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Tools to cover
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* Creating piecewise linear (PWL) files
 OCEAN scripts
* Verilog-A




Why use PWL files?

» Creating arbitrary waveforms in Cadence
is tedious & changes are difficult

Piecewise linear source

Combining
sources

| OK | Cancel| Apply | Defaults| Previous| Next Help

it Add Check Sheet Options Mig COF parameter value ispiay
Number of pairs of points |13 off
AC magnitude off
AC phase off
Time 1 04 off
Voitage 1 334 off
Time 2 199w & off
Voltage 2 334 off
Time 3 en off
Voltage 3 55 Y off
Time 4 £8.99m 5 off
Voltage 4 55¢ off
Time 5 6om off
Voltage 5 334 off
Time 6 84.00n & off
Voitage 6 33y off
Time 7 85m 4 off
Voltage 7 5.5 Y off
Time & 94.9%n off
Voltage 8 55 ¢ off
Time 9 95m 5 off
Voltage 9 334 off
Time 10 99.9%m § off
Voltage 10 33 ¢ off
Time 11 100 ¢ off
voltage 11 55¢ off
Time 12 19499 & off
Voltage 12 5.5 ¢ off
Time 13 195n § off
Voltage 13 334 off
eSelectPt(} DC voltage 0% off
P H e
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PWLF Source

PWLF sources

read from a

piecewise linear

file

— ‘vpwlif’ in
‘analogLib’
library

The only

necessary

parameter is the

file path/name
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= "EdiT OBject Properties(on ginkgo)! \[ESlENESl e st schematic (on ginkgo)
OK | Cancel | Apply | Defaults Previous Hext Help
Apply T only current instance
Show system H M CDF
Browse Reset Instance Labels Display
Property Value Display
Ubrary Name [ 3naloglitf off
Cell Hame vpvlf off
View Name symbol; off
stanctame . 12 e ‘medio/raid/brandon/cadence/FPAACs . p"
Add Delete Modify
User Property Master Value Local Value Display
Ivslgnore TRUE off : :
nedia/raid/branden/cadence/FH
CDF Parameter Value Display
AC magnitude off
AC phase off
DC vol off e
veltage /media/raid/brandon/carc
PWL file hame randon/cadence /FPARCS. [ off
Frequency name for 1/period off

Note: I've had trouble with the PWLF sources in
the ‘NCSU_Analog_Parts’ library. They seem to
have trouble finding the PWL file at times. So |
recommend using the sources in ‘analogLib’
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When PW.L files are useful
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» Testing a circuit with a realistic input acquired
from elsewhere

— Such as a speech recording

» Testing chip-level configuration logic

— Such as a serial interface that controls
parameters/connections within the chip

— You can reuse these files to simplify post-fab testing
« Performing a sequence of operations in one
transient simulation

— Particularly when the result of one operation affects
the next operation
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PWL files

« PWL files are text files
with rows of time/value

palrs Time Value
—_— ‘ , 0.00000000e+00 1.500000006+00
— ‘Time’ and ‘Value’ are 1.17200000e-03 1.50000000e+00
1.17300000e-03 1.50000000e+00
separated by a space 1.27200000e-03 1.50000000e+00
. 1.27300000e-03 1.50000000e+00
— Each pairis on a 3.359000006-03 1.50000000e+00

3.36900000e-03 5.10000000e+00

Separate Ilne 4.36900000e-03 5.10000000e+00

* Such files can easily be | {5 oosorer
generated with
— Matlab/Octave

— Excel (save as txt file)
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Generating PWL files
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Create matrix with ‘time’ in the first column and ‘value’ in the
second column

Save using save -ascii <filename>
The file extension is arbitrary

<matrix>

o To get starked, select MATLAE Help or Demos From the Help menu,
»» L=linspace(0,1,10); x=sin(2%pi®t);
Fx oa=[t' =x']:
FrF oa
a. =
0.0000000e+4+000 0O.0000000e+000
0 0 1.1111111e-001 6.4278761le-001
o.1111 0. 6428 2.22228222e-001 9.83430775e-001
O.2232 0.9845 3.3333333e-001 S.6602540e-001
4.444444942-001 3.4202014e-001
03333 B8l 5.5555556e-001 -3.4202014e-001
B.adas Bi3all 6.66666672-001 —8.6602540e-001
b0.35556  -0.3420 7.7777778e-001 -9.5450775e-001
0.6667 -0.5660 5.8888588%e-001 -6.4278761le-001
0.777a -0.9548 1.0000000e4+000 -2.4492936e-016
0.8559 -0.6425
1.0000 -0.0000
»> sawve —ascii pwlTest.p ag | For Help, press Fl
e




Notes about PWLF

« Cadence seems to read the PW.L file at
the instance that the schematic is saved
— So if you generate a new PWL file, then you

need to resave your schematic before starting
a new simulation
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Tips for generating PWL flles

N P .

° Keep iIn mind that PWL To create a step, you need to

will be interpreted by zfeepmfy the point before the

connecting the dots / [
« To simplify the creation
of a bitstream

— Define the hold (T) and
rise/fall times (tr), then

— Write a function that turns
a string of bits into the T tr T tr
desired waveform
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Tools to cover
|

» Creating piecewise linear (PWL) files
 OCEAN scripts
* Verilog-A



OCEAN scripts
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« OCEAN is a simulator scripting language
included in Cadence

« Can be thought of as
— Parametric sweeps on steroids, or
— A cross between Matlab and a simulator

 OCEAN

— Exposes all simulator, graph, and calculator functions

— Includes standard programming language
functionality
 File /0
 for/while loops
* if/else branching
» User-defined functions (called ‘procedures’)

— Lisp syntax

- — WestMiginial niversity, — et sl m
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An OCEAN of possibility

| e

* Circuit comparison

— Create one OCEAN testbench and then automatically
swap in/out different netlists

 Algorithmic circuit tuning

— Rather than using parametric sweeps, create an
OCEAN script that automatically tunes the circuit

e Parameter extraction

— Have OCEAN extract the important circuit
performance parameters and save them in a file




Creating an OCEAN script

Lo T L L L e

* The easiest way to get started is to set up an
initial simulation in the Virtuoso environment,
then ‘Session-Save Script’

= Virtuoso® Analog Design Environment (3) (on ginkgo) _|:|_x_
Status: Ready T=27 C Simulator: spectre 36
Session Setup Analyses Varables Outputs Simulation Results Tools Help
Design Analyses v-%
# B b Enabl
Library wveriloghtest Type it i ey
cell T 1 de -1 1 100 Line. . yes A
2  ac 1 100M 10 Loga. . yes ] .'r
View  schematic I e
Design Variables Outputs [Ej
#  Hame Value #  Name/Signal /Expr Value  Plot Sawe March
1 R 100K 1 output Wave yes
2

02 500p
3 ol 10p E

Plotting mode: Replace [
= Results in ...raid/brandonfcadence/simulationfoceanExfspectre/schematic
- SAVe Dcean Scrpt o Hie (on ginkgo) ==
0K Cancel | Defaults | Apply Help

File Hame /media/raid/brandonsoceanTest ocn
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Sample OCEAN script

IR ooty By i

ocrwWaveformTool( 'wavescan )
simulator( 'spectre )
design( "/media/raid/brandon/cadence/simulation/oceanEx/spectre/schematic/netlist/netlist")
resultsDir( "/media/raid/brandon/cadence/simulation/oceanEx/spectre/schematic" )
analysis('ac ?start "1" ?7stop "100M" ?dec "10" ) Ana|ysis
analysis('dc ?dev "/vo" ‘?param "dc" 7start "-1"
?stop "1" 7lin "100" )
desvar( "R" look )
desvar( 'c2" soop ) Design variables
desVar( "C1t 1lop )
temp( 27 ) .
() Simulate and results
Output = dB2O(VF(" fout"]))
plot{ Output 7expr '( "Output" ) )

Edit the script with a regular text editor

* You can run the script using a different
circuit by changing the path in design ( )
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Running an OCEAN script

P N G VY YR S VR R W T
You can start ocean by typing ocean at the
command line

Then by typing 1oad (“<script>.ocn”)

To avoid retyping full commands, use
— I<first letters of command><Enter>
— e.g. ! 1<Enter> will rerun the last script

File Edit Frame Graph Axis Trace Marker Zoom Tools Help File Edit View Terminal Tabs Help
P ct o= g m ] dc: dc = -240 mvV (38 %), step = 20 mV (1 %)
ki EHEE 5 7S H W0 X e dc: dc = -140 mv (43 %), step = 20 mV (1 %)
il dc: dc = -40 mV (48 %), step = 20 mV (1 %)
dc: dc = 60 mV (53 %), step = 20 mv (1 %)
B Output dc: dc = 160 mv (58 %), step = 20 mV (1%)
= dc: dc = 260 mV (63 %), step = 20 mV (1 %)
: dc: dc = 360 mv (68 %), step = 20 mV (1 %)
a dc: dc = 460 mV (73 %), step = 20 mV (1 %)
dc: dc = 560 mv (78 %), step = 20 mV (1 %)
i dc: dc = 660 mV (83 %), step = 20 mV (1 %)
: dc: dc = 760 mV (88 %), step = 20 mV (1 %)
S dc: dc = 86O mV (93 %), step = 20 mV (1%)
o dc: dc = 960 mV (98 %), step = 20 mV (1 %)
%_15 Total time required for dc analysis "dc' was @ s.
o
- modelParameter: writing model parameter values to rawfile.
-20 i : :
element: writing instance parameter values to rawfile.
o outputParameter: writing output parameter values to rawfile.
designParamVals: writing netlist parameters to rawfile.
_— primitives: writing primitives to rawfile.
subckts: writing subcircuits to rawfile.
e simuLation comp}eted successfully.
— = 109 10l 102 103 10% 105 105 107 103 reading simulation data...
e ..successful.
15 [ zo8laHz| -103:dB ke t
@ > ocean> [




value that gives -20dB at high frequency
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Modifying an OCEAN script

DS G PO SN S SO V Vo
Use simulation result to calculate capacitor

ocnwWaveformTool( 'wavescan )
simulator( 'spectre )

design{ "/media/raid/brandon/cadence/simulation/oceanEx/spectre/schematic/netlist/netlist")
resultsDir( "/media/raid/brandon/cadence/simulation/oceanEx/spectre/schematic" )
analysis('ac ?start "1" “?stop "100M" ‘?dec "10" )

Rvar=100e3;

covar—sooe. 12; D€fiNEe design variables as variables so we can work with them

Clvar=1l0e-12;

desVar| "R" Rwvar )
desVar(  "C2" C2var )
desVar(  "Cl" Clvar )

temp( 27 ) Run first with arbitrary starting values

runi)

Output = dB2O(VF("/out"])
plot( Output 7expr '( "Output" ) )

targetGain=- 20;

actualGain=value(dbzo(vF(" fout")) 1M);

ratio=10**( (targetGain-actualGain)/20); Calculate capacitor scaling to achieve target gain of -20dB

Clvar=Clvar*ratio;

(note that exponentials are done with **, not *)

desvar("C1" Clvar) Change the capacitor value based on the results

runt )
Output = dB2O(VF("/out"])
plot( Output ?expr '( "Output" ) )

Resimulate

Calculate high-frequency gain using standard calculator functions



Results of previous slide
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B Cutput<0>= ElCuiput<l:>
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35
109 10l 10¢ 103 10 10° 10 107 10%

211.81kHz | -20.72dE freg (Hz)
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Tools to cover
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» Creating piecewise linear (PWL) files
 OCEAN scripts
* Verilog-A



Verilog-A

* A modeling language for analog simulation

» Uses for Verilog-A

— Replace transistor-level circuits
» Simulate top-level before all circuits are finished
« Evaluate top-level impact of circuit nonidealities
« Speed up simulation

— Modeling non-standard circuit elements
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Creating a Verilog-A CeII

Create a cell
as normal,
but choose
‘VerilogA-
Editor’ for the
tool

oK Cancel | Defaulls Help

Lib Hame verilogAtest

cell Hame werilogTest

View Name verilogs

Tool VerilogA-Editor

Uhrarypathfle
/media/raid/brandon/cadence fods. Lil

This creates
and opens a
Verilog
template

WestVirginiaUniversity

File Edit Search Preferences Shell Macro Windows

ipf Verilogh for weriloglitest, wverilegTest, wveriloga

“include "disc

endmodule

window

“include "constants.wvams"
iplines.vams"

module werilogTest;

Note: You can change the default text editor by
typing editor="<editor name>" in the icfb

The default is vi. You may want to change to
nedit for a more conventional text editor.




Insert your Verilog-A code
T

_] veriloga.va (moditied) = /media/raid/brandon/cadence/verilogAtest/verilo QEEE

File Edit Zearch Preferences Shell Macro Windows ﬂelp|

// Werilogh for werilogBtest, werilogTest, weriloga

“include "constants.vams"
“include "diseiplines.wams'"

module werilogTest(V1l, Vr); Input/outputterminals
inout V1, Vr;
electrical V1, Vr:

parameter real R=1le3; Parameters can be defined

analog
FfE g R AR Sty et

L(Vl,Vr}) <+ R*abs(V(V1,Vr)); Define component operation
ITiVl,Vr) =+ O;

else

endmodul e

El

.
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Symbol Creation & Compilation
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When you close the
editor window, you will be
asked if you want to
create a symbol for you
Verilog-A code
— Select ‘yes’ so that it will
automatically generate
your pins
The code is automatically
compiled when you
compile
— If there is a syntax error

you will receive a
notification

Next is the symbol
generation dialog box
shown to the write

Create symbol as usual

T

OK | Cancel | Apply Help

Library Hame Cell Hame Viewr Name

veriloghtest verilogTest symhol]

Fin Specifications Attrbutes
Left Fins List
Right Pins . List
Top Pins | ¥r V1] List
Bottom Pins | List

Exclude Inherited Connection Fins:

4 Mone . - All . - Only these:

Load/Save Edit Attributes Edit Labels Edit Properties

B e e e e |
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Insert symbol for Verilog part & run sim
T Y SRR ST GETORR SRR 'S SRS o VSN S VSR T

Vit ‘matic Editing; VerlogAtestveril

Cmd: Sel: 0 Status: Ready

Tools Design Window Edit Add Check Sheet Options Migrate NCSU

A&

T
N

=Y
R
7

i Euu
el ).

b
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/[0 & A

mouse Lo schsingleselectPr() M: schHiMoussBopUp () R: sevNetlistAndRun (' sevSessionl)

>

i

o WestVirginialniversity, — ieteejafime—te i - e *
23



