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HEIDELBERG Why Simulate in Mixed Mode?

* Most analog circuits need interaction with digital circuits
 control logic to steer the analogue part
 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:
= Digital parts:
« Hardware Description Language (Verilog, VHDL) — very flexible
* Digital simulator
= Analog parts:
« Schematics
* Analog simulator
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Mixed Mode Simulation

= Two simulators run in parallel

* Digital Sim. for digital part, Analogue sim. for analogue part
* Interface Elements translate between domains (what is ‘True’?)

* Time must be (internally) synchronized between the sim.

Digital
Domain

L2E

<

= Advantages:

« Complex steering / logic easy to implement

E2L

Analog
Domain

* Much faster simulation in large designs (once it runs...)

= Drawbacks:

* More complex.
* Long simulator startup.

VLSI Design - Mixed Mode Simulation
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Note

* There are many ways to do a Mixed Mode Simulation.

» | show here just one solution, which is easy to use for a
start, but not so well suited for larger designs

» For large designs, it is efficient to
» first produce all ‘netlists’

« work ‘on the shell’ to put things together and set up and run the
simulation

 Extract results with a graphical viewer of automatically

= Jargon: ‘Digital on Top’ vs. ‘Analog on Top’

These slides
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analogLib

What do we Need?

(Top) cell for simulation

/

view: schematic

l

built in

N

components

l

model

A

symbol

/

verilog
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A SIMPLE EXAMPLE
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Workflow

* The following slides show how to set up a simple Mixed
Mode Simulation in the Virtuoso ADE environment. Steps:

1. Creating a Verilog module for stimulus 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
4. Edit the config view telling the simulation what to do
5. Simulate using the AMS simulator

Interface Elements

Simulate Simulate
Digital p Analog
Domain : Domain

Note: The interface elements are created more or less
automatically...
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Before You Start (needed only once)

= \We need to make the ‘connectlib’ available.
» Check your eds.1ib or see in the library manager

= Make sure you have the line
SOFTINCLUDE $IUSDIR/tools/inca/files/cds.lib

= |f this does not work, add it explicitely by adding
SOFTINCLUDE /net/eda/INCISIV102/tools.lnx86/affirma ams/
etc/connect lib/cds.lib
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1a. Creating a New Verilog Module

- S ** = We will use this module to generate a

P i — rectangular signal to stimulate our analogue
- circuit.

Type Verilog [~ |

Applcation
e —' e * In 'Library Manager:

Lty poth fle File — New — Cell View

'Cell':  name of verilog module
"Type". Verilog

'View’:  will change to ‘functional’

/home/fischer/cadence/umc_018/0A/cds.1lib

m Cancel Help

[€] Text Editor (Verilog) Ve ~ _ O x

Launch File Edit View Create 5 cadence

b @dis &8 5 ¢ . .
Lo o B | & oo . Thg Cadence text editor opens with an empty
AR TR T Verilog module

3 module VLSI2425_Stimulus ( );
4
5 endmodule

6

r
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1b. Fill the Verilog Module

= Fill the Verilog module with some code.
* The code does not have to be synthesizable

= YOou may use parameters. [€] Text Editor (Verilog) Veri a _ o x
. aunch File Edit View Create » cadence
= Forinstance — —_— o
(1 time Step =1ns by defaUIt) “l Clazne “l Basic '» | &P 15151 _Topiisis1_Top: v
. gparameter PER = 20;
* When you close the text file, i i,
it is automatically parsed. 7 atuays 98 clk = i
This takes a moment. N
1
= Correct it until there are no _ _
limouse L: - 4
errors |eft 507 | lSIS1_Top:lSlS1_Top:Core:Core:DAC_AII:DAC_AII:DAC_AII::

* [n my editor, the log file can be seen with view->Parser Log

* Error messages of Verilog compilation end up in
.cadence/dfII/TextSupport/Logs/Parser/verilog..

= Use the latest file there
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* When the Verilog file is closed, the tool offers to create a
symbol if there is none (or to modify an existing symbol
which does not fit to the declared interface).

= Create the symbol.

= You may then edit the symbol to make it nicer.
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Y 2 Creating A Top-Level Simulation Module

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

= Put an instance of your Verilog module, i.e. the symbol

= |[f the Verilog contains parameters, the symbol inherits them.

* To see them: In the instantiated symbol, select
CDF Parameter of view -> functional (not 'Use Tool Filter’)

» Add some analog circuit (symbols, primitives, sources, ...)
which can also be in symbols.
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L] New File L E '?Is" . ' .y
e - * The AMS simulator needs a 'config
N view for the simulation schematic
- e = = In 'Library Manager:
0::’:1':::0“ Hierarchy Editor n ® SeleCt your SimUIation SChematiC
+ File — New — Cell View
—— S R « 'Type': config
o (name changes to 'config')
Library: | CCS2013 [~ ] . . . , .
& * Note that ‘Application’ switches
. automatically to 'Hierarchy Editor'
Global Bit( =" " o) Use Template Q9w o
o 5 = In the next window: change 'View' to
il o L From File: /fhomeffischer/hierEditortemplates/&MS 1 | 'SChematiC,
Descriptig @>  cancel, _apply  Help " CliCk 'Use Template, (bOttom)
\ <] « Select 'AMS’ (this will be our simulator)
| .« OK

= OK

Cancen. | Use Template ./ Help
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4. Changing 'config' view with the Hierarchy Editor

* 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)

n“~ Virtuoso® Hierarchy Editor: New Configuration (Save Needed) AR TEIE X
Launch File Edit View Help cadence A Ce” can have
o EaR s s ¢ [ B @ Y —— several view, e.g.
| Top Cell 7.8 X|| Global Bindings 7.8 X| verllog ,
3 0 )
¢ . 3 Library: VLSI2020 Library List: basic analogLib funCtlonaI or
Table view " o ‘ o
cot: Winedsimz . . schematic'.

I. t ” : View List: module schematic spectre symbol
ists cells per T 4 The view to use
typ e Stop List: symbol spectre . o

Open Edit ADE L ADE Explorer Constraint List: 4 IS SpeCIfled here
3 o )
Tree view

Table View | Tree View

shows all Cell Bindings
instances Library Cell View Found | View To Use | Inherited ViewList |

VLSI2020 Inverter schematic schematic verilogams veriloga beha... . .

VLSI2020 MixedSim2 schematic verilogams veriloga beb= ng ht C I ICk

VLSI2020 MyFirstStimulus verilog verilog e o gy to Select

analoglib cap spectre verilogams veriloga beha...

analoglLib res spectre verilogams veriloga beha... (now

analoglLib vdc spectre verilogams veriloga beha... ‘fu nctlonal ’)
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5a. Setting Up the Simulation and Outputs

e ®). - w Open the top level simulation schematic
* In menu: Launch — ADE L (or higher)

U el a6 dD
Design Varisbles %’;@Am z8x
X U @ Choosing Simulator/Directony/Host — Virtuoso® A (&) () @ [ | Setu p RN D eS I g n
« Change 'View Name' to 'config' (which we
have created before)
@ Corcel ) Defaults ) Apply ) Help )| . .
» Setup — Simulator/Directory!/...
> Results in /tmwp/ADE-Sim-erdinge| Plot after Sfmula'ﬂutﬂ B Fiotting noReplace |3 \ R?J ° C ha n g e IS i m u |ato r.I to la mSl

lmouse L3 M

4(8) | Simulator/ Status: Ready | T=27 E Simul;tor: ams{Spectre)Mode: batch | State: tmpSt,ate.! .
' e ' . this takes a moment. ..
= Add a transient simulation

L

&

Sinulator ans

Project Director.

Host Mode & local o remote o distributed

Ix]
- © 0 x ¥ El i+l

Host

Remote Directory

- 1
[ &) Virtuoso ® Analog Design Environment (1) - playground SIM_MixedModeExample confia () (&) |
Launch Session Setup Analyses Variables Outputs Simulation Results Tools Help ¢ 5 dence

ISELET s e O @B

Design V. L I I Analyses 28 &q
= A . & Choosing Design - Virtuoso® Analog Desi... (2) v &) )
Library Nane playground '

Cell Name SIM_GCC
SIM_LATCH_SYNC
SIM_LFSR_3
SIM_LYDS_IOBoard

SIM_MixedModeExample
SIM_TOGGLE_FF
SIM_inv

SIM_leakage m n
SIM rinsosc v | Save Options |
| 1114 _

View Nane config ‘

Open Mode & edit o read

[~ © © x ¥F El i

> Results in /tmp RUE*SLm-erdmge" it

m Cancel ;| _Help
TG TaToe—— g T IOCCIE ma;f_gf_l_ace_' J
R:

M3

| imouse L3
B |Simulatcn‘: ans {Spectre)Mode: batch |State: tmpstate !‘
=l

14¢8) | Stop | Status: Ready | T=27
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5b. Choosing Information to Store

= AMS saves only selected nets by default.

 In small designs, it is more convenient to save all, so that you
do not have to re-run the simulation if you want to view more
signals

* [n Simulation window, go to 'Outputs — Save All...°

" |n the category NETS, select 'all' to save all node voltages

« If you want to also save nets INSIDE of modules / instances,
select Levels -> ‘all’

= [f you want to look at currents:
* In the category CURRENTS, select ‘all’

* Do not do this all the time, because the larger choice of signals
makes it more confusing later to select the right ones...

VLSI Design - Mixed Mode Simulation © F. Erdinger, ZITI, Uni Heidelberg Page 17




RUPRECHT-KARLS-

UNIVERSITAT
HEIDELBERG

Must have
1.8 V herel!

(Connect Rules — defaults should be ok...)

* This is a bit tricky. The mechanism has changed depending

on software version.

= At the moment, you can access the connect rules from

ADE L (1) - VLSI2324 N

l_\nalyses Variables Outputs £

@ Simulator/Directory/Host ...
High-Performance Simulation ...

@ Model Libraries ...

i° Temperature ...

@ Stimuli ...

ShaiauU N

Connect Rules/IE Setup ... I

MATLAB/Simulink

ﬂ Environment ...

Setup->Connect Rules -
= |n the window, go to ‘advanced setup’. |——=—
% &2 &
 Make sure 1.8 V are set! N
H H Name
* The simple model assumes a series
resistor and a rise time.
- ams1: Interface Element (lE) Setup A X
[ e e &
2 _ _lick here to add new ie card> <«
~ Advanced Setup __ Enable IEReport _ Always Use |E-card Based Setup __ Use UCM as O] Export IE Card ;
Pm:nmr [j:ue | Series R
: J and
- rise time
G I
€ o Apply Default || Help

VLSI Design - Mixed Mode Simulation

EM/IR Analysis ...
| E

I'I At
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= [f you want to use active devices, like transistors, the
models must be defined in Setup->Model Libraries

« Check that they are set!
* Note: You may have to pick a ‘section’ (right column)

L ams3: Model Library Setup

 |ModelFile |section
[}~ Global Model Files
__ /opt/eda/UMC/018mm_rf_OA/UMC_18_CMOS/../Models/Spectre/MM180_MIMCAP_V101.lib.scs mimcaps_typ
-+ o fopt/eda/UMC/018mm_rf_OA/UMC_18_CMOS/../Models/Spectre/MM180_REG18BPW_V123.lib.scs tt
~ Jopt/eda/UMC/018mm_rf_OA/UMC_18_CMOS/../Models/Spectre/MM180_REG18_V124.lib.scs tt
- o /opt/eda/UMC/018mm_rf_OA/UMC_18_CMOS/../Models/Spectre/MM180_REG33BPW_V123.lib.scs tt
+ o /opt/eda/UMC/018mm_rf_OA/UMC_18_CMOS/../Models/Spectre/MM180_REG33_V114.lib.scs tt
-~ o fopt/eda/UMC/018mm_rf_OA/UMC_18_CMOS/../Models/Spectre/MM180_RES_V133.lib.scs res_typ

__ /opt/eda/UMC/018mm_rf_OA/UMC_18_CMOS/../Models/Spectre/MM180_ZVT18_V121.lib.scs tt
__ /opt/eda/UMC/018mm_rf_OA/UMC_18_CMOS/../Models/Spectre/MM180_ZVT33_V113.lib.scs tt
We mai nl need M M 1 80 REG 1 8 SCS - o /opt/eda/UMC/018mm_rf_OA/UMC_18_CMOS/../Models/Spectre/MM180_LVT33_V113.lib.scs tt
y L N -+ o fopt/eda/UMC/018mm_rf_OA/UMC_18_CMOS/../Models/Spectre/MM180_LVT18_V113.lib.scs tt

-~ o fopt/eda/UMC/018mm_rf_OA/UMC_18_CMOS/../Models/Spectre/MM180_BJT_V112.mdl.scs

+ o /opt/eda/UMC/018mm_rf_OA/UMC_18_CMOS/../Models/Spectre/MM180_DIODE_V113.mdl.scs
 /opt/eda/IC615/tools.Inx86/dfll/etc/cdslib/artist/functional/allFunc.scs

Must have 1C618 here! Right click on [iNe! | s S

* These files are defined in your .cdsinit.

= |[f the are wrong (because UMC or cadence versions have
changed), update them there and re-run .cdsinit (load
“.cdsinit”)
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5d: Running and Viewing the Simulation

* You may want to save the state before you run...

* Run the simulation (‘play button’)

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

* Errors are in Simulation->Output Log->..

= Verilog $display task prints to the log file

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

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

» To select digital waveforms, open the ‘results browser’

 for instance from the
icon’)

schematic window (next to ‘calculator

* Or from the simulator—tools— ..
« — You get a pane with 3 entries (calc., res. browser, results)

A - O X

Virtuoso (R) Visualization & Analysis XL

A

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

cadence

= Select
Sim->tran->Top
* In Verilog Instance,

you can select
internal variables.

VLSI Design - Mixed Mode Simulation

» “@
JE Jlcessc B3>

» || family

It ~-F -2 @ & MW Al S % OB XI00aQ
\LW M= a0 fg%; Subwindow: 1 || o @ [l =, » ||
M

Append 'lﬁ. ./i? {] »
AR RN

|scher/MixedSimTop/ams/conﬂg/psf' K

Transient Analysis "tran': time = (0 s -> 200 ns)
¥
<>

/netl

E]- Q ..r/MixedSimTop/ams/config/psf

B- 5 tran Il /invout
= MixedSimTop

®=- 23 cds_globals

=- 32 tranOp

B- [ model

- [ instance

M. 53 Aot

Signals | Search

@ netl
& out

Db hhhhhRht

100.0 150.0 200.0

time (oo —
Units used on this axis: s

0.0 50.0

nShell »
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Browse the
design here

E2L
— Electrical
to logical
interface
element

Plot
waveforms
from here

CTNONEY

A Virtuoso (R) Visualization & Analysis XL
File Edit View Graph Axis Trace Marker Measurements Tools Window Browser Help

v X

cadence

Il a* 18] LR \Layout; Auto nSuhwmdDws sient Analysis |[#orkspace: | Classic "?u @o
[F®) ] Q X n}?ur: Data Point | & [ e [ ramity 'Wnﬁ Aiie 'gl

[ Browser 28x] T windows ©

Append Bl 443 50 (¥)
A X | {E 8]

=-Sim-erdinger/SIM_MixedModeExample/ams/config/psf n i

Transient Analysis

G- k@ ..-erdinger/SIM_MixedModeExample/ams/config/pst
B tran [

28 & SIM_MixedModeExample

&e8-88888 00

2.

(™5] __E2L_2__logic

[ res__LZE_2_ logic
[ cds_globals

(3 tranOp
3 model |
(&3 instance
B (£ output v
Signals Search

[Za IClockGen &Y clk_by_4

[Z3 I_ClockDiv2Check & nets

(23 I_ClockDiv4Check & neto11

[E3 I_ToggleFF @ res

(23 |_ToggleFF2 & vdd

[ clk__E2L_2__logic

[£3 clk_L2E_2_ logic

3 clk_hy2_ E2L_2_ logic
E

Q ~* |~ S - |

400.0

Digital
Waveform

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

An analog
waveform
translated to
a digital is
temporarily
undefined

time (ns)

mouse L: M.
5(23) ‘ RME zoom reset to xy mode

transistions

VLSI Design - Mixed Mode Simulation
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* You can add a functional (e.g. Verilog) model to a
schematic, for instance to a gate

= You can start from the schematic and then
Create->Cellview->From Cellview -> Verilog-Editor

» Add the Verilog Code to describe the behavior. Note: This
code is not compared to the real behavior of the schematic.

You can get it wrong!!

1 //Verilog HDL for "VLSI2020", "Inverter™ "functional”
2

3 module Inverter ( output out, input in );

4 assign out = ~in;

5 endmodulel

6

VLSI Design - Mixed Mode Simulation © P. Fischer, ZITI, Uni Heidelberg Page 26
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Library
VLSI2020
VLSI2020

VLSI2020

|

Sample Output

= Here, The inverter is simulated with its ,functional' model:

Cell | View Found |

‘"~ Tg Use

Inverter functional functional

MixedSim_Top schematic

MyFirstStimulus verilog verilog

= ‘outinv’ is a digital signal

VLSI Design - Mixed Mode Simulation

module Inverter ( output out, input in );

assign out = ~in;
endmodule

Transient Analysis "tran”: time = (0 s -> 100 ns)

Name ﬂ
L]

/outStim @

/test

/outinv

W /outRC

40.0 50.0 60.0
time (ns)

© P. Fischer, ZITI, Uni Heidelberg
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Sample Output

= Now, The inverter is simulated with its schematic model:

Library
UMC_18_CMOS
UMC_18_CMOS
VLSI2020
VLSI2020
VLSI2020

| Cell
N_18_MM

P_18 MM
Inverter
MixedSim_Top

MyFirstStimulus

] View Found l View To Use ]
spectre
spectre
schematic schematic
schematic
verilog verilog

= ‘outinv’ is now an analogue signal

VLSI Design - Mixed Mode Simulation

Joutinv
/outStim @
/outRC

100 200 300 400 500 600 700 800 900 100
time (ns)
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= [f you have several instances of the same type, you can
select for each instance separately which view to use.

* You must use the ‘“Tree View’ tab of the Hierarchy Editor:

Table View Tree View

Target: Instance

Instance l View To Use

B} &% (VLSI2324 MyFirstMixed sche...

o \;J CO (analogLib cap spectre)

»- G A (VLSI2020 Inverter fun... functional

&} (4 1B (VLSI2020 Inverter sch... schematic

- (@) I1Stim (VLSI2324 MyStimul..

) MO (UMC_18_CMOS N_1...

) RO (analoglib res spectre)

g R1(analogLib res spectre)

@ VO (analogLib vdc spectre) :

e & & & & & & &
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RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERG | More Sophisticated Verilog_ .

u In the Verilog you Can ég tats’:gli.::adRORegister; // Load the content of the accumulator to the readout shift register
93 ROLoad = 1'b1;

* Define tasks to better 94  DoROCLK;

95 ROLoad = 1'bO0;

structure your code 57 enatask
Use memories to Store 16 initiar begin

101 ClkShift = 1'b0; // clock of vertical shift register, adder, accumulator
data 102 ROClk = 1'b0; // clock of configuration register and readout register

103 ResetHit = 1'b0; // async.
104 Inject = 1'b0; // async.
105 HorSI = 1'b0;
106 LoadShiftB = 1'b0; // 1: Load, 0: shift
107 ACCClear = 1'b0; // strobe to clear accumulator (clocked by ClkShift)

« Use $random to create o rowas -1
109 LoadMask = 1'b1; // Must be 1 to inject top horizontal shift register signals to column and to pa

random data B i i e ——————————————————

112 $display("// Generate a random mask pattern for each chip and write all patterns to the matrices™);

3 sdisplay(" / /s s s s N R S S SN SRR R N L
114
115 GenerateRandomMaskPatterns; // Generate the mask pattern with 50% 1/0
116 LoadMask = 1'b1;
e Use BOOlean to CO”eCt 117 for (irow=0; irow<NROW; irow=irow+1) begin // We write row after row
118 for (ichip=0; ichip<NCHIP; ichip=ichip+1) begin // clock in the NCOL*NCHIP values
119 for (icol=0; icol<NCOL; icol=icol+1) begin
error messages 120 HorSI = Wmask[ichip][irow][icol]; // take it from the Wmask register
121 DoROClk; // Clock horizontal register
122 end // icol
123 end // ichip
. . 124 DoShiftClk; // One row done. Clock it down the column
* Print to console (using  j2  iesplayCon s oore.”, irow;
. 127 LoadMask = 1'b0; // Freeze mask pattern and set top input of shift
$d|Sp|ay()) 1z $display("DONE Writing Mask pattern.");
129
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* You can pass analogue values (after conversion in an IE) to
the Verilog and inspect them.

3 module MyFirstStimulus (output out) input in, output out2);

4 parameter freq = 10;

5 :

6 reg [1:0] cnt; InpUt

7 assign out cnt[1] && Ciepldls

8 assign out2 = cnt[1] && ~cnt[0]; . . .

9 Define a register for a 2 bit counter
10 initial begin

1 cnt = 2'b0;

12 sdisplay("*6#06&hﬁé&*b&'ﬁ*h*'ﬁ*,ﬁi'w-,- 1§
13 $display("In MyFirstStimulus: initial");
14 sdisplay("*bhé6&##'&-\,6&-#&0*0#*#*'&0,6");
15 end

16

17

18 always begin

19 #freq begin

Initial condition of counter

20 ‘dlsplay("hi&*hﬁv#&&h'ﬁ&b*"h*b*ﬁ#ch*'”);

21 $display("In MyFirstStimulus: count by 1");

22 ‘dlsplay("ﬁiﬁ&h*'ﬁihhéﬁﬁiﬁéﬁﬁﬁitﬁﬁbit");

23 cnt = cnt+1;

24  end Increment tihe 2 bit counter
25 end

26 value evelrv #freq ns

27 always begin
28 #1 begin

29 Sdlsplay("“‘“““‘*'“‘*"“"*'“‘“");

30 $display("In MyFirstStimulus, at time %3d, input is %3d", $time, in);
3‘ sdlsplay("‘bﬁb*bﬁ-‘&*#ﬁiﬁ*b&oﬁ&#&o‘&ib*é");

32 end

33 end Print the value of in
34

85| endmodule to console every ns
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BB Exercise: Clock Generation

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

« Use a parameter
parameter del=10;

to set the clock period. (Parameters can be overwritten in the
properties of the symbol. 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 : .
HEIDELBERG 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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