25/04/2007 “ls % 1 D2 A0 PO W

Systems Center basss@bgu.ac.il

corners

Corners define differences due to process inacmsgaemperature and
other parameter variations. It is clear that sioites that take these
differences into consideration will differ one franother.

Corners that describe differences due to procesxuracies (such as
doping variations) are supplied with the processkd usually are
located in models library. For example the kit caslude corners for:
Fast nmos Fast pmos, Slow nmos Slow pmos, Fast 8toaspmos,
Slow nmos Fast pmos, Typical nmos Typical pmos.

There is also possibility that corners will deserlE’s behavior in
different temperatures and other parameter vanstisuch as vdd
variations (in this case vdd has to be a variabkchematic).

Each corner that will be simulated can containt@eénology corner, one
temperature value and one value for every otherpater. During corner
simulation all available corners are simulated #m influence of
parameter variations on IC can be checked.

It is important to perform such simulations, be@alis design meets all
requirements for all technology corners availabléhe kit during
simulation stage, the likelihood that all requirensewill be met during
chip test increases.

Right now there are two different ways to simuleteners in VLSI
center. First one is manual however it's much e#&siactivate.

Its biggest disadvantage that you can get onlyreselt each time.

The second way is using Vsde tool. On the one ftawhore difficult to
activate ,on the the other hand the possibilittesnauch wider, and we
can see much more than one corner result by rurthengimulation one
time. I'll explain the ways in details.
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Performing cor ners manually

As | explained in previous section there are déférmodels for every
device for different type of simulation (ss/tt/fffs).

In order to define the model files for simulatiomuyshould enter Model
Library Setup. In order to do it you should enterafog Design
Environment. Then press Setup->Model Libraries.

Virtuoso® Analog Design Environment (1)

Status: Ready T=27 C Simulator: spectre 6
Sesk Ahalyses Varables Outputs Simulation Results Tools Help
Design ...
= = Analyses
Simulator/Directory/Host ...
Lib odel Libraries ... ] Brooments. ... L. Enable | ..
rary P TRAH
Temperature ... 40C
Cell L=
Stimuli ... | | 1
View = Simulation Files ... E T l
Environment ... o
Desgin varamnes Outputs I:Ev‘
#  Name Value #  HWame/Signal Expr Value Plot Sawe March

Flotting mode: Replace l

=

In the window that will open you should erase ladl files by choosing
them and press delete.

0K Cancel | Defaults | Apply Help

#Disable |[Model Library File Section .
Erpdda

Msr fods2006 A TSHC 018cf tsmcl8cE /. . /models;

;’usr;’cdsQDDE,’TSMC_DlBrf,v’tsmclarf!. . fmodels,’spectrefrf[llﬂ. sCs tt 3w Disable

Sust focds2006,TSMC_018:cf AbsmelBcE /. | /modelsfspectre/cf018. 5o tt_na
Sasr AodsB2006,/TSHG 018cf /smclBref/. | /models/spectre/cf018 scs tt_3vna i

Msrfods2006/TSHE 018 Asmcl1Brf /. | /modelsfspectre/cf018. scs thm

Susr fods2006/TSMC_018cf /LamclBef/. | /modelsfspectre/cf018. scs £t _3m Down

Model Library File Section (opt.)
| Just fods2006 /TSME_018cf ft=smcl8rf/. . /models fspectre/rf018. s | =

L Add Change Edit File Bruwse...=[|
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In the next stage you should add five files (byspieg Add button)
incl.scs : for typical simulation

incl_ss.scs: for slow slow simulation

incl_sf.scs: for slow fast simulation

incl_fs.scs: for fast slow simulation

incl_ff.scs: for fast fast simulation

All these files are exist ifusr/cds2006/TSM C_018rf/models directory
All you have to do is to choose the incl you wantthe type of the
S|mulat|on and dlsable the others (#)

OK | Cancel Defaults| Apply | Help|
TR e —
#Disshle|Model Libracy File ection Enable
r ;ugrfcds'QIIIEIE,f“I‘SHD_IZIlErf;’dee :
(# fusr/eds2006/TSMC_018rf /models /Ancl _FT. scs Exbi e
Jusc fods2006  TSHE_ | DlBrfmedelsfincl fz.scs

fisc fods2006  TSMC 0185 /models; 55 . SCS UP

i IusrfcdsZDDEfTSHD DlBrfmedelsflncl zf. scs

Dowvn
| Model Library File section {opt.)
/st fods2006 /TSME 018cf/models fincl ss. 303 D

Add | Delete | Change |  Edit File | Browse...

In the example above typical simulation is running.

Comment: for slow fast simulation and fast slowdetion | defined
mimcap and resistors as typical since they do unogpart sf/ fs.

In order to expand the possibilities of corners gan change manually
the temperature and supply voltage for every sitrara
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Changing temperature

In Analog Design Environment press Setup->Tempegatu
Virtuoso® Analog Design Environment (1)

Flotting mode: Replace

Status: Ready T=27.0 C Simulator: spectre 6
Sessiunalyses Variables Outputs Simulation Results Tools Help
Design
- . Analyses
Simulator/Directory/Host ...
Lib : Model Libraries ... E Brouments. ... L. Enahle :?EHH
cell b n 1] 1m yes
Stimuli ... | |T
View s Simulation Files ... Tad
Environment ... o
Desmgnm varrames Outputs I:Ev’
#  NHame Value #  NWame/Signal/Expr Walue Plot Sawe March j}/
1 Trize 29 8p
2 Tfall -24. 27p
3 A wes allv no E
4 EH ves allw no
5 =0 wes allvw no

The following W|nd0WW|II appear o

Ok Cancel | Defaults | Apply Help

Scale 4 Celsius - - Farenheit . - Kelvin

]=Dnegrees =|l

If you want you can change the scale and the Deg&ince the purpose
of corners is to accept the extreme of extremetegau should define
highest temperature for slow slow simulation digvest temperature for
fast fast simulation.

a7
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Changing supply voltage
In Schematic view of your test find thdc source and press Q

The following window

b d roper x
OK | Cancel| Apply | Defaults | Previous| Hext Help
Apply To only current instance
Showr system [l user l CDF

Browse Reset Instance Labels Display

Property Value Display
Library Hame | analoglib off
Cell Hame off
View Name symbol, off
Instance Name |VZ off
Add Delete Modify
User Property Master Value Local Yalue Display
Ivslgnore TRUE off
CDF Parameter Value Display
AC magnitude off
AC phase off

DC voltage off

Since the purpose of corners is to accept theregtie extreme results
you should defindowest supply voltage witthighest temperature for
slow slow simulation antighest supply voltage withowest temperature
for fast fast simulation.
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Performing cornerswith Vsde

From the icfb window press Tools->Vsde
LONSTraINT Manager... L2 =]
Mixed Signal Environment - H“EI Qu

Analog Environment

Technology File Manager...

Display Resource Manager...

CDF |

[r— b

Camera
SKILL Development...

v ,n:fﬂﬂt-Eq-urs v1/CDS.log =
H‘&Touls L@)ptiuns Help | 1

*Info+ Ignoring rcxMets from the State File

*Info* Ignoring rocxetsFromFile from the State File
*Info* Ignoring rcxMetsFile from the State File
*Info* Ignoring rcxFSMets from the State File

I

mouse Lo schSingleSelectPti) M: schHiMousePoplp () F: wvuiRcxInit()
It will take about a minute to upload the tool.
In order to start working you should create a newkspace (work

environment).
b Select Workspace

L= e g = e R =

Create it under your working directory (in this exge | called it
test_env)

bd Mew Workspace
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Choose No and press next
K4 New Project Wizard

il e | =

You can add description if you want (optional) dinein press finish.
K4 New Project Wizard k.
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Now you've build an environment to simulate in Visde
[B'd VSdE - test_eny

|0 = FEEXEE B

In the next stage you'll creataaw test.
You can do it by pressing Add->New Test or justichvith mouse on

test directory, then right click and choose NewtTes
4 VSAE - test_env

B B

You should name your test under Test name section

In Integration section if you want other simulator other than $ec
press other and choose other simulation (for examiplasim). However
most of the time we will work with spectre. Undesign location
choose the cell that you built for testing. It'pontant to choose config
view if you want to simulate post layout. Also yloave an option to
import your state from Analog Environment by chogsikFrom ADE in
Import simulation control and pressing ... for browgsiln this manual
we'll build a test inside Vsde environment therefae'll choose No
Import in this section.
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“v Create Test

S R =1 i

|
——

, !
l |

& =N E]]

The following window Design section) will appear:

[ Spectre Test Setup : SOCCMOS._ TSMC18/test. mux21jconfig/mux_fest

By pressing Browse you can choose another cell foevesting.
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The next section includes;
v | VSdE - test_env

[ v Spectre Test Setup : SOCCMOS. TSMC18/test mux21jconfig/mux test

For creating corners we need to create global petersiand change the
section name as following: tt->$section, tt_3v->x$gm_3v.Aftewards
we will be able to change $section, $section_3walting to our needs.

= [1

v  VSdE - test_env
[ v Spectre Test Setup ; SOCCMOS_TSMCI18/test. mux21fco nfig/m Lk test

Press ... to edit each section.
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Once you'll pres&lobals a window with global parameters will appear.
You have to define it's and press Ok value beforélybe able to

continue.
( Add Parameter

The next sectio@omponentsis used to add different voltage and current
sources to the design. However in this manuallt twe schematic if the

test manually therefore it's not necessary.
%  Spectre Test Setup : SOCCMOS_TSMC18/test_mux21/config/mux_test
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Under sectiorAnalyses we will define all the tests which are needed for
simulation. The environment is very similar to rieguanalog
environment in Cadence. For example DC simulatak$ as following:

[ Spectre Test Setup : SOCCMOS_TSMCL8/test mux2ifconfig/mux_ test

EEEEEEEEEE <

By pointing the simulation (on the left side at tbp) we can run more
than one simulation in parallel exactly as in Agalinvironment.
However we'll define Transient Simulation only tbrs test to simplify

its execution.
Y Spectre Test Setup ;: SOCCMOS_TSMC18/test_mux21/config/mux_test

%

EEEEEEEEEERQ
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Under Sim options we can see the default temperatur
RS Specire Test Setup : S0OCCMOS_TSMC18/test. mux2 Liconfigimux_test

UnderRun section, choose sub section caNgdvefor ms.
Press Select button.

hdl Spectre Test Setup : SOCCMOS5_TSMC18/test- mux21fconfig/mux test
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Select the signals exactly as in Analog Environmafier you'll choose
input, out, and control signals the following windavill appear.
Design | Includesl Glnbals| Cumpunentsl .ﬂmalysesl St Optiunsl Measures Run |

Optiunsl Status | Results Wavefnrmsl

Sighals to plot: _ | Auto-plot
Plot Mame Type Color
W |8 net cyan
W |/B ™, net green
rRED ), net purple
W m net orange
Copy Save List | Select | Add ‘ Delete |
~Plot actions
Plot layout—— Plot viewer: |<Use Diefault= _/I
4 Strip plot Plot analysis: I _/I
o Overlay plot Plot window: ||:|EarJ then plot _/I
Elot

You can choose in the window which signals do yamt¥o see.
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Also after running the simulation the Plot optiarthe right bottom of
the screen will appear so you will not have to thunsimulation in order
to see the waveform.

Pass to sub section call8thtus and press Run. If the simulation will
pass the foIIowmg wmdo '

Design I Includesl Globalsl Componentsl Analysesl Sim Options | Measures Run

Options | Stetus | Results | Waveforms |

Status: W

'Hu‘_sﬁ I‘W -sirﬁ_q_lé_t'_ori IW
Startwate.  [Apwazzo07 S |
Eapeceumes [ile || ERttne |
Memory used: IW S e W

Run dir: [resulis/50CCMOS_TSMCT Best_musel/corfig/mias_testiund

viewnetist | viewsenpt | View Quput ﬁm

Wiew Other... | _Qpen'g‘;term |
(Fﬂjh D oK | Cancel | el | Help |
quiaﬁgn’ complete. (Overrides: OF [Passed: 1 Faillesdio | |

If in the Status: will appear failed the icon Viewors.

Also during simulation under icon Run you can séferent stages of
Simulation then the final state is Simulation coetel

By passing to sub sectidiaveforms and pressing Plot you can view all
the signals:

File Edit Graph Axis Trace Marker Zoom Tools Help
Sr#El BB W s ¥ir Jd B |
iran Il_l

time ims)
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Now we will go back tdM easur es section and we will add Trise and
Tfall. First of all press Add->ADE Calculator

b4l spectre Test Setup : SOCCMOS_TSMC18/test mux21jconfig/mux_test

MHNEHESEaRNREL o)

The following window will appear:

rv Set Measure Name

After pressing Ok we will open calculator.

In the calculator we'll generate an expressioratoutate Tfall (the same
as Trise) of Vout signal (from 90 %-> 1.62v to 1690.18v).

Notice that the range in which to measure Tfadldk from the
Waveform (95us to 105us)

-
T_v Calculator, = |'_EI |'_8

Window Tools Memories Const Options Help
fusers/netapp/staff/SoC_vl, TSMCO18rf/test_env/results/SOCCMOS_TSMC18/test_mux2?1/ confi...

Selection cheices
D At Gt 52 3 [tran [ ac | ac | sweprdc | iafo | noise | a7 |
off 0 family ) wave O yri® jri) ‘
JriseTime(vVT('/Vout) 95u t 105u 10 90 nil "time™) [=]
[Append | | Ljx bl dBm 1
| ZaHUFIT hd ﬁ = 1oy handwicdth delay
| Clear || Undo || Eval | En clip deriv
ahs compressioh dft
| 1/x || EEX || Clst || Emer| acos compressionvEl dfthb
| " ” 7 ” s “ 5 | arosh convolve evmQpsk
asin cos =¥ 4a]
_ asinh cosh eveDiagram
| ” 4 ” 2 H 6 | atan cross flip
[ x |2 || 2 | 3 | l|aamn dE10 fourEval
average dez0 freq
L o g -]
[ IC

Filter g

S [cadence

|
|
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Next copy the expression to Ocean script (enctheeexpression with
mouse, and then copy by pressing the middle battemouse).
Repeat the process for Trise.

After receiving the following window:
Y spectre Test Setup : SOCCMOS_ TSMC18/test mux2ljconfig/mux_ test

6| aw
—
—
—

Press Run button again.
Under Rub section in Results subsection you'llivecthe following

Measure results:
adl spectre Test Setup ; SOCCMOS_TSMC18/test mux21jconfig/mux_test
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Creating corner simulation in Vsde
After building a test and running it the next stagy® build a corner test.
First stage press g to enter the properties ofardtchange DC voltage
to vdd.

CDF Parameter Value Display
AC magnitude i off |
AC phase M
DC voltage \/? Coff |
Moise file name M
Mumber of noiseffreq pairs I M |
i : e

In the main window of vsde press Add and write $v@ile it a default
value of 1.8v.

hd VSdE - test_env

221 | [ (el ) o

Also notice that Project Parameters already esisttfon, $section_3v
We added before and $temperature which is addednatically once the
simulation is built. All this parameters are neegggor corners.
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In the main window under Sweeps/Corners click rightton of the
mouse and choose New Corners
' d VSdE - test_eny

I
o= EEEEEEE

Eggl

[ STEEEMERE F

T_v New Corners Name

|
romersstatel T cancer |

I ST RE T L SR ’—

In the window notice that in Corners over teststdst | built before is
marked. The point is that you can built one Cortensplate and choose
on which test to run it!
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Now pressAdd Param twice and add $section and $section_3v.
Id Corners : corners_state ==

In $section we define module types (parameters) 8w transistors.
In $section_3v we define module types (paramefers).3v transistors.
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Press two timeAdd Sweep .And fill value section as following:

I’d Corners : corners_state

You can see that I've chosen one typical tempaxd@r27 and 70
Celsius) and two extreme. For voltage supply wallgtake
approximately 90 %( 1.65v) 100 %( 1.8v) and 1101986v). You can
that we suppose to receive 5*3*3 =45 different lssafter running
corners. Finally you can press Run. The followingdew will be open:

B.d Corners : corn

_ S owwsor|

If you forgot something by pressing Stop you'llpstbe process.
Down on the left side of the screen you can sesttites of the
simulation.
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Move to Results section and press view.

% Corners : corners_state =]

The results of all 45 states will appear

[ Results for corners: corners_slate, testmux._test

2] s ]| a5 | 6|7 |88 ]o]n]ie]|]|w]ws|e]az]s]s]oz] o]

=

Down the screen there are different options. BggirggjWaveform you
can create different kinds of waves as a functiorotiage supple or
temperature. By pressiri@galculator you'll open it. PressinDirect Plot
will allow you to check the signal of any node etkaas in Analog
environment. By pressinigor mat you can choose the type of display of
numbers.
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However the main purpose is to save the resuligeswill be able to
process them later. Therefore first of all presthwhe right button of the

mouse on section (under Parameters) and pres€8larnns
1 L Results for corners: corners_state, test.

It will allow us to arrange data by types of comtrss/sf/fs/ff
Next press file->Save as and save it

tv VSdE - test_env

hd Results for corners: corners_state, test:mux,_test

While saving the file under CSV format you'll bdeato open it with

Excel later.
E
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Also by pressing Statistics
ﬂ Results Statistics for corners_state test:mux._ test

e

e :
=

(Resuts [ 1 [ 2 | 3 | a4 [ 5 [ &

ST

—

_Fomat, || coss | ven |

You can get some more information about your result

Also by pressing File ->save as you'll be ableateesall the statistic data
in Excel file.

One comment: Since Cadence is working under LinoEnvironment
you might need to use FTP application to move iledd Windows
environment.




