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.y 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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* Two simulators run in parallel

* Digital Simulator for digital part (we
use NCSIM)

« Analogue simulator for analogue part (we use Spectre)
* Interface Elements translate between both domains

L2E >

Digital Analog
Domain Domain
< E2L
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What do we Need?

Cell for Simulation

/

schematic

!

o~

components symbol

analogLib
built in model

/

verilog

schematic

S
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* 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

Digital SVerilog-AMS Analog
Domain > Domain
- NCSIM : - Spectre

A 4
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* |n order to make sure that you have the latest configuration
files, copy the configurations file

.cdsinit
from

/shares/designs/UMC/0OA/018 1P6M/workdir template
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1. Creating a New Verilog Module

= [n 'Library Manager:
* File - New — Cell View

r“ W & Library Manager: WorkArea: /home/erdinger/IBM013.0A % & )|

| [ .

Loies eeleben o adence.  © 'Cell  name of verilog module
__ Show Categories __ Show Files x @ @& New File Q@ Y ) |V- V. ] -| [ N C .t |
o v | * View'": ‘'verilog' (Non-Capital!)
playground Library playground B . . .
DE_DUMMY_WAFER_V4_ ABFCELLE_D Cell VerilogExample E ® Type : Ve rl Iog
DB_SENSOR ABFCELLE_D
DSSC_CNTRL 1 ABFCELLO_D View verilog
DSSC_ENTRL1_DIG BinGen_4SIM

s o il T L VR
DSsSC_F1 CrossSection Application
DSSC_F 1_ADAPTER CurrentSource o o Read HIL f . .
L | Lol o T - = The Cadence text editor opens with
DSSC_F 1_SENSOR Family _ Always use this application for this tupe
DSSC_FBK_DA_Y1 FamilylLogo ] [ ] .
DSSC_FBK DOV FINLELS | Library path file a 'naked' Veri |Og module (no Syntax
D b i /home /erdinger/TBMO13 ,0A/cds . Lib . . .
DSSC_L 1_subni tted Fill_MA_3
e o [nghhghnng)

e bl | i i >
m Cancel )| Help . .
m = An editor of your choice can be
Log file is "/home/erdinger/IBMA13.04/1ibManager.log” . b - . .
B specified, for instance gvim:
A1

4 * Inshell:
export EDITOR=gvim

* or in .cdsinit (or CIW):
editor="gvim"
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= Fill the Verilog module with some code.
* The code need not be synthesizable
n For Instance % @& & vedlogy + .verlog) - GVIM (v (A 63

File Edt Tools Syntax Buffers Window Help

initial out = 1'b0; -
always #10 out <= ~out;
= When you close the text file,
it is automatically parsed. o
. ) initial CLK = 0O;
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 CDFPara- meter -> Verilog,
not 'Use Tool Filter')

L
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= In 'Library Manager'
* File — New — Cell View
e Create a schematic

\naloeg Domain

2. Creating A Top Level Simulation Module

r 1
X & Library Manager: WorkArea: fhome/erdinger/[BM013.0A % & &
File Edit View Design Manager Help cadanca
XoWw Newfle 2y o
__ Show Categories __ Show Files File
Library cell Library playground
plagground ST HixedHodeExanple Cell SIM_MixedModeExanple
MM7_submission_to_Florian Fill_M1 View
Pads Fill MA_3
SUSLIE_BONDING 1C6 Type schenatic '
SuSDAC LATCH_SYNC
Tenp_ADC_F 1 LFSR_3 fApplication
us_8ths LFSR_8_FIB
analogLib LFSR_8_GAL Open with %'
Tech LvS multiplicits
EZ;E Nuag,;u RS _— Always use this application for this type
cdsDefTechLib Pietdesper X ;
cmosBrf SIM_Cnt 9 LfsrTog Library path file
5k S DITRRResst /hone/erdinger/IBMO13,0A/cds , Lib
esdSrf [ || [sznLaren_sime
playground =| | |sIM_LFSR_3
sanple SIN_LYDS_I0Board
sbalib SIM_MixedModeExample
short_io = § T m Cancel /| Help
Messages

11}

Deleting view "synbol" Trom cell "werilogexample® in library 'playground .

Deleted cellview 'playground/VerilogExanple/synbol ' .Deletion of 1 view done.

Deleting view "VerilogExample" from cell "SIM MixedModeExample” in library "playground”.
Deleted cellview 'playground/SIM MixediodeExanple/VerilogExample' .Deletion of 1 view dore.

fili

= Put an instance of your Verilog module

» Add some analog circuit (symbols, primitives, sources,

= ‘Digital’ and analog circuits can directly be connected

VLSI Design - Mixed Mode Simulation

N

© F. Erdinger, ZITI, Uni Heidelberg

Page 10



RUPRECHT-KARLS-

UNIVERSITAT
FIEICELERRS 3. Creating the Simulation Configuration View
(X ZN TN
Fl | » The AMS simulator needs a 'config'
Library \CCSz013 I . . .
cel tixedsin view (specifics on next slide) for the
View n Simulation schematic
Type config .
Appication = [n 'Library Manager:
Open with Hierarchy Editar ' . . .
— Always use this application for this type of file ¢ SeleCt your S|mU|at|On SChematIC

New Configuration

)

e e  File — New — Cell View

) « 'Type": config

I (name changes to 'config')

View: | schematic n

y”*vmpvw mwewen ¥ w Note that ‘Application’ switches
automatically to 'Hierarchy Editor’

il 1HEE From File: /homeffischer/hierEditortemplates/ans

Constraini

—— T * In the next window: change 'View' to

'schematic' and click 'Use Template'

| » Select 'AMS' (we will use the AMS

simulator)
» OK - OK

m Cancel Use Template Help
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* The config view is edited in the 'Hierarchy Editor' and
configures the netlisting procedure for simulation.

= Cells can have multiple representations, for instance a
'verilog' view and a 'schematic’ view at the same time.

* The config view specifies the view to use for netlisting for each
cell (or even instance)

'&5 (@R Virtuoso® Hierarc hy Editor: (playground SIM_MixedModeExample config) (ORD) X
File Edit View Plugins Help cadence
IS RS 5.c.00 B o J
| Top Cell 2/& x| | Global Bindings 2.8 x|
Library: playground Library List: nylib \Gnsiss/
Cell: SIM_MixedModeExanple View Lists eriloga vhdl vhdlams wreal m—
Yick: schenatic Stop List: spectre sos INVERT—A has bOth a
1 H J ‘ B =Y
Open _Edit Constraint, List: verilog’ and ‘schematic
view, the view to use
Table View Tree View i
Cell Bindings ' can be specified here
| Library ] Cell I VYiew Found | Yiew To Use. | Inhe- L easT
analogl ib vdc spectre gfccire spice verilo,.,.
cnrf8sf nfet spectre spectre spice verilo
cmrf8sf pfet spectre L
playground SIM_MixedModeExample schemat ic L
playground VerilogExanple verilog L
I Namespace: CDBA Filters: OFF y
1360 | > [}
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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 — Library Path...

* In the table add a row with
Library = connectLib

Path =
lopt/eda/INCISIVE142/tools.Inx86/affirma_ams/etc/connect_lib/co

nnectLib
* (this must only be done once, library definition is saved in .cdslib)

* The IEs 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

—— " Open the top level simulation schematic
2 G Ee = From the menu: Launch — ADE
= Setup — Design

= Change 'View Name' to 'config' (which we
have created before)

" .
= Setup — Simulator/Directory/
=aa
5 Results in /twp/ADE-Sin-erdinge| PLot after simlsfuto [ Plottine nokeptace  [3 B | .
TR = Change 'Simulator' to 'ams'
4{8) | Simulator/ |Status: Ready | T=27 C ‘ Sinulator: ams{Spectre)Mode: batch |State: tmpstate l
" " "
= Add a transient simulation
&y Virtuoso® Analog Design Environment (1) - playaround SIM_MixedModeExample confia (o) (&) ol

Launch Session Setup fAnalyses Varisbles Outputs Sinulation Results Tools Helr cadence . AMS Saves nothing by defaUIt, to Save
I @l i< & 3= B @D everything:

 go to 'Outputs — Save All’

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

* In the category CURRENTS, select ‘all’ if you
e also want to save all currents

s R:
4¢3} | stop Status: Ready | T=27  C | Sinulator: ams(Spectre)Mode: batch | State: tmpstate

g 62 8= 7

~
]
X

€
G
(®
&

]
[~ © © x 31 Bl

@B  concel ) Defaults )| Apply ) Help |

St | [ navyses 8%
= A . & Choosing Design - Virtuoso® Analog Desi... (2) v &) )
Library Name playground B

Cell Name SIM_GCC

SIM_LATCH_SYNC

SIM_LFSR_3

SIM_LVDS_IOBoard e

- ©© x ¥ Eli%||

> Results in /7tm

limouse L3 M
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Specifying the Interface Elements

= |n the ADE window: select

g — "% % 'Setup — Connect Rules ...’
s ST = The standard connect rules use 1.8V
B , supply and work fine for UMCO018 so
o | e —— ] T nothing has to be rea”y done here...
i —— |
e s e s e wame | m There are several 'built-in' interface
— elements (fast, medium, slow, 1.2V, 3V,
S —— ...), Which can be customized
Choose = Parameters are: vsup, trise, tfall, rlo, ...;
from the

builtin - logic levels, driving strength, ...
iz e = Own module can also be specified

User- :
defined = These modules are automatically
rules can inserted in every digital to analog
be used

connection in the entire design
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(This is for information only..)

-
&
O
(x

List of Connect Rules Used in Simulation

Tupe Rule Name Details . g
Modified bui...ConnRues_iBV_Full_Fastl Libiconnectlib Viewiconnect TO CUStomlze Or VleW
the rules click here
£ ]
Encghle Disable Delete Rename, , . Copy. .. Up e ustomize, ,
Built-in and Customized rules X @ ams0: Customize Built-in Rules

2) (v (o X
RIBN R %)
Rules Name (connectlib,ConnRules]

1T T AT g T P TR T SR Yterb T R L (D S LW This is the description for ConnRules_18YV_full fast]

All interface elements are listed here

The important ones for us are:
user e rites o o | e e raoma ] L2E - Logical to Electrical
Library E2L_2

vsup="Vsup vthi="¥thi vtlo="\tds . .
——————————— Bidir_2 vsup="Vsup vthi="Vthi vtlo="Vtlo vlo="Vlow tr E2L 9 Electrlcal to Loglcal
Cell E2R vdelta="Vdelta vtol="Vdelta_tol ttol=" Tr‘_de]

—_— R2E_2 vsup="Vsup vdelta="Vdelta tr="Tr_delta tf="Tr
View PER lichin 3 2
1€

Connect. Module Declarations

L0

ey eomnect module,.) Wiew defines...
=

Mode

—

Paraneters

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

Parameter Value Chanze

ry

m Cancel Apply | Disciplines,..
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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:
in the ADE menu: Tools — Results Browser ...

= Select Outputs — to be plotted — all,...

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



RUPRECHT-KARLS-
UNIVERSITAT
HEIDELBERG

Browse the
design here

E2L
- Electrical
to logical
interface
element

Plot
waveforms
from here

The Results Browser

LR

Virtuoso (R) Visualization & Analysis XL OO x

Eile Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help cadence

&% b} E x Layout| Auto

00 aqq®

nsubwmuuws sient Hnalyslsn Workspace: | Classic n £ &

Data Point I T - B

| Browser

G| Kl windows B

A =
(CETTITI - [| =57 N R E NS T ey ||
A % {8 pame | e I
=-Sim-erdinger/SIM_Mixed ampl config/ps @ & 0ckG (
(5@ -erdinger/SIM_| ple/ams/configipst |
& tran
[28 % SIM_MixedModeExample |
B
2B ec
= N
]
=
=
=
B3
=
B8 res__E2L_2_ logic
(23 res_L2E_2_logic
&- [ cds E
23 tranc ]
G- [ mo
B
- [0 output |7}
Signals Search
(22 IClockGen @ clk_by_4
(23 I_ClockDiv2Check @ nets
(23 I_ClockDiv4Check & netot1
res
@ vdd

[V clk
' clk_by2

Q ~- nsneu ﬂ
imouse L:
5(23) | RMB zoom reset to xy made

time (ns)
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EXERCISE: MIXED MODE SIMULATION
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» Step 1: Create a ‘ClockGenerator’ cell
« Generate a Verilog view

* If you want, parameterize the clock frequency
(Parameters can be overwritten in the properties of the schematic
instance, change the ‘CDF Parameter view’ combo box to
‘verilog’)

* Follow all steps until you have the symbol
= Step 2: Create a new schematic (for simulation)

* Instantiate the ClockGenerator

« Use your flip-flop from exercise 4 to divide the clock signal by 2
= 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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» Step 4: Make a ‘ClockChecker’ cell
* Make a Verilog module which has a clock and a divided clock
input
» Use Verilog code to verify that the clock is divided correctly
 Try to use a parameter for the division check

« Use a second flip flop to divide by 4, use the parameter to adjust
the division check

* 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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