Cetting Started with WnLASI:

Whi |l st this docunment is not intended to teach you how to do I C design,
nor is it intended to replace the LASI Help files available in each
tool nenu, it should however, allow you "to get up and running"” wth
relative ease. Working through this docunent will take about 2 days.

When you are finished you should be quite confortable with using
WnLasi and be able to carry through a basic Anal ogue Full-custom
Desi gn Fl ow.

Cont ent s:

Setting up WnLASI (and W nSPI CE3)

Setting up a new design

Setting up netlist extraction fromschematics using Lasi CKT
Setting up netlist extraction fromlayouts using Lasi CKT
Setting up Layout Versus Schematic checki ng using Lasi CKT
Setting up Capacitance extraction using Lasi CKT

Setting up Design Rule Checks using Lasi DRC

Setting up a "TapeQut" from WnLASI using TLC2GDS

Reading a GDSII file into WnLASI using GDS2TLC
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1. Setting up WnLASI (and W nSPI CE3)

Downl oad W nLASI and W nSPI CE3 from

http://cnosedu. com cnosl/ wi nl asi/wi nl asi. htm
http://ww. wi | linghan®. freeserve. co. uk/ wi nspi ce. ht i

and follow the setup instructions given on those sites. Al so read
W nLASI update info at:

http:// menbers. aol . coni | asi cad/

These prograns are provided free of charge to private individuals. |If
you intend to use these prograns for conmercial purposes please pay
the licensing fees. They are extrenely good val ue for noney, but will
only remain so if we all support the people who have given so nuch of
their tinme to devel opi ng these prograns for us to use.

[My Docunents] [Tools] [Folder Options] [File Types] [New
enter .cir [OK] [Change] [OQ her] search for w nspice3. exe

(To be found in C\Program Fil es\WnSpice\ in ny setup) accept and
cl ose.

Repeat setup for WnSPICE to read .tlc .bp6 and .cl6 files.

Setup WrdPAD (in C\Program Fil es\Wndows NT\ Accessories) to read .rpt
hdr . ftr .Idm.nod and .usf files.

If you decide to run nore than one version of WnLASI (eg Version 6.2,
version 6.3.2.2 and version 7.0.0.0 Beta) you rmay choose to set up V7
to open .tlc and V6.3 to read .bp6 and version 6.2 to read .cl6 files.



How to start a new design is not inmmediately obvious in WnLASI: if a
new directory is created, then a .tlc file copied into it using
Explorer it will be found that the layouts will come up with Iines
only. Sonetinmes when downl oadi ng new exanples you will find that the
| ayers do not appear.

To correctly copy the setup files, or to "install" the layer file
correctly, wuse explorer, then go to a library which contains the
correct technology for your design [eg the WJib library) pick the
hi ghest | evel cell to be copied [eg Top. bp6] open with Wasi.

Then use:

[Sys] [done]

enter the path to the new directory to be created, eg:
E:\ Docurments and Settings\Al | Users\Docunent s\ W nLASI\ SCRATCH\ | nvert or

TIP: dick in the "Address" box in Explorer to select the path the
select [Edit] [Copy,] the click in the "path" box in the O one w ndow
and press cntrl+c. This will save re-typing the whol e path.

Add any new directory branch to the path.

-if the directory already exists you will get the nmessage "directory
exi sts", when you pick [OK], ignore this, you will see that a new
Lasi 6. usf file has appeared in the target directory.

Leave the Lasi wi ndow on the source directory open, go to the target
directory and select the .usf file, open a new lasi window This wll
be enpty and you should see a Cells6.dbd file appear in the target
directory.

In the source (Lasi) wi ndow, pick [List] then choose an exanpl e cel
to be copied over (eg Invfl01l. bp6). Choose [TLCout] [Browse] then

| ocate the target library. Type in the cell name (INVF101l) into the
filename box pick [Open]. You should now see the TLCout Setup w ndow
with the correct destination path and cellnane in it. Pick [OK]

[Yes] [OK] in response to the wi ndows which pop up

You shoul d now see four files in the target directory; a {layers}.tlc
and a Invf10l1l.tlc file should have appreared.

In the target Lasi wi ndow, choose [TLCin] [Browse] |ocate the
destination directory (ie the target directory above) when found, you
shoul d see just the two .tlc files above. Pick Invfl0l.tlc [Open] [ K]
the invertor cell should now appear correctly (ie the polygons are
"filled" rather than "outlines") in the target Lasi w ndow.

You should now see nine files in hte destination directory; the five
new files are: Invf101l. bp6 Cell bkup. bp6 Cellbkup.cl6 Mi nbkup. bp6
Mai nbkup. cl 6



Repeat the process to copy over the schematic .tlc file,
I nvf101_sch. tlc.

There should now be eighteen files in the target directory.

I nvf101_sch. bp6 1Invf101_sch.cl6 Nros_sch.tlc Pnos_sch.tlc

Nnmos_sch. bp6 Pros_sch. bp6 Gnid_sch.tlc Gid_sch. bp6 have now appeared
in the directory.

TIP: nmove the browse wi ndow when copying over the cell to reveal the
cell name. Use "fit" in the main Lasi wi ndow to see the schenatic
file.

Cl ose the source Lasi Wndow. You should now be ready to | ook at
Lasi Ckt and then Lasi DRC.



Choose the appropriate .bp6 file (eg Invf1l01l sch.bp6 in the above target
directory) open with Lasi, then choose [Sys] [LasiCKT] [Setup] [List]
choose I NVF101 _SCH i gnore Header, Footer and Alias files for the nonent.

Return to the schematic wi ndow select [layr] in Menu 1, you will see a
list of all of the layers with one checked (probably Iayer 1
Note the layer nunbers for NTXT CTXT DTXT PTXT (probably 4, 5, 6 and 7).

Go to the Conpile Setup wi ndow and enter these nunbers into the Node,
Connector, Device and Paraneter text boxes respectively:

Speci al Text Layers:

Real Node Text Layer 4 Devi ce Nane Text Layer 6
Connect or Text Layer 5 Par anet er Text Layer 7
Opt i ons:

[v] Report Floating Cells [ JReport Virtual Nodes
[v]Report Multiple Connections [Vv]Report Counts

Rules () Grcuit (o) Schenatic]

Name of Error File: Lasickt.rpt [X]

Next we have to set up the interlayer connectivity. This is done with
the Trace table: [Sys] [LasiCKT] [Trace]

Go back to the schematic wi ndow, click-on [Get] then select sonme of the
bl ue interconnecting lines on the schematic, then click-on [Info].
There will be a layer reported in that box. For this exanple it is

| ayr =MET1(49)

Enter 49 in the Conductor 2 box in the Trace Table wi ndow. [OK] [&0]

- the extraction routine should run, then report:
"Conpleted ...0 Errors O Wrni ngs"

- if you get alot of errors and warnings (8 Errors) for this exanple,
then you have not entered the correct layer in the step above. Notice
that you can enter this nunmber on any conductor |ayer and the netli st
extraction fromthe schematic will still work. However when we get to
the netlist extraction fromlayout, this will need to be entered into
the correct conductor layer. sone schematics may use another |ayer
(possibly layer 3 SCHW to avoid this conplication and possi ble area
for making errors.

Note: there are now 22 files in this directory: Invfl10l_sch.cir
I nvf101 sch.nod Lasickt.rpt LasiCkt.usf have just appeared.

Choose [Read] [Browse] then locate the target directory and



I nvf101_sch.cir [Open] [OK]. You should then see a SPICE netlist as
fol | ows:

*** SPICE Circuit File of INVF101_SCH made by LASI CKT 08/10/02 16: 03: 28

*MAIN | NVF101_SCH I N OQUT

ML OQUT I N VDD VDD CMOSPB L=2u Ws13u
M OUT INO O CMOSNB L=2u W4u

. END

Now we shall return to the header and footer files: copy the follow ng
into two separate text files, then save the first as | nvf101. hdr, the
second as Invf101.ftr.

R b S b S b S R R b O b I nvf 101 Test_ Bench KRRk S b S O R I S b

Vdd VDD 0 2V AC O
vem A 0 1V AC O

R b Sk b R S Sk S b S O R Input Drlve kkkkhkkkhkhkkhkhkhkkhkhkhkkhkhkkhkhkkhkkhkrkkhkhk*

* NB V2=vdd Vi V2 td tr tf Pw Per

*

| | | | |
VdmIin ADC 0O AC 1 PULSE(-0.3 0.3 Ons 1ns 1ns 100ns 200ns)

R b S b S b K I b O b End Of TeSt-BenCh kkkkhkhkkhkkhkhkhkhkkhkhkkhkhkkhkrkkhk*x

KRRk Ik S b S b I R S b o Invflol Footer Flle KRRk S b S O I I o
KRR b S b S b S Rk b O b LI br ary I:bfl nl tl on kkkkhkhkkhkhkhkhkhkkhkrkkhkhkkhkhkk*k

Level 2 nodel nchan nodel for Orbit CN20

. MODEL CMOSNB NMOS LEVEL=2 PHI =0. 6000 TOX=4. 3500E- 08 XJ=0.200000U TPG=1
VTO=0. 8756 DELTA=8. 5650E+00 LD=2. 3950E-07 KP=4.5494E- 05

UO=573.1 UEXP=1.5920E-01 UCRI T=5. 9160E+04 RSH=1. 0310E+01

GAMVA=0. 4179 NSUB=3. 3160E+15 NFS=8. 1800E+12 VNAX=6. 0280E+04

LAMBDA=2. 9330E- 02 CGED0O=2. 8518E- 10 CGSO=2. 8518E-10 CGEBO=4. 0921E- 10
CJ=1. 0375E- 04 MJI=0. 6604 CISW-2.1694E- 10 MISW:0. 178543 PB=0. 800000

++ + + +

*

Level 2 nodel pchan nodel for Obit CN20

. MODEL CMOSPB PMOS LEVEL=2 PHI =0. 6000 TOX=4. 3500E- 08 XJ=0.200000U TPG=-1
VTO=-0. 8889 DELTA=4. 8720E+00 LD=2.9230E- 07 KP=1.5035E- 05

UO=189. 4 UEXP=2. 7910E- 01 UCRI T=9. 5670E+04 RSH=1. 8180E+01

GAMVA=0. 7327 NSUB=1. 0190E+16 NFS=6. 1500E+12 VMAX=9. 9990E+05

LAVBDA=4. 2290E- 02 CCGDO=3. 4805E- 10 CGSO=3. 4805E- 10 CGBO=4. 0305E- 10
CJ=3. 2456E- 04 MJ=0. 6044 CISW2. 5430E- 10 MISW0. 244194 PB=0. 800000

++ + + +

KRRk b Sk b o R Rk S Sk b A SI mJI atl ons kkkhkkhkkkhkhhkkhkhhkkhkhkhkhkhkhkkhkhkhkkrkk ik *

.oP
.DC Vdm -0.3 0.3 0.5m
.AC DEC 11 1k 1000MEG

* _NO SE V(out) Vdd DEC 11 1 10MEG
.TRAN 0.2n 3u U C

KRRk Sk Sk b S b R R b b Q)n-rrands for Spl CeS KRRk S b S O I I

. OPTI ONS METHOD=GEAR | TL5=0 RELTOL=0.001 ABSTCOL=1n VNTOL=1m
*#destroy all

*H#run

. CONTROL



wher e
. ENDC

*xxkxxxkr GP| CE3 & NUTMEG Commands, run fromwithin WnSPI CE3 *******x%
* Note to switch conmand on: *#PLOT ...

* to switch command off: * PLOT ...

R R R S I I R R R I I I kI R R R b I I R S I S I I R R I I R I R
*#PLOT dcl. V(out)#branch

*#PLOT db(acl.v(out)) ph(acl.v(out))

* PLOT mag(acl.v(out)) ph(acl.v(out))

* PLOT | (Vvdd)

*#PLOT V(In) V(out)

* PLOT onoi se | ogl og

Rk kS b S O O b End Of Invf 101 Foot er FI I e kkkkhkkhkkhkkhkhkkhkhkkhkhkkhkhk*k

NOTE: the device Mddels used here are sinple ones which all ow
simulations to run. Ideally level 8 (level 49) nodels as provided from
the foundary shoul d be used, however to do so would require us to wite
the area, periphery and resistance rules for the |ayout based on the

wi dth and |l ength of the devices to ensure junction cappacitances and
drain and source resistances are correctly extracted. By using the
Level 2 nodels we can avoid that issue for the noment. We will return
to this later.

G To the Conpile Setup window in [Sys] [LasiCKT] [Setup] and enter
the header file as Invf101l. hdr the footer file as Invf101l.ftr [CK]
Cick on [GJ to create the netlist which should be ready for
simulation. |[|f you have WnSPI CE3 set up, you can just locate the

I nvf101_sch.cir file and double click on it and the simnulation runs.

You should then see three plots, the first is the input/output DC
transfer function, the second is the open |oop AC gain and phase, the
third is the transient response.

TIP: always add a <return> at the end of the header and footer files,
otherwi se the conpiler joins the next line and causes and error in
SPI CE.

You shoul d now have 24 files in this directory.



The original setup files for WnLASI were for SCNA (Scal abl e CMOS
N-wel I Anal og) technology with a | anbda of 1.0. Unfortunately this
technology (Obit's 2.0 um CMOS) is no |longer available, so we have
to nodify the default files to set themup for a new technol ogy.
Presently this is SCN3M SUBM (SCal able N-well 3 Metal |ayer SUBM cron
features) details can be found at:

http://ww. nosi s. org/ Techni cal / Desi gnsupport/ nosi s- desi gn- exanpl e. ht n

Fortunately we can "re-use" the earlier layout libraries with a Lanbda
scaling of 0.30. This variant of SCMOS corresponds to the Agilent/HP
0. 50um CMCS process. This allows us to reuse the typical N91B SPI CE
nodel s fromthe web site in our simulations.

Not e: these have not been used in the above footer file.

Choose the appropriate .bp6 file (eg Invfl1l01l. bp6 in the above target
directory) open with Lasi, then choose [Sys] [LasiCKT] [Setup] [List]
choose I NVF101, |eave Header, Footer and Alias files blank for the
nmonent. Choose (0) Grcuit Rules [(K]. Go to the Trace Table [Trace]
Enter the fol l owi ng

Conduct or 8

Conductor 5 51 VB

I nsul ator 4 50 Vi a2

Conduct or 4 51 M2

I nsulator 3 50 Vi al

Conduct or 3 49 ML

I nsul ator 2 25 Contact (poly or active)
Conduct or 2 56 Pol y2

Insulator 1 47 48 Pol y2 Contact, Active Contact
Conductor 1 46 Pol y1

These are the interconnect |layers referred to in "CMOS Circuit Design,
Layout and Si nul ati on" page 157, as defined for this process. Al so see
NEWLASI CKT. pdf

I gnore the capacitances in the Trace Table for the nonent, we shal
return to these later on

Add the followi ng cellnames to the Smash List under [Smash]:

PAD
VI A
CONTACT
SFRAME

TIP: Layers used in a cell naybe checked with: [Sys] [Show] [List]
then pick the cell of interest by double clicking on it, then [ (K]
by scrolling down the table presented you can see how many boxes,
pat hs or text |abels have been added on each layer. For our exanple
here, there are:



0 boxes and 0 paths and 2 text entries on layer 5 (CTXT)
8 boxes and 8 paths and O text entries on |ayer 25 (CONT)
0 boxes and 1 path and O text entries on |ayer 42 (NWEL)
1 box and 3 paths and O text entries on layer 43 (ACTV)
1 box and 1 path and O text entries on |ayer 44 (PSEL)
1 box and 1 path and O text entries on |ayer 45 (NSEL)
0 boxes and 1 path and O text entries on |ayer 46 (POL1)
0 boxes and 4 path and O text entries on |ayer 49 (MET1)
2 boxes and 0 paths and O text entries on layer 50 (VIAl)
2 boxes and 0 paths and O text entries on |ayer 51 (MET2)

Layer tables for each technol ogy can be found in the Formdbd file
for this technology the file |ooks Iike this:

; FORM DBD for SCN3M SUBM design rules, based on original file by
; Aaron Huntsinger and Jake Baker, 1996
; Modified for Agilent/HP 0.5um Process (HP_AMOS14TB) SLFH 11 Aug 02.

layer=arrw 1 ;layer used to draw arrows in schematics

| ayer=otln 2 ;Cell outline |ayer

| ayer=schm 3 ; Schematic |ayer used for drawing circuit schematics
| ayer=ntxt 4 ;used to label nodes for LASI to SPICE list, LASICKT
| ayer=ctxt 5 ;1 abel s contacts so LASICKT knows order, i.e., DGS
| ayer=dtxt 6 ; gi ves devi ce nunber such as ML or M5 etc.

| ayer=ptxt 7 ;used to specify part type, nodel size etc

| ayer =cont 25 ; cont act

| ayer =pads 26 pads

| ayer =sbl k 29 salicide block (additional for HP_AMOS15TB)

| ayer =pwel 41 p-wel | (Not used in HP_AMOS14TB)

| ayer =nwel 42 n-wel |

| ayer=actv 43 active

| ayer =psel 44
| ayer=nsel 45
| ayer=pol 1 46
| ayer =pcon 47
| ayer=acon 48

psel ect (or P+ diffusion)

nsel ect (or N+ diffusion)

poly 1

poly contact (additional for HP_AMOS15TB)
active contact (additional for HP_AMOS15TB)

| ayer=net1 49 nmetal 1

| ayer=vial 50 via connection between netals 1 and 2 (contact cut)
| ayer=net2 51 nmetal 2

| ayer=ovgl 52 overgl ass; cut openings for pads in top passivation
| ayer=pol 2 56 poly 2 (Not used in HP_AMOS14TB)

| ayer =pbas 58 pbase (Not used in HP_AMOS14TB)

| ayer =cwel 59 cap well (Not used in HP_AMOS14TB)

| ayer=vi a2 61 via 2, metal2 to netal 3 (contact cut)

| ayer=nmet 3 62 metal 3

The | ayers | abelled (not used) are legacy |layers fromearlier designs
and probably should be left in to allow you to view any invalid boxes
or paths on those layers. Layers |labelled (additional) have been
added to the earlier technology file. [View] will allow you to select
the "Al'l layer" node; followwith [Draw] to see | ayers sel ected

Copy this text to a file nanmed Form dbd and save it in the target
directory. You should now be able to read this file by clicking on
[Read] in the layout wi ndow, then scrolling down the "File to Read"
nmenu then doubl e clicking on FORM DBD [ (K] .



You shoul d now have 25 files in your target directory.

Next go to [Menu2] [Set] [Layers] then check that all the |ayers
are present add/del ete as necessary to match the above table, edit
as necessary [Save] [OK].

Now you are set to try extracting a netlist fromthe target |ayout
cell. First you have to create a second rank cell into which you
can place the invertor cell to extract the subcircuit for the

I nvf101 layout. As the original |ayout has been generated for use
with a digital sinmulator (which uses U-type primitives) you wll
have to create the text to be extracted fromthe |ayout.

W are going to generate a new cell froman existing library.

[Cell] double click Invfl101(1) [OK]. dick [Save] then type
"Invertor" in the cellname box [OK]. [Sys] [ReRank] [List]
double click Invertor(l) [OK] enter 2 in New Rank box [OK].

Return to schematic window [Cell] double click Invertor(2) [OK].

You shoul d now have 27 files in the directory; Invertor.bp6 and
Invertor.cl 6 have just appeared.

Now comes the interesting part - open Invf1l01l as PMOS13WRL and as
NMOS2WsL. Switch to each of these cells and edit them down to
just the PMOS and NM3s parts only, add connector text for DGSB
on the PMOS and DGS on the NMOS. Return to Invfl101 and renove
the parts relating to the NMOS and PMOS devi ces; replacing them
wi th the PMOS6VRRU and NMOSAWRL rank 1 cells. Renenber to add a
Contact (25) and covering ML (49) box inside the n-well of the
PMOS rank 1 cell, then connet ML in the rank 2 Invertor cel

to VDD. Add Device and paraneter text over the PMOS and NMOS
cells in the rank 2 Invertor cell

[ Sys] [Lasi CKT] [Setup] [List] select INVERTOR Renopve the header
and footer file nanes for now [OK]. [GJ then [OK] on the error box
that appears. [Read] select LasiCKY.rpt [OK]. Wen you have sol ved
all the problens you have created and in the process |learnt how to
use the layout editor, you should see a "clean" error file like this:

*** Conpile Error List for | NVERTOR made by LASI CKT 08/14/02 17:22:45

[ MAIN CIRCUI T] | NVERTOR

Count s: Nodes Connectors

Devi ces (Real Virtual Synbol Total)(Count Real Virtual Synbol Total)
2 3 0 0 3 7 7 0 0 7

Conpleted ... O Wrnings O Errors

Fi ni shed: 08/14/02 17:22:50




You should also get a SPICE netlist as follows:

*** SPICE Circuit File of I NVERTOR nade by LASI CKT 08/18/02 22:29:53

*MAIN | NVERTCOR VSS VDD | n Qut

M1 Qut In VSS VSS NMOS W4u L=2u
MP1 Qut In VDD VDD PMOS W£13u L=2u
. END

TIP: Myve the placenment of the text around until it is read correctly
into the netlist for both the subcircuit header as well as the device
nodes.

Note: You will have to add an N+ Inplant with an Active insert inside
the Newell of the PMOS and a P+ Inplant with an active insert near the
NMOS device to connect the Tub and Sub to Vdd and Vss respectively.
These have been missed on the Invf101 cell as they were drawn at a

hi gher level in the CMOS library. For Anal ogue designs it is

"good practice" to make the body connections for all the MOS within the
cell, locally.

You should now have at least 31 files in this directory; the newfiles
are: PMOS13W2L. bp6, NMOSAWRL. bp6, Invertor.nod and Invertor.cir. An odd
Loadbkup.tlc file may have appeared making the file count 32.

To tidy up: [Sys] [Kill] [List} choose I NVF101(1) [OK] leaving 31 files.



Start WnLASI in the above Invertor directory. [Sys] [LasiCKT] [Conp]
then enter:
First Node List File: Invertor.nod
Second Node List File: Invfl1l01. nod
Base Nanme of Circuit: I|nvertor
Name of Error File: Noderror.rpt
[ Compar €]

You will get the report: "Nodelist of INVERTORis not in
I nvf 101_sch. nod"

If you open the two files you will see that the subcircuit name is
different, edit [INV1I01_SCH to [INVEERTOR_SCH in the Invf101_sch. nod
file, then save it.

[ Compare] now you will get a report like this:

*** Node Conpare Error List nmade by LASICKT on 08/18/02 23:05:51

Conparing Invertor.nod to Invfl101_sch. nod
Connection MN1.2 on Node In: is not on expected Node ?
Connection MN1.1 on Node Qut: is not on expected Node ?
Connection MP1.3 on Node VDD: is not on expected Node ?
Connection MN1.3 on Node VSS: is not on expected Node ?
Conparing I nvf101l_sch.nod to | nvertor. nod

Connection M2.3 on Node 0: is not on expected Node ?
Connection ML.2 on Node IN: is not on expected Node ?
Connection ML.1 on Node QUT: is not on expected Node ?
Connection ML.3 on Node VDD: is not on expected Node ?
Finished ... 8 Errors

Which is sort of obvious as the two circuits really are not the sane ..

You wil find you now have 33 files in the directory. A file called
Noderror.rpt has appeared as nay have a file called Undobkup.tlc.
Noderror.rpt is the exanple above.

Load I nvf101_sch and save as Invertor_sch

Load NMOS sch and save as PMOS13W2L_sch

Load PI\/DS sch and save as NMOS4AWRL sch

Kill NMOS_sch, PMOS sch, Invf101_sch and Gnd_sch.

When you load Invertor_sch agian you will find the sub cells mi ssing.
Re- pl ace PMOS13W2L_sch and NMOSAW2L _sch on the Invertor Schematic and
edit it until you get a clean LVS report.

Remenber to change the connector nunbering sequence for Vss, Vdd, In
and Qut nodes. Change Device names to MP1 and MN1, change paraneters



to "PMOS WE13u L=2u" and "NMOS We4u L=2u", rel abel what was Gid to Vss.
Connect the body nodes to Vdd and Vss.

[ Sys] [Lasi CKT]
Change the files to be conpared:
First Node List File: Invertor.nod
Second Node List File: Invertor_sch. nod
Base Nanme of Circuit: I|nvertor
Name of Error File: Noderror.rpt

[ Compare] should produce the Noderror.rpt file:

*** Node Conpare Error List nmade by LASICKT on 08/18/02 23:58:02

Conmparing Invertor.nod to Invertor_sch. nod
Conmparing Invertor_sch.nod to Invertor.nod

Finished ... 0 Errors

Edit Invf101.ftr and I nvf101. hdr to Invertor. hdr and Invertor.ftr
Remove all of the Invt101. xxx files left in the directory, as well as
the Ghd_sch.tlc NMOS sch.tlc and PMOS sch.tlc files

You shoul d now have 27 files in the directory, Invertor_sch. bp6
Invertor_sch.cl 6 Invertor_sch.cir and Invertor_sch.nod have appeared.

You should by now be quite confortable with using the schematic editor
and | ayout editors.

To prepare for the next section, re-run Lasi CKT for both Invertor and
Invertor_sch including Invertor.hdr and Invertor.ftr in their .cir
files.

Remenber to edit the Footer file to change the nodel nanes from CMOSNB
to NMOS and CMOSPB to PMOS.  Also renenber to add the line

"Rss VSS 0 1u" to the header file to replace the internal G ound
connection renoved above.

Doubl e click on both .cir files to sinulate (if you have WnLASI setup
to do so) conpare the sinulated results. They should be identical



Once you have a schematic and | ayout extraction setup to run in spice,
you can set up the parasitic capacitance extraction

fromthe [ayout wi ndow [Sys] [LasiCKT] [Setup] choose Invertor and
circuit rules. [Trace] then enter the follow ng val ues:

cGid C2L+1 C2L+2 C2L+3 C2L+4

Conductor 5 51 0.011

I nsul ator 4 50 0. 042

Conductor 4 51 0. 016 0. 015

| nsul ator 3 50 0. 042 0

Conductor 3 49 0. 031 0 0. 010
I nsul ator 2 25 0 0.017
Conductor 2 56 0 0. 059

Insulator 1 47 48 0

Conductor 1 46 0. 098

click the (o)fF "button"
TIP: WnSPI CE3 does not recogni se aF

Check the "[v] Node to Ghd Caps" box
and the "[v] Node to Node Caps" box. [CK]

Edit Invertor.hdr adding the follow ng |ine:
Rin AB 1k
then edit the comon node source to say:
Vem B 0 1V ACO
re-netlist both Invertor.cir and Invertor_sch.cir, Double click on
Invertor.cir and on Invertor_sch.cir in the target directory to
simul ate. Conpare the results, you will see a slight difference:
Invertor_sch (the ideal) will have a bandw dth of about 140Mz and
a risetime of around 3ns, whereas Inveror (with parasitics) will have

a bandwi dth of about 100MHz and a rise tine of about 5ns.

TIP: use version 6.2 or 7.0 for extracting the node to node
capaci tances, for sone reason it does not work in version 6.3.2.2

To use version 7 you will have to do a TLCout from one of the version 6
LASIs. Once you have used version 7 you will have 33 files in the
directory, the new files are: Lasi7.usf Cells7.dbd Swap. bpv Invertor.tlc
Nmos4w2l . t1c and Pnosl3w2l . tlc

TIP: values for N91B process to enter into theTrace Table can be
obtai ned from

www. mosi s. or g/ Techni cal / Desi gnsupport/ nosi s- desi gn- exanpl e. ht m #Pr el at ed






Setting up 3D viewer using Lasi DRC

Once a layout is available [SYS] [Lasi3D] [Setup] enter layers into
the Layer List:

1 2 3 4 5 6 7 8
46 47 56 25 49 50 51 61
9 10 11 12 13 14 15 16
62

Then Browse for Inveror.tlc [OK] [&0]

Return to the main Layout w ndow, [TLCin] [Brwse]pick Invertor_3D.tlc
[Open] [OK] [Ck]. You should see an angled isonetric 3D plot of the
layers in just the invertor cell. Lower rank cells are not shown.

There are now 37 file in the target directory, the four new files are
Lasi 3D. usf Invertor _3D.tlc Invertor_3d.bp6 and Invertor_3d.cl6



Fromthe |layout wi ndow [ Sys] [LasiDRC] [Setup] [List]

choose "lInvertor" [OK] [Browse] then search for Mosissubmdrc (in ny
setup it is in the MOSIS directory). For older versions you will have
to use the older rules to be found in the WMOSI S directory and will be
called Mosis.drc

[Open] [Ok] [Go] [Ok] [Read] pick LasiDRC. rpt.

TIP: if this is the first time running version 6.3.2.2, you will have
to add the full path to the reader box to avoid the "Cant find Reader
Program error nessage. |In ny setup it is at C \WNNT\ not epad. exe
you should then see a report like this:

*** | ASlI Design Rule Check Flag Report

Cell: I NVERTOR

Check 1: 1.1 Wll width >=10 lam (1)

Date: 08/21/02 Time: 12:31:36

Resol uti on= lum Distance= 10um ScaleRatio= 1 MpSize=1
Area(s) Fl agged:

Conpleted ... O Total Flags

Fi ni shed: 08/21/02 12:31: 37

[ Setup] enter 102 in the "Finish Check [ 1" box, select [Fit} to fit
DRC area to cell selected [OK] [Go] .......
[ Read] pick Lasi DRC rpt [ K]

Examine the errors reported. Wat they are will depend upon how wel |
you drew the Invertor |ayout above (M ne gave three errors). The error
nmessages will appear under the line "Area(s) Flagged: " (see above
[isting)

WARNI NG cells such those in the "CMOS circuits" directory were witten
for the Mosis.drc rules in the WMSIS library. They will fail sonme of
the Mosi sSubm drc rul es used here, so the cell(s) will need editing
accordingly.

The nmessages | got were:

Check 12:
Area= Zoom -36.65 -3.7 475.35 316.3 Map= | NVERTCOR 12 1. PCX

Check 15
Area= Zoom -36.65 -3.7 475.35 316.3 Map= | NVERTCOR 15 1. PCX

Check 25
Area= Zoom -34.65 -1.7 477.35 318.3 Map= | NVERTCOR 25 1. PCX

TIP: use [Edit] [Find] then enter the word "zoont in hte Notepad report
wi Il assist in finding which rules have been conpromnised. You can of



course go to that area of the |ayout to see what the object is.

W now have 42 files in the directory, the new ones are:
Lasi Drc. usf Lasidrc.rpt and the design rule "error" files
Invertor_12 1.pcx Invertor_15_1.pcx Invertor_25_1. pcx

In the Lasi DRC wi ndow, [Sys] [Lasi DRC] pick [Map] you will then see a
list of .pcx files (for me those three |isted above). Pick one [Open].

You will see a window with sinplified representations of the cell(s)
bei ng checked, the error are highlighted in white, the specific error
here is select width is less than 4 [ anbda and occurs in both NMOSWIL2
and PMOS13W2L. You will notice that in the Map wi ndow, next to the
check nunber there will be a line of text telling you the rule file
nunber and short descripton of the rule being violated (for this
exanple it is "4.4 Mninmum sel ect overlap and spacing ..."

To hel p understand the error, there are a nunber of Rulexx.tlc files
inthe MXSIS directory. Start by loading AIIMOSIS. tlc. This is a
Rank 2 cell which reads all the Rulexx.tlc files as Rank 1 cells.
Scroll around until you locate (Check 12) which is to be found in
(Rule4.tlc) [List] double click Rule4(1l) [Fit]

Conmpare this layout with the earlier one you have made.

TIP: to make the (n-select) clear go to [Ldrw] check "[Vv] NSEL 45" [ (K]
Sdrw will return the drawning to all |ayers.

(I'n our exanple, we had to nove the tub tie away fromthe active areas
on our MOS devices, as they were too close)

TIP: to save tinme when checking for one rule, enter its nunber in
both the start and finish boxes.

TIP: do not rely on the pcx files appearing either through map or in
the directory to flag the instance of an error. For instance check 12
above will give an error in LasiDRC rpt, but does not generate a pcx
file for the n-select and p-sel ect boxes in the NMOS device, but does
for the PMOS devi ce.

Once you have |l ocated and edited the errors, check the "[v]Renove old
PCX file" box (only available on version 6.3.2.2 or later). Re-run
the DRC on all 102 checks. Verify that the word "zoonl' does not appear
in the LasiDRC.rpt file.

By the time you have got to here, you will have found that to neet the
new design rules, you will have had to either make the active of the
PMOS cell larger (thereby requiring a renanming of the cell) or that
only two contacts can be fitted into the active area avail abl e.

You should now have 39 files in he directory with no PCX files once the
cell(s) is (are) "DRC clean".

NOTE: it is "good practice" to re-extract the netlist fromthe | ayout
and do a netlist conpare whith the schematic, then re-run the sinulation
on the extracted circuit just to ensure there have been no conprom sing
changes made during the DRC corrections.



8. Setting up a "TapeQut" from W nLASI using TLC2GDS

It is strongly recommended that you read the help files for TLC2GDS
first.

[Sys] [TLS2GDS] [Help] Read it.

[ Setup] enter the following ....

TLC File Nane [lnvertor.tlc ]

GDS File Nanme [l nvertor. gds ]

--Layer OptiONS-- - - - m oo m o e e oo
TLC Layer Filter (1-256) [25 26 29 41-52 56 58 59 61 62 ]
Layer Datatype Map File | ]
GDS Li brary nane [ DEFAULT. DB] Scale Unit LSB Correction [0 ]
GDS Units per Phys Unit [1000 ] Lanbda Lenght in um/[1. ]
Default Path wi dth [0 ]

--Conversion OptioONS--------m oo e oo
[ ]Convert Text ] Lower case Cel |l Nanes
[v] Check for Proper GDS I C Protocol v]Sort Cells in Ascendi ng Rank

Report File Nanme [Tl c2gds. rpt ] [ ]

—r—

You will now have 40 files in the directory; TIc2CGds. usf has just
appear ed.

[click [Go] in the TLC2GDS wi ndow. Reply yes to "Create Invertor.|ldm
file?" and yes to all of the "Mip to GOS Layer [xx]" queries.

You will now have 43 files in the direcory; the new files are:
Invertor.gds Invertor.ldm Tl c2gds. rpt

You shoul d not get any conversion errors; if you do see the TLC2GDS
help files for explanations.

Note the presence of Invertor.ldm If you need to alter the |ayer
map for a new process, erase this file, re-run the convertor, then
put new nunbers in the "Map to GDS Layer [ ]" box for each |ayer

you wi sh to nove.

The Layer Data Map should | ook like this:

*LDM built fromlInvertor.tlc
25,0, 25
43, 0, 43
44,0, 44
49, 0, 49
46, 0, 46
45, 0, 45
42,0, 42
51,0,51
50, 0, 50
47,0, 47



[ Read]

- If thisis the first time running version Tlc2gds 7, you will

have

to add the full path to the reader box to avoid the "Cant find Reader

Programt error nessage.
In nmy setup it is at C\WNNT\not epad. exe

[OK] to see a report like this:

*** TLC to GDS Conversion Report 08/22/02 12:08:55

GDS File Nanme: Invertor.tlc

GDS Library Drawi ng Nane: DEFAULT. DB

GDS Scal e: 1000 per um

LASI Scal e: 20 per um

Rescal e Ratio: 50

Lanbda: 1um

Filtered Layers: 25 26 29 41-52 56 58 59 61 62

Structure Boundari es Paths Text Srefs
PMOS13W2L 20 0 0 0
NMOS4W2 L 13 0 0 0
Duplicate Vertex Renoved at X=10 Y=48 L=46

Duplicate Vertex Renoved at X=10 Y=48 L=46

Duplicate Vertex Renoved at X=9 Y=11 L=46

Duplicate Vertex Renoved at X=7 Y=11 L=46

Duplicate Vertex Renpved at X=6 Y=48 L=46

Duplicate Vertex Renoved at X=6 Y=48 L=46

Duplicate Vertex Renoved at X=13 Y=49 L=49

Duplicate Vertex Renoved at X=13 Y=49 L=49

| NVERTOR 13 0 0 2
Conpleted ... 3346 Bytes in GDS File

The resulting output file should now be in "Canmera ready" GDSI| fornmat.

If the file was for a whole chip, themwe would have just created the

"dat abase" ready for "TapeCQut"

However this was only for our Invertor exanple. To verify it we have

to use the GDS2TLC convertor



9. Reading a GDSII file into WnLASI using GDS2TLC

Fromthe Layout wi ndow [ Sys} [GDS2TLC] [Hel p] read the files.

To view the newtlc files and conpare themto he originals, we need to
create a subdirectory. Renenber to "clone" the new directory to get
the layer information; fromthe target directoy:

[Sys] [ one] wite Tenporary in the "Full Path of New Fol der| 1"
box [ OK]

TIP: use a WnLASI6 version to do this - Version 7 does not seemto
wite the layer file correctly ..

Check the new directory has one file in it: |asi®6.usf

[ Sys} [GDS2TLC] [Setup] enter the following ....

GDS Fil e Name [l nvertor.gds
Path of all TLC Cell Files [Path* (- see bel ow) ]
--Layer OptionS--------cmmm e e a e

Layer Datatype Map File [Invertor.|ldm ]
TLC Layer Filter (1-256) [25 26 29 41-52 56 58 59 61 62 ]
Physi cal Units [um ] LASI units per Phys Unit [Scal e** ]

--Conversion QptionNS-----------mmmmm oo

[v] Convert GDS Text [V]Replace old TLC Files [ ]QOrmt Layers Record

[v] Check for Open Poly [v]Use Default Opt. Recds [ [Wite Layers TLD

[v] Convert Boundaries to Boxes [ IWite Nanes File
Report File Name [CGds2tlc.rpt ] [ ]

*Path = E:\Docunents and Settings\Al |l Users\Docunent s\ W nLASI\ SCRATCH
\'I nvertor\ Tenpor ar y\
**Scale = 20 Lasi Units/Phys Unit; look in [Sys] [Scale].

Notice that we have used a sub-directory of the target directory, to
prevent the original .tlc files frombeing overwitten.

[ &o]

There are now 45 files plus the "Tenporary"” sub-directory in the
target direcory with 3 files in the sub-directory. The new files are:
Gds2Tl c. usf Gds2tlc.rpt and in the sub-direcory:

Invertor.tlc Pnos13w2l.tlc and Nhros4w2l . tlc

Go to the Tenporary directory and double click on Invertor.tlc
The invertor layout should cone up. It will initially appear "odd"

- this is because the text is mssing. REsize the two |ayout w ndows
you now have open, on shoould be on the Invertor cell in he target



director, then other on the Invertor in the tenporary sub-directly.
Conmpare the two layouts - text apart, they should be identical apart
fromwhere the conversion to GDSII format has renoved vertices etc

TIP: only read in the newtlc files with version 7. Version 6 seens
to pick up old versions of the layout (for ny exanple, the pre-DRC
versions of the layout).

Check that the sizes of the two |layouts are the sane; for exanple the
vi as should be 4l anbda across. |If not go back and check the val ue

of scale above with the nuner of LASI Units per Physical Unit entered
in GDS2TLC wi ndow above.

Do an [Export] etc to produce the {layers}.tlc file.

You should now have 17 files in the tenporary directory: {layers}.tlc
Cel I s6.dbd Invertor.bp6 Invertor.cl6 Cells7.dbd Lasi7.usf Loadbkup.tlc
Swap. bpv Undobkup.tlc Cel |l bkup. bp6 Cel | bkup. cl 6 Mai nbkup. bp6

Mai nbkup. cl 6 have been added to |asi6.usf Invertor.tlc Pnpos13w2l.tlc
and Nmos4w2l .tlc already there. The target directory should stil

have 45 files in it
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