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UNIVERSITAT : e
HEIDELBERG Why Simulate in Mixed Mode?

» Most analog circuits need interaction with digital circuits
* control logic
 processing / verification of results

» Simple digital functionality can be obtained by Spice sources
(vpulse, vpwil,...), but this is tedious, inflexible,...

= More flexibility by using Verilog-A. Good for simple
extensions (DAC..), but not suited for large digital parts

— Mixed Mode Simulation:

= Describe the digital parts by a hardware description
language (HDL).

* Analog part: schematics & analog simulator

= Digital part: HDL & digital simulator
« HDL (Verilog, VHDL, ...) much more flexible
« Simulation much faster (but some simulator setup overhead..)
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Mixed Mode Simu

lation

= Two simulators run in parallel

* Digital Simulator for

digital part

* Analogue simulator for analogue part (we use Spectre)
= |nterface Elements translate between both domains

L2E

Digital
Domain

E2L

Analog
Domain
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What do we Need?

Cell for Simulation

o~

components symbol

HEIDELBERG
schematic
analogLib
built in model

/

verilog
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A Simple Example

» The following slides show how to set up a simple mixed
mode simulation in the Virtuoso ADE environment with the

following steps:
1. Creating a Verilog module with a matching symbol

2. Creating a top level simulation schematic instantiating the
Verilog symbol and some analog circuit connected to it

3. Creating a 'config' view of the top level simulation schematic,
which describes the hierarchy

4. Specifying 'Interface elements' which connect the digital and
analog domains.

Interface Elements

>Verilog-AMS Analog
Domain

- Spectre

Digital

A 4

\ 4

VLSI Design - Mixed Mode Simulation © F. Erdinger, ZITI, Uni Heidelberg Page 6




RUPRECHT-KARLS-

UNIVERSITAT
HEIDELBERG

Before You Start

= Check that your start script ‘start.sh’ includes version 181
of spectre with . /opt/eda/environment/spectrel8l path.bash

* The ‘later’ versions are not working properly with UMC180..

= Search in .edsinit the aline editor=~..7 and insert the
text editor of your choice.

" In eds.1lib, add the line
DEFINE connectLib
/opt/eda/XCELIUM2009/tools.1lnx86/affirma ams/etc/connect
lib/connectLib
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RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERG : 1 Creatlng a NeW Ver”Og MOdUIe

= In 'Library Manager:
* File — New — Cell View

rx (ORD Library Manager: WorkArea: fhome/erdinger/IBM013.OA ¥ & (&9]
i .
T adence.  « 'Cell  name of verilog module
| ) A |
__ Show Categories __ Show Files ( x - @/ New Fle 23} > €9 ] |V' 1. [] 'I [] N C 't I
- el \ * View': ‘verilog' (Non-Capital!)
playground Library plagground B ' ' .
DA_DUMMY_MAFER_V4_ ABFCELLE_D Cell VerilogExample E ® Type : Ve rl |Og
DB_SENSOR ASFCELLE_D
DSSC_CNTRL 1 ASFCELLO_D View verilog
DSSC_CNTRL1_DIG BinGen_4SIM
o o il TN | P >
DSSC_F1 CrossSection fApplication
DSSC}:_{-‘«DQPTER C;rrentSource o s Read HIL g . .
_ 2 pen wi
ol R [ v —— - = The Cadence text editor opens with
DSSC_F 1_SENSOR Family _ Always use this application for this type
DSSC_FBK_DA_W1 FamilyLogo ] ] -
DSSC_FEK_DB_V2 FINLELS | Library path file a 'na ked Ve i |Og mod u | e
ggggi}_nbaPTER :Hjﬁj /home/erdinger/IBM013,0A/cds, lib
DSSC_L1_submitted Fill_MA_3
DSSC_MMZ ICG
sy | il Il >
= m Cancel )| Help . .
essages
S . ,, » The editor of your choice has been
Log file is "/home/erdinger/IBMA13.0A/1ibManager.log". )
& . . .
L ~ specified in .cdsinit.

4+ You can also use the shell:
export EDITOR=gvim

» or the CIW:
editor="gvim"
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HEIDELPERG 1. Editing the Verilog Module & Creating a Symbol

= Fill the Verilog module with some code.
* The code need not be synthesizable
- For Instance . a verlogy + ..verlog) - GVIM (v (A )

. . . File Edit Tools Syntax Buffers Window Help
initial out = 1'b0; -
always #10 out <= ~out;

* When you close the text file,
it is automatically parsed. o

) i initial CLK = 0;
Correct it until there are no always #DEL CLK <= ~CLK;
errors left.

rodule ClkGen (output reg CLK); =

parameter DEL=10;

endmodule

-=- INSERT -- 1,1 A1l

* When the Verilog file is closed, Virtuoso offers to create a
symbol if there is none (or modify it if it does not fit to the
declared interface). Create the symbol.

* (If the Verilog contains parameters, the symbol inherits them.

* In the instantiated symbol, select CDFParameter -> Verilog, not
'Use Tool Filter')

Lo
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R aIP"N 2. Creating A Top Level Simulation Module

r
r, QR Library Manager: WorkArea: /home/erdinger/IBM013.0A % & X
I . I
[ | n I ra ry a n a g e r File Edit View Design Manager Help radenre
b, GO New File  (2) (v (&) X -
u . __ Show Categories __ Show Files File
. File — New — Cell V |
I e eW e IeW Library cell Library Elauground
. playground SIM_MixedModeExanple Cell STM_MixedModeExanple
[ ] t h t MM7_submission_to_Florian Fill M1 Vi lschenat. ic
Create a schematic
SUSLIEB_BONDING IC6 Type schematic '
SuSDAC LATCH_SYNC
Temp_ADC_F 1 LFSR_3 fApplication
Us_8ths LFSR_8_FIB .
analogLib LFSR_8_GAL Open with Mﬂ
Tech LYS_multiplicit
E::z Nuag,;u e _ Always use this application for this type
cdsDefTechLib PietJesper < 5
cnosBrf SIM_Cnt_9_LfsrTog Library path file
cnrfBsf STH_DFFRE_Reset /home/erdinger/IBM013,0A/cds, Lib
connectlLib SIM_GCC
esddrf SIM_LATCH_SYNC
playground =| | |SIM_LFSR_3
sanple SIM_LYDS_TOBoard
sbalib SIM_MixedModeExample
short_io = r T m Cancel | Help
Messages
Deleting view sgm:ol trom cell "VerilogExample™ 1n Iibrary "playground™.
Deleted cellview 'playground/VerilogExample/synbol'.Deletion of 1 view done. -
Deleting view "VerilogExample" from cell "SIM MixedModeExample" in library "playground”. E
Deleted cellview 'playground/SIM_MixedModeExample/VerilogExample' .Deletion of 1 view done. v
Il

» Put an instance of your Verilog module
» Add some analog circuit (symbols, primitives, sources, ...)

= ‘Digital’ and analog circuits can directly be connected
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RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERG 3. Creating the Simulation Configuration View
Ko w nwFe 2w X
e — | . T_he AMS §imu|ator need_s a 'config’
cel ixedsin view (specifics on next slide) for the
View B simulation schematic
Type \conﬂg
appication = In 'Library Manager:
Open with Hierarchy Editor n . . .
— Always use this application for this type of file ¢ SeleCt your S|mU|at|On SChematIC

‘5,:? W & New Configuration

Top Cell

Library: CC52013

Cell: MixedSim

| O <f 4]

View: schematic

Global Biif “;;-“ @) 6 Use Template

Library Li Template

View List:

MName: AMS n

Stop List: | | Erom File: 7homerfischerhierEditortemplates/AMS

Constrain

Descripti Cancel ) _ A&pply ;) (Help

m Cancel ) | Use Template )  Help

e File - New — Cell View
 "Type": config
(name changes to 'config')

= Note that ‘Application’ switches
automatically to 'Hierarchy Editor

* In the next window: change 'View' to
'schematic’

= Click 'Use Template’ (bottom)
» Select '"AMS’ (this will be our simulator)
« OK

= OK
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RUPRECHT-KARLS-

3. Changing 'config' view with the Hierarchy Editor

= Cells can have multiple representations, for instance a

* The config view specifies the view to use for netlisting for each

UNIVERSITAT
HEIDELBERG
* The config view is edited in the 'Hierarchy Editor' and
configures the netlisting procedure for simulation.
'verilog' view and a 'schematic' view at the same time.
cell (or even instance)

\ Aa)
LR

Virtuoso® Hierarchy Editor: (playground SIM_MixedModeExample config)

S %)
File Edit View Plugins Help cadence
e B B2 e s .« 0B ko
| Top Cell 2)& x| | Global Bindings 2.8 x|
Library: playground Library List: myl ik aaie
Cell: SIM_MixedModeExample View Lists eriloga vhdl vhdlans wreal p—
View: schematic
Stop List: spectre acs
Open Edit Constraint List: \ s
Table VYiew Tree View l
. Cell Bindings
| Library | Cell | View Found | View To Use. | Inhe-: kST
analoglib vdc spectre OFccure spice verilo,,.
IVERT_s Spectre spice verilo...
cnrfBsf nfet spectre spectre spice verilo...
cnrf8sf pfet spectre spectre spice verilo,..
playground SIM_MixedModeExamnple schenat ic spectre spice vecils
playground VerilogExample verilog SpECLIE SPLCE Verllo,,,
Il Namespace: CDBA Filters: OFF
136513 | > [}

VLSI Design - Mixed Mode Simulation

A cell can have several
view, e.g. ‘verilog’ and
‘schematic’.

The view to use is
specified here

Right Click
To select
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P N 4. Adding the Interface Elements

» There are built-in Interface Elements (IE) supplied with the
simulator (which can also be customized if necessary)

* They are located in the ‘connectLib’

* To add the connectLib to your library path
* In the Library Manager: Edit — Add Library Path...

* In the table add a row with
Library = connectLib
Path =
lopt/eda/XCELIUM2009/tools.Inx86/affirma_ams/etc/connect_lib/

connectLib
* (or edit cds.lib)
* (this must only be done once, library definition is saved in .cdslib)

* The |Es to be used are selected in the ADE when setting up
the simulation (specifics see later)

» They are inserted automatically (do not have to be placed in
the schematic manually)
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Setting Up the Simulation and Outputs

[ORY)] Virtuoso® Analog Design Environment (1) - playground SIM_MixedModeExample config (v, &)

Launch Session Setup Analyses Varisbles Outputs Simulation Results Tools Help tidencf - Open the top |eve| Simu |ation SChematiC
Lelfr lakod: = From the menu: Launch — ADE
= Setup — Design

« Change 'View Name' to 'config' (which we
have created before)
» Setup — Simulator/Directory/...
« Change 'Simulator' to 'ams'

= Add a transient simulation
e s mesesssssnoo o % AMS saves nothing by default, to save

Launch Session Setup Analyses Variables Outputs Simulation Results Tools Help (iden(e

I elim okt dn J evenﬂmng:
* go to 'Outputs — Save All’

* in the category NETS, select 'all' to save all
node voltages

f 3 - In the category CURRENTS, select ‘all’ if you

P also want to save all currents
> Results in 7tmp/ADE-Sin-erdinge [ *oF = oo >XmT _/- r\“_'iu/ mocReplace BRJ

| imouse L3 M3

N
@
T

[~ © © x ¥ Bl it

K W @& Choosing Simulator/Directory/Host — Virtuoso® An 2
Sinulator ans '

Project Director: RN dal =R iii=tne e -i=n

(8
€
€
&

Host Mode & local o remote o distributed

x|

Host

Remote Directory

m Cancel Defaults Apply Help |

> Results in /tus/ADE-Sin-erdinge | Plot after simlafuto K@ Plotting noeplzce 3 B
’ >

limouse L3 M

448} | Simulator/ |5t,at,us: Ready | =27 C |Simulator: ans (Spectre)Mode: batch |5t,at,e: tmpstate !J

Design Vanssbl [ L nslyses 28]
A . & Choosing Design -- Virtuoso® Analog Desi... (2) v &) %)

Library Name playground

Cell Name SIM_GCC

[~ © © x ¥ El |

IStatus: Ready | T=27 C ISimulator: ans {Spectre)Mode: batch IState: tnpstate

VLSI Design - Mixed Mode Simulation
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= |n the ADE window: select

e e — s 'Setup — Connect Rules ...’
e = = The standard connect rules use 1.8V
P — N supply and work fine for UMCO018 so
\ Ersble || Dissble || Delste | Rename...) | Coru... | Up | Do | ustomize.. nothlng haS to be rea”y done here
. —— ( o
Description This is the description for ConnRiyes_18Y_full fast = wustonize. . n There are Several 'bu”t_ln' Interface
elements (fast, medium, slow, 1.2V, 3V,
o — ...), which can be customized
fChOOie = Parameters are: vsup, trise, tfall, rlo, ...;
rom the . .
builein. = 2 logic levels, driving strength, ...
rules here = Own module can also be specified
User- :
defined » These modules are gutomatlcally
rules can inserted in every digital to analog
be Lsed connection in the entire design
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RUPRECHT-KARLS-

UNIVERSITAT
HEIDELBERG (Viewing and Customizing the Interface Elements)
(This is for information only..)

(>
«
O
(53

List of Connect Rules Used in Simulation

Modified bui,..

ConnRu es_ BV_F ul_F astl Lib :connect.Li View sconnect

To customize or view
the rules click here

: I J

Enable Disable Delete Rename., .. Copy. .. L J 31[=]g] ustomize, .,
Built-in and Customized rules X @ ams0: Customize Built-in Rules ONOND) 0y
Rules Name |connectl ib.ConnRules

1IN T T S [ ER R o e 1 L e g T S gl This is the description for ConnRules_18V_full fast|

All interface elements are listed here
Connect Module Declarations The important OneS for us are:
oo el o rovioe o] | L2E — Logical to Electrical
Library E2L_2 vsup="VYsup vthi="Vthi vtlo="\4d

vsup="V¥sup vthi="V¥thi vtlo="Vtlo vlo="Vlow tr
Cell

EZR_ vdelta="Vdelta vtol="Vdelta_tol ttol=" Tr_de] E2L - EIeCtri Cal to Logical
R2E_2

veup="V¥sup vdelta="Vdelta tr="Tr_delta tf="Tr_*=
il PRV o ESEEERL YR P N S — — )+ ——

dew connect nodule,.) \View defines...

View

1Ml

Mode

—=

Parameters

T i Select one and click here if you
are interested in the code
(Verilog-AMS)

Parameter Value Change
M/

rY

I ) W

m Cancel ,\ Apply /\ Disciplines... Help

VLSI Design - Mixed Mode Simulation
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Running and Viewing the Simulation

* Run the simulation (‘play button’)

* |n the log file you can see that there are several steps:
« Compilation
« Elaboration
« Simulation

= Verilog $display task prints to the log file

= Open the results browser to look at the results:
iIn the ADE menu: Tools — Results Browser ...

= Select Outputs — to be plotted — all,...
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Browse the
design here

E2L
— Electrical
to logical
interface
element

Plot
waveforms
from here

The Results Browser

wofer A Virtuoso (R) Visualization & Analysis XL

File Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help

v o X

cadence

% Lf,] E X Layout: Auto nSubwmdnws sient Ana\y-‘isn ‘Workspace: Classic ‘ [:E'u @o

7‘ ) aQ QW - Data Point IE e Y [y A e

[ Browser 28N T v B - |
eepens R B2 48 51O o Transient Analysis ||
A X I{=|8]

E-Sim-erdinger/SIM_MixedModeExample/ams/config/psf [ (1

5. & . -erdinger/SIM_MixedModeExample/ams/config/psf o)

B tran
28 % SiM_MixedModeExample |

& IClockGen
& I_ClockDivZCheck
(&3 I_ClockDiv4Check
[ |_ToggleFF
B} (3 |_ToggleFF2
(£ clk__E2L_2__logic
(£ clk__L2E_2__logic
[ clk_by2__E2L_2__logic
B clk_| ._E 2__logic
W _2__logic

B res E_2__logic
[ cds_globals
£ tranOp
[E2 model
(&3 instance
(3 output )

Search

@ clk_by_4

& nets

& netot1
res

(23 |_ToggleFF2 & vdd

(3 clk_E2L_2_ logic

2__logic
c

|
Q ~" n Shell '

mouse L M
5(23) | RMB zoom reset to xy mode
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Waveform

Translated to
an analog by
an L2E
(Logical to
Electrical IE)

An analog
waveform
translated to
a digital is
temporarily
undefined
during
transistion
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UNIVERSITAT : :
il N Exercise: Clock Generation

= Step 1: Create a ‘ClockGenerator’ cell
« Generate a Verilog view

* Use a parameter
parameter del=10;
to set the clock frequency. (Parameters can be overwritten in the
properties of the schematic instance. You may have to change
the ‘CDF Parameter of view’ combo box to ‘verilog’)

* Follow all steps until you have the symbol

= Step 2: Create a new schematic (for simulation)
* Instantiate the ClockGenerator

« Add an inverter or at lease a RC element to do something with
the clock

= Step 3: Mixed mode simulation

 Follow all described steps to setup and run a mixed mode
simulation

* Browse through the results
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UNIVERSITAT : ..
S P* N Exercise: Clock Divider

= Step 4: Divide by 2:
» Create an edge triggered flipflop from two latches (or take if
from a SUSLIB..)

» Use it to divide the clock by 2.
» Step 5: Checking via Verilog: ‘ClockChecker’ cell

« Make a Verilog module which has a clock output and an input
for the divided clock

« Use Verilog code to verify that the clock is divided correctly

* NOTE: When re-running the simulation, the results in the
lower hierarchy might be missing despite for ‘save all'.
— Closing and re-opening the results browser should fix
this.
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