEEJ
Quit #  Name/Signal/Expr Value Plot Save March y/
1 rnetl ves allv no
2  netd yes allv no
> Results in ...FSMhomeftams_1/maederfdemosSimftestinv1/spectre/schematic l( iy

€ Save State Query [~ RN

Do you want to sawe the current state?

Yes Ho Help

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

& msfb - Log: /ftamsNFS/home/tams_l/maeder/CDS.log

File | Tools Options HIT-Kit utilities Help | 1
i Hew nput file. ..
:OPBH'" needed. . .

Import
;Expu”' 1 successfully.
' Refresh... data. . .

Kake Read Only...

Close Data...

Defragment Data

1|Exit... electPt () M: schHiMousePopUp () R: seviuit('sevSessionl)

HIT-Kit: 3.60B Tech: c35b4c3 User: maeder

& Exit msfb? @&

0K to exit msfh?

Yes Ho Help
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