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UNIVERSITAT : e
RPN WVhy 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 Simulator for digital part
* Analogue simulator for analogue part
* Interface Elements translate between both domains

* Time must be (internally) synchronized

Digital L2E >  Analog
Domain Domain
< E2L

= Advantages:
« Complex steering / logic easy to implement
« Much faster simulation in large designs (once it runs...)

» Drawbacks: More complex. Long simulator startup.
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What do we Need?

Cell for Simulation

HEIDELBERG
view: schematic
analoglLib| |components
built in model

AN

A

‘ symbol

/

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.

Simulate Interface Elements Simulate
Digital Analog
Domain < Domain

(here: NCSIM) | (here: Spectre)
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Before You Start:

= \We need to make the ‘connectlib’ available:

= |n file cds.1ib, add the line
DEFINE connectLib

/opt/eda/XCELIUM2203/tools.1lnx86/affirma ams/etc/connect lib/connect
Lib
= You can also use the Library Manager:
* In the Library Manager: Edit — Add Library Path...
» Edit — Add Library
* ... (name must be connectLib)

« Save

* This must only be done once, library definition is saved in
cds.lib
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Editor

* The editor of your choice can be been specified in .cdsinit

44

e cditor="..

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

= or the CIW:

editor="gvim”
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1. Creating a New Verilog Module
"K SR Library Manager: WorkArea: fhome/erdinger/IBM013. OA & g \x/‘ .
e cadence * In 'Library Manager:
;:rh::;cmgms L show F“esce“ "xF:l,;@ Newfle (2w & | L FiIe — New — CeII View
auareun Lik prlayground ] .
e e o e = « 'Cell:  name of verilog module
DB_SENSOR ASFCELLE_D
DSSC_CNTRL1 ABFCELLO_D View verilog

: ] H V. ] H ] H
e o " * View': ‘verilog' (Non-Capital!)
DSsC_pa Cnt_9bit_Lfsrl

DSSC_F1 CrossSection

Applicati H
DSSC_F 1_ADAPTER CurrentSource PR cation ! [ 'T e' - Ve rIIO
DSSC_F 1_CNTRL DA_DSSC_Senson |Open with Read HDL n .
DSSC_F 1_RETICLE_FINAL_146516 DRAM1 i
DSSC_F 1_SENSOR Family _ Always use this application for this type
DSSC_FEK_DB_V1 FamilylLogo
DSSC_FBK_DB_V2 Fill_E1_3 Library path file
pSsC_L1 Fill_Ly_3
T ieaa B /home /erdinger/IBMO13,0A/cds , Lib
DSSC_L1_submitted Fill_MA_3

= _{ G __ = The Cadence text editor opens
S ool Niclaw with a 'naked' Verilog module

Messages

Log file is "/home/erdinger/IBMB13.0A/1ibManager.log".

[ G|

- Il
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1. Editing the Verilog Module & Creating a Symbol

= Fill the Verilog module with some code.
* The code need not be synthesizable
| For instance % i) 6 veﬁlog.v-l-...verilog)-o.vm X &) X
File Edit Tools Syntax Buffers Window Help
initial out = 1'b0O;
always #10 out <= ~out;
* When you close the text file,
it is automatically parsed. R
) i initial CLK = 0;
Correct it until there are no  |always #0EL cLk <= ~CLk;
errors left.

BEdRE8 el 0B

rodule ClkGen (output reg CLK); =

parameter DEL=10;

endmodule

-=- INSERT -- Lyl A1l

L]

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

* |[n my editor, the file can be seen with View->Parser Log
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2. Creating A Top Level Simulation Module

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

® New File

File

Libn playground

Cell SIH_MixedHodeExanp L

View schenat il

Type schenatic -]

fipplic

Open i Schenat.ics L B

AL pplication for this t

Library path File

/hone/erdinger/IBH013,08/cds , Lib

@ cocel ) belp

: .
]

= Put an instar;ce 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 CDFParameter -
> Verilog (not 'Use Tool Filter’)

» Add some analog circuit (symbols, primitives, sources, ...)
= ‘Digital’ and analog circuits can directly be connected
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sk N 3. Creating the Simulation Configuration View

- New File @ E 23 . ' .
* The AMS simulator needs a 'config
Library VLS12020 [~ | . . . .
view for the simulation schematic
= =S - = [n 'Library Manager:

vt ey cotor_[3 - Select your simulation schematic

+ File — New — Cell View

;:, Ie New Corfiguration Rl & @ () . 'Type’ Conﬂg
" (name changes to 'config')
Library: | CCS2013 B . . . , .
8 = Note that ‘Application’ switches
automatically to 'Hierarchy Editor’
e 5 = In the next window: change 'View' to
iy L‘s_‘: From File: 7homeffischerhierEditortemplates/AMS 'SChema“C’
- Ty = Click 'Use Template’ (bottom)
» Select '"AMS’ (this will be our simulator)
* OK

= OK

m Cancel ) | Use Template )  Help
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e’ N 3. 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)

0 - - - - o
il Virtuoso® Hierarchy Editor: New Configuration (Save Needed) L2 e EBE3
Launch File Edit View Help cadence
ILEeadZs s c 0B BBAQ B - © updateneedea )
| Topcen 7@ X| | Global Bindings 2.8 x|
Library: VLSI2020 Library List: basic analogLib
Cell: MixedSim2 = i
View List: module schematic spectre symbol
View:  schematic
Stop List: symbol spectre
Open Edit ADE L ADE Explorer Constraint List:

A cell can have several view, e.g.
Table View | Tree View | ‘ ‘verilog’, ‘functional’ or ‘schematic’.

e The view to use is specified here
Library | Cell | View Found | View To Use I T

VLSI2020 Inverter schematic schematic verilogams veriloga beha...

VLS12020 MixedSim2 schematic  verilogams veriloga beha...

VLSI2020 MyFirstStimulus verilog verilog weriicgTrmeneniogmnnm . .

analoglLib cap spectre verilogams veriloga beha... nght CIICk to SeleCt

analoglLib res spectre verilogams veriloga beha...

analogLib vdc spectre verilogams veriloga beha...
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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’

* 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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" Open the top level simulation schematic
Welry arodo = From the menu: Launch — ADE
= Setup — Design

-
¢
il

Analyses 78 Q(,I
| Tupe |Enable| Arguments |

Design Variables

[ Mame | Value |

e
rans.

E

K @ Choosing Simulator/Directory/Host - Virtuoso® An._. (2) (J (&)

X
E1]
i3

Simulator aus, % . ' ' . ] .
o « Change 'View Name' to 'config' (which we
¥ have created before)

Remote Directory

m Cancel Defaults Apply Help |

» Setup — Simulator/Directory/...
5 Results in /tmp/ADE-Sim-erdinge| Plot after sinmulafluto B rFiotting moReplace ﬂ k,—J ° C h a ng e lS i m u Iato rI to |a mSl

= Add a transient simulation

4(8) | Sinulator/ | Status: Ready | T=27  C | Simulator: ams(Spectre)Mode: batch | State: tmpstate !J

5

r
Virtuoso® Analog Design Environment (1) - playground SIM_MixedModeExample confia () &) )

L5 M)
Launch Session Setup Analyses Variables Outputs Simulation Results JTools Help (iden(e

ISl et do J
Design Var u&h‘:*_—_u;ﬂﬂuses ‘Z@&qf

e A . & Choosing Design -- Virtuoso® Analog Desi... (2) &) ) :;"s"

)
Library Name playground @
Cell Name

‘ View Nane config '

Open Mode & edit o read

> Results in /tmp. RTlE*Sm*erumge‘l

m Cancel /| Help

N0 \llD B/

TroT e e ST ww oo nocReplace B
e

| imouse L3 M Sy
1448} | Stop | Status: Ready | =27  C | Simulator: ams{Spectre)Mode: batch | State: tmpstate '
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iatall” N Choosing Information to Store

= AMS saves nothing by default:

* |[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...
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= The standard connect rules use 1.8V
P p———— ~ | supply and work fine for UMCO018 so
i a nothing has to be really done here...
| c— N (
\_Enzble. | | Disable | | Delete | (Rename...) | Copy... )|\ Up |  Doun ) ustamize., [ ] You Can have a IOOk: In the ADE Window_
[P—— select 'Setup — Connect Rules ...'

| Rules Name connectlLib,ConnRules_18V_full fastl ' Wi

— = There are several 'built-in' interface
elements (fast, medium, slow, 1.2V, 3V,

‘ Description This is the description for ConnRles_18V_full_fast

Add

User-defined rules for ncvlog.ncelab.ncsim

e a— ...), which can be customized
Choose = Parameters are: vsup, trise, tfall, rlo, ...;
| fLOuTt-ti?me ., =2 logic levels, driving strength, ...
rules here = Own module can also be specified
d‘;ﬁﬁgd = These modules are automatically inserted
rules can in every digital to analog connection in the
be used entire design
)
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(This is for information only..)

S
«
O
(x

List of Connect Rules Used in Simulation

oiied ui ‘e

ConnRu es_ BV_ ul_(-‘ astl fi i :connec:L ib i.ew sconnect

To customize or view
the rules click here

=

i D]
Enabile Disable Delete Rename., .. Copy. .. /=) J 31[e]t]g] ustomize, .,
Built-in and Customized rules [ ' AORCY ams0: Customize Built-in Rules

? J | )

(ORR) &/

Rules Name (connectlib,ConnRules
SRS RS LS

1IN T T S [ TR ER o o e 1 R Lo T S gl This is the description for ConnRules_18V_full fast]

All interface elements are listed here

The important ones for us are:
usermdiefined rules for nevicg.ned Odule-:_z s ]i’::::‘ﬁt::;\‘jll:f”w tr="Tr tf="Tr rlo=100 rhic] L2E — Logical tO E|eCtrica|
Library E2L_2

vsup="Vsup vthi="Vthi vtlo="4%d

Connect. Module Declarations

Bidir_2 vsup="W¥sup vthi="Vthi vtlo="Vtlo vlo="Vlow tr 1 1
Cell E2R vdelta="Vdelta vtol="Vdelta_tol ttol=" Tr_de] E2 L e E I eCtrI Cal to Log I Cal
P R2E_2 veup="V¥sup vdelta="Vdelta tr="Tr_delta tf="Tr_ ==
View : >

icls pclo b o= elo b o b o] = 1+
E il

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

Mode

— 2

Parameters

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

Parameter Value Change
S, - i

rY

I b M

m Cancel Apply | Disciplines,.. Help

VLSI Design - Mixed Mode Simulation
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HEIDELBERG US|ng Active Devices

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

* You may have to pick a ‘section’ (right column)

= |[f they are not set, a quick way to get them is:

« Save the state of the (ams) simulation to a view
This view is visible in your linux library path under
/libname/cellname/ams_state...

* In this cell, there is a file modelSetup.state, which is probably
empty (contains nil)

» Copy a ‘modelSetup.state’ file from another simulation state,
containing the library paths.
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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 in the left windows
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» To select digital waveforms, open the ‘results browser’
» for instance from the schematic window (next to ‘calculator
icon’)
* -> You get a pane with 3 entries (calc., res. browser, results)

= Select Sim->tran->Top
* In Verilog Instance, you can select internal variables.
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Browse the
design here

E2L
— Electrical
to logical
interface
element

Plot
waveforms
from here

Eile Edif

t View Graph

Axis Trace Marker Measurements Tools Window Browser Help

Virtuoso (R) Visualization & Analysis XL v o X

cadence

| O

w O B X
a Q<

||[Layout; Auto nsubwmdows sient Analysis

Data Point

| Browser

?Exl Kl windows B

Append Bk 448 E

A

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

| {= | 8B

| @

Il E || e ﬂ\ || family n ﬂﬂﬁ Al '%‘I

[Workspace: | Classic n EJ @a
Digital

v
= | Transient Analysis

=34
=g

=2 % SIM_MixedModeExample

tran

B IClockGen

B> |_ClockDiv2Check

(23 I_ClockDiv4Check

[E3 1_ToggleFF

[ I_ToggleFF2

B3 clk__E2L_2_ logic

3 clk__L2E_2_ logic

B3 clk_byz__E2L_2_ logic
3 clk_by_4__E2L_2_ logic
B8 res__E2L_2__logic

3 res__L2ZE_2__logic

&-a-E-E

[ tranOp
[E3 model

[ output

[ cds_globals

(22 instance

-erdinger/SIM_MixedModeExample/ams/config/pst |

| Waveform

Translated to
an analog by
an L2E
(Logical to

Electrical IE)

Signals Search
23 IClockGen W clk_by_4
(&3 |_ClockDiv2Check & nets
[Z2 I_ClockDiv4Check & neto1
[Ea |_ToggleFF & res
(23 I_ToggleFF2 @ vad

[ clk__E2L_2_ logic
[ clk__L2E_2__logic
[ clk_by2_ E2L_2_ logic
[E2 clk_by_4__E2L_2_ logic
[ res__E2L_2_ logic
[ res__L2ZE_2_ logic

@ clk

[CZeiczee

Q v ' Shell '

An analog
waveform
translated to
a digital is
temporarily
undefined
during

imouse L:
5(23) ‘ RMB zoom reset to xy mode.

transistions
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. . . . . . . ]
= Here, The inverter is simulated with its ,functional’ model:
Library ] Cell | View Found ' ‘=~ To Use |
VLSI2020 Inverter functional functional Rim = ¢ A in )
module Inverter ( output out, input in );
VLSI2020 MixedSim_Top schematic alslsign out = ~in: . .
VLSI2020 MyFirstStimulus verilog verilog endmodule

= ‘outinv’ is a digital signal

VLSI Design - Mixed Mode Simulation

Transient Analysis "tran”: time = (05 -> 100 ns)

)

Name Vis
N
)

/outStim @

) 4

/test L

Joutinv. @

Y

/outRC ©

)

50.0 60.0 70.0 80.0 90.0 100

time (ns)

0.0 10.0 20.0 30.0 40.0
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= Now, The inverter is simulated with its schematic model:

Library ] Cell | View Found l View To Use |
UMC_18_CMOS N_18_MM spectre
UMC_18_CMOS P_18_MM spectre
VLSI2020 Inverter schematic schematic
VLSI2020 MixedSim_Top schematic
VLSI2020 MyFirstStimulus verilog verilog

= ‘outinv’ is an analogue signal

Joutinv
B /outStim
outStim M /outRC

00 200 300 400 500 600 700 80 %0 100
time (ns)
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RPN 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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= 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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