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Why Verify Analog with SystemVerilog/UVM?
AUVM (Universal Verification Methodology

Is a framework of building reusable & A
scalable testbenches for digital systems U V M
with standardized components w

Embedded Processor ‘

L . .. |
ASurge ofanalog circuits with digital o] 1 ] T e
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Extending UVM to AMS Verification

AUVM testbenches for AMS circuits can be built with standard component:
If we use a weltlefinedfixture module enclosing these elements:

AAMS device under verification (DUV) modeled in SystemVerilog

AAnalog instrumentations for generating stimuli and measuring responses

Frequency

()

Fixture Module

(

Stimulus
Generator

1/f :
—

Analog Circuit
Model

0

—

Response
Measurement

—>
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Outline of This Tutorial

Aln this tutorial, you'll learn how to write UVM testbenches for AMS circuits
In a stepby-step manner:
AWriting AMS instrumentations in SystemVerilog SystemVerilog Testbench (UVM)
using XMODEIlprimitives
AAuto-extracting SystemVerilog models from
analog circuits wittMODELZEN

ABuilding a fixture module for an example
programmable bandpass filter

APutting together the UVM components to
compose a UVM testbench for AMS verification

[Snapdragon 808/810, Qualcomm]
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Instructors

Jaeha Kim CharlesDanéak

AVerification Instructor &
Consultant,Betasoft
Consulting, Inc., CA

AMS in EE and Physics
ATeaching SystemVerilog at

AProfessor, Seoul National
University, Korea

ACEO & Founder, Scientific
Analog, Inc., CA

e ‘ AMS & PhD in EE

AServed on TPCs of DAC, UCSD Extension since 2007
|ICCAD, CICC & ISSCC AAuthor of DVConUS 2022
AAssoc. Editor of IEEE Journal paper "UVM Testbench for
of Solid State Circuits AMS Verification”
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XMODELEnables Analog In SystemVerilog

AXMODEIis a plugin extension enablingast and accurate analog/mixed
signal simulation inSystemVerilog

AEventdriven: delivering 10~100x faster speed than RRalmber Model (RNM)
AAnalog: supporting both functional and circuievel models
ASystemVerilog fully compliant with SystemVerilotpased flows (e.g. UVM)

1o > [ + 58+ g > W)

Analog/Mixed-Signal XMODEL SystemVerilog XMODEL Simulation
Models Primitives Simulator Simulation Results
Library Engine
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Event-Driven Simulation of Analog
AT x Al xA A@OAT AdrieR dgor@hin@oEsimulalitgO A «
analog circuits?

Digital
OA1l I: I— > : OA 1l
Analog
Pt Sl
M\ l v
[ ]
— l { X J
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Expressing Analog Events

AXMODElexpresses analog signals in functional forms instead of using a
series of timevalue pairs:

x(t) = Z c;t"ie %t

SPICE XMODEL

P 1-e™' i -0.5+1.4e™"

t t
Events occur only when the 5023

coefficients are updated oesinanoveriFication
P DV TN
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Accuracy relies on fine time step
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Propagating Analog Events

AWith the signals transformed into Laplacedsmain:

w(t) = 3 et™ e u(t) £ X(s) = 3

7

~ (s + a;)™

?

AThe response of a system can be computed in an edenen manner

without time-step integration:

Input low-pass filter
=N
X . =

w,+S

scientific analog

output response
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XMODEI6 O %0iveh Simulation

AXMODELs fast due to very few events triggered during the simulation

....,E...Eve.n.t.Mar.kér.s...._

Signals Values Waveforms

B W0o:th_channel.rx 83.65m

W W0:tb_channel.eq 83.65m

_ | I | | | |
+ Add Signals 40ns 45ns 50ns 55n5 60ns
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Composing Models withXMODELPrimitives

AWith XMODEIL you don't have to write codes to model analog circuits
APut togetherXMODEL primitivedo describe their functions or circuits

Functions

Stimulus Domain
generators translators

XMODEL

Primitives

Measurement
Probes

Connectors

Logic Circuit
gates elements

Over 220 primitives !

scientific analog

Functions

add
multiply
scale
pwl_func
poly_func
sin_func
exp_func
limit

power

Filters

filter
filter_var
filter_fir
filter_disc
integ
integ_mod
integ_rst

deriv

Data
conversion

/ comparison

transition
slice
compare
dac

adc

Sampling,
selection,
and delay

sample
select
delay
delay var
buffer
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GLISTERBuild Top-Down Models

AGLISTERets you build topdown analog models in Cadence Virtuoso or
SynopsyCustomCompilern schematic forms

ASimply place theXMODEILprimitives on a schematic and connect them
with wires; no coding Is necessary!

module dfe_trx (
“output_xbit data_out,
“input_xbit clk,
. . input_xbit data _in
aaaaaaaaaa filter add compare G )
—In| = _.GL F

tline \ |
H_\ ¥ A SRR, R
— p— compare #(.threshold(@.@)) XP3 (.in_ref( ground
: : iti .valuel(1), .value@(e.8), .fall ti
filter_fir tline #(.Ze(50), .delay(@.9)) XP1 (.pos_2(rx),
filter #(.zeros('{1.5e+28,0.08}), .poles(’{Se+08
add #(.scale('{1,1}), .num_in(2)) XP5 (.out(eq2
filter_fir #(.data('{0.3,0.1}), .tran_time(9.0)
-
eeeeeeeee

Draw model schematics with And GLISTER can netlist them
XMODEL primitive symbols into SystemVerilog models

2023
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Top-Down Modeling with XMODEL & GLISTER

Describe top-down models in schematics
using GLISTER: XMODELprimitives

54 Virtuoso® Schematic Editor L Editing: sandbox tb_channel schematic HEE
Launch FHle Edit Wiew Create Check Options Window GUSTER Help cadence
b @El% C Mm% O - » ¢ BT -2-F-JUALARIHB L LSS E

188, =< - I e T Y 1 [ CSEE - R

I = 0
< th_channel

Q 8-
Name =

= tb_channel

10 (channel)

() PO (dk_gen)

L XP1 (prbs_gen)

() %Pz (rransition)

P3 (filter)

T, o
L
L

Cal
ans®

T

.

i3I8

eq langths 15

3

DUMP
Property Editor 78X prrmpeyry

Il
I ——

mouse L: schSingleSelectPl()

M: gescrallinil 'n” nil R: schHiMouse PopUp()
23) Cmd: Sel:0 J

scientific analog

Netlist SystemVerilogmodels

& tb_channel.sv - /home/jaeha/demo/cadence/x

File Edit Search View Document Project Build Tools Help

channel.sv 3 |tb_channel.sv 3

I?l// XMODEL /SystemVerilog netlist for sandbox:tb_channel.schematic
// Generated on May 26 17:23:43 20819

include "xmodel

module tb_channel (
T output_xreal eq
i

// signal declarations
xbit clk;
xbit data;
xreal rx;
xreal tx;

// instance declarations

clk_gen #(.5] freq(®.8), .init phase(8.8), .freq(2.5e+89), .R1 rms(0.0
transition #(.valuel(B8.1), .valueB(-0.1), .fall _time(0.8), .rise_timel
channel I8 (.out(rx), .in(tx}));

filter #(.zeros('{1.5e+088,0.8}), .poles('{5e+088,0.0,1e+09,0.0}), .dela
prbs_gen #(.length(15)) XP1 (.trigiclk), .outidata));

by

Simulate
. with XMODEL

XWave Waveform Viewer

10

// inline dump statements £
initial begin File
$xmodel_dumpfile("xmoc ") g
$xmodel_dumpvars(“le ") ; Q +
end
Pagel | +
endmodule // tb_channel -
Signals Values |Waveforms
— 100m
This is Geany 1.25
W WO:tb_channel.tx 100m
-100m
wum
W WO:tb_channel.nx 83.65m
-100m
150m
100m
W Wo:tb_channel.eq 83.65m
somf-
-100m
-150m }---
+ Add Signals

i i
40ns 45ns. 50ns 55ns .

DV
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_Getting Ready

AConnect to the URLhttps:// <SERVER |P8443/#<USERNAME>
AFor example, https://111.22.33.44:8443/#user01
AYou may have to ignore security warnings to proceed

A Betps://15.164.16.19 :8443/#aeha e (o] ® » 0 \'\Il,u:lsle
B " = t s © B Baokm =]
Sign in with your
edentials
eeeeeeee
aaaaa
DESIGN AND VERIFICATION™
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_Getting Ready (2)

AOpen the "Terminal" App

AClick the pulldown menu:
Applicationg, Favorite#,
Terminal

AANnd execute these commands to start Virtuoso:

$tar zxvf UVM_XMODEL_202303.tar.gz
$ cd UVM_XMODEL

$ source etc / setup.bashrc

$ cd cadence

$ virtuoso &

2023
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Browsing the XMODELPrimitive Library

AClickToolsA Library Managerin CIW

Library Manager: Directory ...tutorial/glister_basic/cadence
_f,ua-gdi!'[ilew.lf';ﬂE)DEL Design Manager Help

cadence
* *
* *
',' W Show Categories o _ Show Files
0. . " "
~|.,|Igr‘1:y.. .-.--__.-‘ Category Cell View
v B- v B-v B
. . T xmodel_prims w | Function s filter - —E}C] -
electxmodel primslibrar o
basic Uncategorized add O doc 8k
—
cdsDefTechLib Circuits buffer symbol 24K
example Cannects compare wmodel 20
a rowse prims_gx - DomainTrans dac _
n s deley
- . . . werilog - LogicGates delay_var
xmodel = Probes deriv
rimitives available
filter_fir
filter_var
integ
integ_mod
limit
multiply v

ACheckShow Categorie®ption

to browse primitives based on
their categories

scientific analog

Messages

Log file is "/home/jaeha/tutorial/glister_basic/cadence/libManager.log".
Created new library "prims_ex" at fhome/jaeha/tutorial/glister_basic/cadence/prims_ex.

Lib: xmodel_prims |Free: 37.84G Y

2023
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Accessing Documentations oXKMODELPrimitives

ABy doubleclicking on thedoc'view of each primitive cell, or
ABy typing'xmodelzh <primitive name>on the command line

Library Manager: Directory ...tutorial/glister_basic/cadence

mm 18

&)

Mozilla Firefox —a x|
— Hle Edit View History Bookmarks Tools Help
Eile Edit View XMODEL Design Manager Help Cﬂd ence @ ﬁ @ file: /#fhome/jaeha/projects/xmodel/trunk/cadence/xmodel_prims/filter/doc/dec_xmox v] ﬁv i‘.‘]
& Show Categories __ Show Files [ Most visitedv MBRed Hat MBRed Hat Magazine MHRed Hat Network MBRed Hat Support
Library Category Cell View ‘ @] file:/1homerae. .doc_xmodel htmll & v
Y Q- Y Bg-vr_ B ]
T xmodel_prims * | Function T filter * H doc hd
- - Py = Ty .
analoglib Everything adec JE “View | Lock’ Size FI lte r
basic Uncategorized add l‘ - |
cdsDefTechlib Circuits buffer '..szmbol ."24!( . .
.s . -
cxample Connects compare PUlatass . :An analog linear filter for xreal-typed
prims_ex DomainTrans dac » R
s deloy signals.
verilog LogicGates delay_var -
Double Click
wrmodel_blocks Stimuli exp_func
The filter primitive models a linear dynamical system, described by a Laplace s-domain
filter_fir transfer function and a transport delay.
filter_var
integ The transport delay is set by the delay parameter. The transfer function of the primitive
integ_mod filter can be defined using one of the following two methods:
limit
rultiply aal e . .
1) Specifying the DC gain, poles, and zeros of the Ffilter
Messages
Log file is "fhome/jacha/tutarialfglister_basic/cadence/libManager.log". kel The first method specifies the transfer function with the following canonical form using the
Created new library "prims_ex" at fhome/jaeha/tutorial/glister_basic/cadence/prims_ex three parameters: gain, poles, and zeros.
- z(s) (145 /(2pi*fzL)) (1+s/(2pi*fz2)). .. (1+s/(2pi*fzN))
H(s) = gatn*----- = galn* ----ecccimiicnieeiieem oo iee oo 5
L ( (145 /(2pi+fp1)) (1+s/(2pi*fp2)). .. (145 /(2pi¥fpH))
. == 2023
Lib: xmodel_prims [Free: 57.84G - where f71.fz2. ... are the zera freauencies of the filter in Hz and fo1. fo2. .. are the pole =

scientific analog
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XMODELPrimitives At a Glance

Functions

Circuits
Logic Gates
Domain Translators

Connect
Stimuli

Probes / Measures

scientific analog

Describesfunctionality of analog/mixed -signal circuits
(add, multiply,deriv, integ, filter, select, powerpwl_fung poly_fung transition, sample,
compare,dac, adch 8

Represents circuit elements
(resistor, capacitor, inductor, switch, diodemosfet, pmosfet, vsource isource vcvs vccs
ccvsceceh 8 Q

Models digital logic gates withxbit input/outputs
(buf_xbit, inv_xbit, nand_xbit nor_xbit, xor_xbit, mux_xbit, dff xbith 8

Converts between a cloclkand one of its properties such as frequency, phase, period,
duty-cycle, and delay 5
(clk_to _freqg clk _to phasefreq to clk phase to clk 8 (J

Make connections between signals with differenttypes
(xbit_to_bit, bit_to_xbit, xreal to realreal to xreah 8

Generate stimulussignals
(dc_gensin_gen pwl_gen clk_genprbs_gelh 8

Make measurements on the simulated waveforms

(probe_freq probe delay dump,meas_avgmeas_pptrig_crosstrig rise 8
LIV
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Lab Exercise #1

AOpenAVM_LIB.EX1:schematic
cellview

APlace a proper primitive symbol
In the empty box to supply a
sinusoid inputto the filter DUT

scientific analog

]
Virtuoso® Schematic Editor L Editing: AVM_LIB EX1 schematic - o x
Launch File Edit View Create Check Options Window GLISTER Help (é dence
= F 0% QO ¢ RoT~-2-F-|QQAQF|W 1L 1L~ -»BE
- - R - |00 W[ T B N (S -

_________________________________________________

i®egvial+

||||||||||

mouse L: schSingleSelectPt()

M: schZoomFit(1.0 0.9)
6(10)

R: schHiMousePopUpi)
| cmd: sezo |

2023
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Hint for Lab Exercise #1

AChoose your answer from one of thestimulus generator primitives

_ N N\, — [ — I\ -
DC EXP SIN STEP PWL
dc _gen exp_gen sin_gen step_gen pwl_gen
DESIGNANDVE%QC%TISON“‘
DVLCON
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Solution for Lab Exercise #1
AThe answer issin_gert e

G - === S o1 Y SR - ¢

90 3

Fa
v

ATo place an instance sfn_gen
ASelectCreated, Instance(or pressl’)
AChoosexmodel_prims:sin_gen.symbol
APlace the symbol on the schematic

i g v

R: schHilMousePopUp()

2023
DV
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Editing Instance Parameters

ATo edit its parameters (e.g.
frequency:.

ASelect the symbol on the schematic

AClick right mouse button and select
0 Ol b A Grorkthe(pBpup menu

(or pressQ)
AEdit the parameter values
AClick OK

scientific analog

Virtuoso® Schematic Editor L Editing: AVM_LIB EX1 schematic - o x
Launch File Edit View Create Check Options Window GLISTER Help cadence
b = & % 0 WX OT ¢ fo-T-Z-F-QAQQHE "ML 1L »E
IS - LI O Y — R

Edit Object Properties

- B

Erowse Reset Instance Labels Display

Property Value Display
Library Name xmodel_prims n AU
Cell Name sin_gen n ot

View Name symbol n all

Instance Name KPO off

OO O

Initial Delay
Damping Factor (1/sec) 0.0 off
| initial Phase 0.0 off

AM Offset 1.0 off

B AM Amplitude 0.0 off

1HiMousePopUp()

| ema: se:1 [

mouse L: schSingleSelectPt() AM Frequency 0.0 ot
6(10) | = .
AM Phase 0.0 off

FM Index 0.0 off

oD UoDUOUoDOooOoO D

FM Frequency 0.0 _DTI‘

23

m - Cancel o\ Apply o\ Defaults o\ Previous o[® Next' . Help ':AT|ON“‘

DV
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More XMODELPrimitives Explained

AModels a linear analog filter with its gain, poles, and zeros

1N AThis example models a bandpass filter with two poles at
filtar 15kHz & 150kHz and a zero at DC
(poles='{15k,0.0,150k,0.0} , zeros='{0.0,0.0} )

Alnstructs the simulator to record the simulated waveforms
ASupported file format: JEZ and FSDB
dump AVarious options available (e.g. level of monitoring depth)

DUMP

NNNNNNNNNNNNNNNNNNNNNNN
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Generating XMODELNetlist

XMODEL Testbench Editor

Testbench CellView

schematic n

AVM_LIB : EX1
. . . . ) Simulation | Design | Commands Cosimulation
Virtuoso® Schematic Editor L Editing: AVM_LIB EX1 schematic
Simulator . n
Launch File Edit Wiew Create Check Options Window BEREIEE Help
- Simulation Time 500us
T (T . g . = 2 [
* s © B % @ T2 ok covenconngurtion Q& B rieccae o

del Parameters e
ssErssmnEnsm Statistical Mode

Basic n =

Extra Options

<> Generate XMODEL Netlist

Display XMODEL Metlist

L

Run XMODEL Simulation

Menitor/Stop XMODEL Processes

Open Waveform Viewer

Add Waveform Probe

Cancel
Remove All Probes .

Run MODELZEN

Edit MODELZEM Properties

Set MODELZEN Options

About GLISTER

Check-in License

R: schHiMousePopUp() 1

cmd: seto [l

mouse L: schSingleSelectPt()
10(14)

M: schZoomFit{1.0 0.9)

scientific analog

S\ Aeply ) _H

»

Generate Netlist
Display Netlist

EX1.sv - /users/jaeha/projects/appnotes/UVM_tutorial/xmodel.sim/AVM_LIB/EX1.. - O X

File Edit Search View Document Project Build Tools

EX1lsv 3%

Help

?H XMODEL/SystemVerilog netlist for AWM LIB:EX1.schematic

// Generated on Jan 10 06:26:39 2023

“include odel
module EX1 ();

// signal declarations
xreal in;

xreal out;

// instance declarations

filter #(.gain(1l.1le-05), .poles('{15000,0.0,150000,0.0}),

DUT (.out({out), .in{in));
sin_gen #(.amp(1l), .freg(5000)) XPO (.out(in));

// inline dump statements

initial begin
$xmodel_dumpfile("xmodel.jez");
$xmodel_dumpvars("level=0");

end
endmodule // EX1
line: 25725 col: 0 sel: 0 RO SP  mode: LF

.zeros("{0.0,0.0}))

encoding: UTF-8
LYV

CONFERENCE AND EXHIBITION
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XMODELSIgnal Types

AXMODElLntroduces two new data types:

xreal : for continuoustime analog
', !

signals in evendriven format e
xbit : fortiming-accuratedigital _T -
signals (e.g. clocks or pulses) ~

AGLISTERan automatically detect the type of each signal durimgglisting

and insert typecoercing connectors as necessary
2023
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Running XMODELSIimulation

XMODEL Testbench Editor

Testbench CellView

schematic n
Simulation | Design = Commands | Cosimulation

-

AVM_LIB : EX1 :

Simulator
Simulation Time 500us
Timescale 1ps/ips

Statistical Mode (S

Extra Options

A

i >i<— Run Simulation
w <— Plot Waveforms

Cancel

Apply

Help

Virtuoso® 6.1.8-64b - Log: /users/jaeha/CDS.log

27

= n] x

File Tools Options Help

cadence

Vs T NN (W)
[/ 7|_t ¢ / _
A Y

|
I:!|_ ANALOG/MIXED-SIGNAL SIMULATOR
XMODEL Release 2022.11 (x86_64)
Copyright (c) 2012-2022 Scientific Analog, Inc.
All rights reserved and patents pending.

FEATURE 'XMODEL' has been successfully checked out.
Version: 3.0 (full)

Expiration: 31-dec-2023

License type: local

#FLEX1m:
#FLEX1m:
#FLEX1m:
#FLEX1m:

TOOL: xmverilog

21.09-s005: Exiting on Jan 10, 2023 at 06:33:40 KST

(total: 00:00:04)

*%% XMODEL/Xcelium simulation was completed on Tue Jan 10 06:33:40 2023 (#77d1f2ee).

started at: Tue Jan 10 06:33:35 2023
ended at : Tue Jan 10 06:33:40 2023
total time: 00:00.04

*%% XMODEL simulation is successfully completed.

nmouse L: schSingleSelectPt() M: xmodelOpenTestbenchEditor()

R: schHiM ousePopUp()

: : : I
ANote: this process is equivalent to executing:

$ cd $XMODEL_SIMDIR/AVM_LIB/EX1/schematic

$ make runsim

scientific analog

1
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The xmodelLauncher Script

AXMODElLsimulations are basically SystemVerilog with additional libraries
and we use a wrapper script callethodel to provide consistent interface
with different SV simulatorsX{celium VCS, Questa)

ABasic usage:

$ xmodel EX1l.sv -- top EX1 -- simtime 500us -- simulator|[ vcs|xcelium|questa |

AUse - commantoption to see the actual commands executed, e.g.:

$ xmodel EX1l.sv -- top EX1 -- simtime 500us -- simulator vcs -- command

2023
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Viewing Waveforms

AClick m Open Waveform Viewer start XWAVE
AClick *+ Add Signalsicon on the bottom to browse & select signals

Zoom to fit Zoom area Pan Use Cursors

= m] x

r 1‘ ‘
L Jd

Pagel | +

Signals Values ‘Waveforms

2023
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Simulated Waveforms

AFor a 5kHz input with 2)swing ¢1~+1V), the output has ~655m\wing

XWave Waveform Viewer

ile  View
r 1 ‘ r/""\‘ ‘ y
| .
E M= @ EE

Page 1 +

Signals Values Waveforms

W WO:EXLin 0

output

W WO:EX 1 out 0

2023

+ Add Signals

DVLCON
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Lab Exercise #1 (cont'd)

ATry different input frequencies and check how the output swing varies

Signals Values Waveforms

Output @ SOkHZ soomH\ 4L L ) WO A VOO Y A T 2 W A . A Y § N DO Y B VO A T A A O 5 VOO A T A O A

| i DO |

output @ 500kHz

B W2EXlout

'3°°m| i i i i )3

= 1 1 1 1
+ Add Signals 0 100us 200us 300us 400us 50(XTION™

DVLCCON
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Lab Exercise #2

AWe want a reatype inputfREALto control the input sinusoid frequency
APlace proper primitives in the empty boxesAWM LIB.EX2: schematlc

Virtuoso® Schematic Editor L Editing: AVM_LIB EX2 schematic
E E Wi ieck Options Window GLISTER Help (aden(e
= c%}»@uxorx ¢ R-T-Z-F-IQQQEH|T 1L 1LE-®E
RE @ [ 2 Iy o B B~

TEEERIENENR

mouse L: schSingleSelectPt() hiZoomin() R: schHiMousePopUp() .lND VERIFICATION ™
23 | d seto [l

CONFERENCE AND EXHIBITION
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Lab Exercise #2 Explained

ZDI ATANAT
1 I «—> 0 ad /N[N b
Ut A Ut B Ut
real to xreal
fREAL [Pp—— rcal xreal =——p f 7 i 7 . »lax+b —P in
mod saw phase sine
integ_mod poly func

Areal_to_xrealprimitive converts a realype inputfREALto anxreaktype signal

Ainteg_modprimitive produces a sawtooth signshwwith a frequency equal tt(REAL
and an amplitude equal to 1 by computimgegral(x) modulo 1

AWe want primitiveA to scalesawby 20 to produce a phase sweeping sigmpélase
AWe want primitiveB to produce a sinusoidal wave fropmase 2023

DESIGN AND VERIFICATION™
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Hint for Lab Exercise #2

AChoose your answers from thefienction primitives:

d
2 {3

scale power deriv pwl_func
X
-1 I x| - = - - a /X
abs_func sin_func exp_func sgrt_func
DESIGNANDVE%QC%T%N“‘
DVLCON

NNNNNNNNNNNNNNNNNNNNNNN
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Solution for Lab Exercise #2

AThe answers arestaléd' (with scale factor of*M_PI) and sin_func"

Virtuoso® Schematic Editor L Editing: AVM_LIB EX2 schematic

- o x
Launch File Edit View Create Check Options Window GLISTER Help cadence
U e dld 0 mX 0T o ¢ BT -2-F-QQQAE|T 1L 1M 8E
- - TR - = g N Y [ -

| =— |

o3

. | | o

INTEG_MOD L oo | POLY_FUNC ' ' ' I >
w

T

f - S : nj . : i - a*x+h

INPUT .

mouse L: schSingleSelectPti) M: _schHiSave(} R: schHiMousePopUp() 1
6(10) | =

| cme: seo [l 2023

DESIGN AND VERIFICATION™
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XMODELTestbench View

ACan define testbench settings with customized set of files and command:

ATestbench viewAVM_LIB.EX2:thadds a toplevel testbench source file
that gradually increasefREALfrom 5kHz to 500kHz

tb.sv X
: 1 1
Choose TB view named 'tb .
module tbh ();
MODEL Testbench Editor x XMODEL Testbench Editor x real fREAL:
Testbench CellViglh wu s ww s uus, Testbench CellView
AVM_LIB:EX2: 'fb = D AVM_LIB:Ex2: (P n D // DUT FIXTURE
x Y =) EX2 FIXTURE (.fREAL(TREAL));
Simulation | Design = Commands | Cosimulation Simulation Deslgn Commands Cosimulati
) B // input stimulus
Simulator \ E? Top-level Module th \Q Sinitial begin
Simulation Time 1200us Dependent Cellviews and Files fREAL = 5.0e3; // 5kHz
) #(400us) ;
Timescale 1ps/1ps <o Name |T3"]J | <> _ 1 .
_— .-lﬂh'M nld@: E e M i s s s EEEEEEEEEEEEEEEEEEEEEER e lhicw _ fREAL - 159&3" ii 15kHZ
Statistical Mode = i File : #(200us) ;
Extra Options @ GahssssssssEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE @ fREAL = 50.08e3; // 50kHz
\ #(200us) ;
Additional testbench file fREAL = 150.0e3; // 156kHz
D D #(200us) ;
fREAL = 500.0e3; // 5080kHz
#(200us);
Y Add Cellview Add File Edit Remove Y -end
dmodul
m Cancel Apply Help m Cancel Apply Help endmodute

DVBDN
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Simulated Waveforms

AThe filter output shows different amplitude for each input frequency value

Signals Values ‘Waveforms

500K

fREAL 00k -

300K |-
W WO0:tb.FIXTURE.fREAL 5K

Input ssom |-

| WO0:tb.FIXTURE.in 800m 800m

W WO:tb. FIXTURE.out 8.8u M NG NG IO VU o Wy e e A VLR AR AR AL
: ' H

output 0 oonoon ‘5 I e :

ey IO et AR ...................................... * ............................. ...... 1818 Al II||| lylmw L] | | -
RS 66mvpp _________________________ 114 ______ \{gp* @I NV 3 "'.'i ___________________________ :60mvpp _____
+ Add Signals | [I) 20l|3us 40{|Jus 60{|]us BOOus lnl"is 1. 2 g™

DVLCON
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Lab Exercise #3

AOpenAVM_LIB.EX3: —ooeeen. = s
schematiccellview

@ S-F-Q K EEgsl L= mE
Besic - R ) (RS - R

ii®egveial*

APlace proper primitives |
In the empty boxes to | | | |
measure the peako- N FISVE S SRt FP% B N
peak swingof the - igrise |

filter's input & output

trig_rise { i

schkiibousePopUp()
ma: se:0 [l

2023

DESIGN AND VERIFICATION™
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Measurement Primitives of XMODEL

AMeasurement primitives measure the characteristics of signals at a time
Instant or over a time interval indicated by trigger signals

AA variety of measurements are possible by combirtingger & measureprimitives

AAs8C8 | AAOOOEIT ¢ OEA AAI AU AE£EOI T OX060 bli
vi trigl
(xreal) vl —» trig_rise J
— {0
meas_delay |—» delay
— from
(xsblit) sl —» trig_posedge g2
«—>
delay DESIGNANDVE%QC%T:ISON“‘
DVICOIN
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Hint for Lab Exercise #3

AChoose your answer from one of theseasurement primitives

MEAS MEAS MEAS
== VALUE === — AVG = — PP —
L 4 Al 4 Ak
I I 1 I |
meas_value  meas_avg meas_pp

scientific analog

MEAS MEAS
— RMS — DELAY ==
’-9 | X
I | I |
meas_rms meas_delay
DESIGN AND VE%QC%TISON“‘
DVCON
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Solution for Lab Exercise #3

AThe answer isieas_pp

cadence

Atrig_rise primitive
produces a signditig
triggering every period

Ameas_ppprimitives
with from/to timings
triggered bytrig
measure every period's
peakto-peak values

scientific analog

trig_rise LU

i@gveial+

schHiMausePopUp()
cmd: seto ]

2023

DESIGN AND VERIFICATION
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Simulated Waveforms
ASimulation results with the testbench viedaWM_LIB.EX3:tb

Signals Values Waveforms

500K

fREAL sy

300K |-

W WO:tb. FIXTURE.fREAL 5K

iInput

W WO:tb.FIXTURE.in 800m

output

W WO:tb.FIXTURE.out 8.8u

PPA in

W WO:tb.FIXTURE.PPA_in

596mwm\

o ,‘;
II)N'"

PPA out

WO:tb.FIXTURE.PPA_out

BOOus lms - 12

i -
. L L L
+ Add Signals | 0 200us 400us 600 _ I
LV Lo LJI]
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Block-Level vs. CircuitLevel Models

BlockLevel Model
(Sighaiflow Model)

ol — N\
\
=1/
\
A A network of blocks where

signals flow in one direction
only

Us;

scientific analog

CircuitLevel Model
(Conservative System Model)

Iin Iout

+ —W—p=o,

+ . i
Vin <I> A®in R Vout
_C | O_

A A network of circuits whose state is
described by voltages & currents

Ae.g. loading effects 2023

SIGN AND VERIFICATION™
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Need for CircuitLevel Models (CLMS)

ACircuitlevel models are the most natural way to model switching,
nonlinear, and loading effects in analog circuits

Switching Behaviors Nonlinear Behaviors Loading Effects
N
l R
ck - ckb <§/W 1 C‘?NV—‘
' G
Po*o— iE
C C:k °_| Om Re |_°
}f’o—-—» out A GE
ckb- —C |
Vgoc%%m
DVC DN

NNNNNNNNNNNNNNNNNNNNNNN
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CLM Support INXMODEL

AWith the XMODE circuit primitives, one can describe analog circuits
directly by listing their elements and devices

AXMODElIlcan simulate these models in SystemVerilog in an ednten
fashion without using SPICE

module sc_converter(

In input xreal in,
output xreal out,

Ck -- Ckb input xbit ck, ckb
' )
O— xreal nl, n2;
Ck switch swl(.pos(in), .neg(nl1), .ctrl(ck));

C ‘ switch sw2(.pos(nl), .neg(out), .ctrl(ckb)):
oO——> Out switch sw3(.pos(n2), .neg(out), .ctrl(ck)):
switch swd(.pos(n2), .neg( ground), .ctrl(ckb));
Ckb" — C capacitor #(.C(1e-12)) Ci1(.pos(n1), .neg(n2));
capacitor #(.C(1e-12)) C2(.pos(n2), .neg( 'ground)); 2
v endmodule 5N AND VE%QCAT:ISON“‘

=V C O N

NNNNNNNNNNNNNNNNNNNNNNN
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Structural Model Generation

AWith CLM support, one way to autextract models from circuits is:
AModel each device in the circuit using tKMODElcircuit primitive
ABuild the circuit model by connecting the device models as in the original circuit

R

o[ Om o

RC
A
Ce 18/2
XNICEHldPnenitsves

scientific analog

module ctle

(

" input_xreal inp ,inn,

* output_xreal

);

xreal sp, sn
xreal vdd;

vsource

isource

nmosfet

#(.mode("dc"), .dc(

V1(. pos(vdd), .

#(.mode("dc"), .dc(

11(. pos(sp), .-
12(. pos(sn),.

outp , outn

/l input signals
// output signals

vdd))

neg (‘ground), .in("ground));

b /2))

neg (‘ground), .in('ground));
neg (‘ground), .in("ground));

#(.Kp(Gm), .Vth(Vth))

M1(.d( outn ), .g(

M2(.d( outp ), .g(inn), .s(

resistor #(.R(Rload))

capacitor #(.C(

resistor #(.R(

RL1(. pos(vdd),.
RL2(. pos(vdd), .
Cload ))
CL1(. pos(vdd),.
CL2(. pos(vdd),.
Rc)) RC1(.

capacitor #(.C(Cc)) CCI1(.

endmodule

inp ), .s( sp), .b(ground)),
sn), .b("ground));

neg(outp )),
neg ( outn ));

neg ( outp )),

neg (outn ));
pos(sp),. neg(sn));
pos(sp),. neg(sn));

2023
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MODELZEN Auto-Extract Bottom -Up Models

AMODELZENan auteextract bottom-up models from analog circuits

ACan extract both circuitevel models & functional models
AModel parameters are calibrated via SPICE simulations
AExtracted models also simulate in an evairtven way

& A&

SPICE/Spectre Input Netlist Topology Device Model Output Model
Netlist Parsing Analysis Fitting Generation

scientific analog

=N I 7|c =
XMODEL
Netlist
2023
DESIGN AND VERIFICATION™
DVLCON
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MODELZENwvith GLISTER

AWith MODELZEN & GLISTERuU can autecreate analog models from
circuit schematics just with a single mouse click!

MODELZEN mﬂﬁ@ E]@ﬂ

Virtuoso® Schematic Editor L Editing: modelzen_ex ringosc schematic

Launch File Edit View Create Check Opfions Migrate ﬂmdnwmﬂelp scientific analog . modelzen. 33 m @ﬂ

o Editfview Configuration

x
= Edit Model Parameters s J L) z* Y 'l:f 8
1 Open Testhench Editar S @ @ scientific analog 2019 Release

LB @4 0 Ex QLo
- - || #orkspace: Lﬂ ==

| Havigator 7 x|

¥ Default B

Generate XMODEL Metlist
Display XMODEL Metlist

Main | Input | Output | Signal | Simulation

O\ n b Run XMODEL Simulation
N progress.
i ringosc = Open Waveform Yiswer o B
B LT Gspine) it Wasforn Probe Generatmg Models nput File
E15 12 (spinv) Remove &ll Probes Jmodelzen.run/netlist/modelzen_ex.ringosc:schematic/netlist
B = 13 (spinv) _
B 1 (spinv) b
: h Output File or Directory
015 15 (spinv) Edit MODELZEN Froperliss utput Hie or Directary
B = 16 (spinv) cancel e o i
B 17 (spinv) u Set MODELZEN Options Jmodelzen.run/model/ringosc.sv =
E-§= 18 (spinv)
B = 19 (spinv) About GLISTER ) Configuration File
o Check-in License -
- ne " Jtech_config.py
1 n3
{ n4 Design Information File
. n3 ¥
| Jmodelzen.run/netlist/modelzen_ex.ringosc:schematic/dbinfo_ringosc.xml
Property Editor 7E X

modelzen. —r
Automatic Model Generator
2023

DESIGN AND VERIFICATION™

2| - ErEny Dv
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Two-Stage Op Amp Example

AStructural models can be constructed correctly without requiring analog
expertise, but have limited simulation speeds due to their complexity

<

Virtuoso® Schematic Editor L Editing: AVM_LIB OPAMP schematic - o x ] xmodel.sv - /users/jaeha/projects/appnotes/UVM_tutorial/cadence/AVM_LIB/OPAMP/xmodel - Geany (new instance) - O X
Launch File Edit View Create Check Options Window GLISTER Help cadence File Edit Search View Document Project Build Tools Help
UP @O0 @X0T » e -7 -Z-F-JAQAE B 1L 1LE»E xmodel.sv X
3 ~ L - L= :ﬁ ErR I CEET - B module OPAMP (out, en, en_b, inn, inp, vbias, vdd, vss);

3|

t xreal en;

t xreal inp;

t xreal inn;

t xreal en_b;
t xreal vss;

t xreal vdd;

t xreal vbias;
t xreal out;

13 1

Fas
v

parameter real m = 1.0;

3V

xreal n@;
xreal nl;
xreal tail;
xreal vbn;

pmosfet #(.W(le-06), .L(9e-08), .Vth(e.552), .Kp_data('{0.36,2.513e-06,0.552,1.954e-05}), .Ro(2.39
pmosfet #(.W(3.2e-05), .L(1.8e-87), .vth(0.6), .Kp_data('{0.24,1.571e-07,0.408,3.747¢-06,08.6,1.692
pmosfet #(.W(3.2e-05), .L(1.8e-87), .vth(e.6), .Kp_data('{0.24,1.571e-07,0.408,3.747¢-06,08.6,1.692
nmosfet #(.W(le-06), .L(1.8e-87), .Vth(e.6), .Kp data('{0.264,1.424e-06,0.432,2.85e-05,0.6,0.00012
nmosfet #(.W(6e-06), .L(1.8e-87), .Vth(0.6), .Kp data('{0.264,1.436e-06,0.432,2.873e-05,0.6,0.0001
nmosfet #(.W(4e-06), .L(1.8e-87), .Vth(8.6), .Kp data('{0.264,61.435e-06,0.432,2.871e-05,0.6,0.0001
nmosfet #(.W(1.2e-05), .L(1.8e-07), .Vth(0.6), .Kp_data('{0.264,1.438e-06,0.432,2.876e-05,0.6,0.00
diode #(.model("pwl"), .R_data('{ INFINITY,0.24,35800,0.408,1501,0.6,332.5}), .Cpos(1.262e-29), .C
nmosfet #(.W(4e-06), .L(1.8e-07), .vth(0.6), .Kp_data('{0.264,1.435e-06,0.432,2.871e-05,0.6,0.0001
nmosfet #(.W(5e-07), .L(%e-08), .vth(©.528), .Kp data('{@.36,1.324e-085,0.528,0.0001}), .Ro(614000)
capacitor #(.C(4e-13), .m(m)) €@ (.pos(nl), .neg(out));

pmosfet #(.W(le-06), .L(1.8e-87), .Vth(0.6), .Kp data('{0.24,1.556e-087,0.408,3.711e-06,0.6,1.676¢-

|
| endmodule 23
R: schHiMousePopUp() |

ATION™

mouse L: schSingleSelectPt{) M: schZoomFit{1.0 0.9)

23) cma: set:o [l] line: 37/38  col: 0 sel: 0 INS SP  mode:LF  encoding: UTF-8 filetype: SystemVerilog  scope: unknown

Vv
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Functional Model Generation with UDM

AUserDefined Model(UDM) interface of MODELZENEets you generate
higher-abstraction modelsd.g.functional models) for selected parts of

the circuits

Voltage Reference

Nagise 7 8%
4 Netsand Pins
a -]
=
L
ng
/- E
1 newmz
L oup
a
-
4 D1F

value

scientific analog

Amplifier
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Control Logic Block Example

AMODELZENenerates a functional model for a circuit identified as a

combinational logic ¢omblogidJDM)

Edit MODELZEN Properties for Instance Group x .
User-Defined Model (UDM) Mapping Virtuoso® Schematic Editor L Editing: AVM_LIB BPF_CTRL schematic - o x
Model comblagic n ile Edit View Create Check Options Window GLISTER Help cadence
Port Mapping =] ‘%’ 0 m X @ T// € AS'T"E'%' QU '-\‘E\"T :“a 1 1 2 = [3
ctl_byp in - | Level 1.2 - Basic ' = & s :Iﬁ il ) | |3§ a- n -
ot _byp.b LU - Level 1.2 B O ¢
ctl byp_bb L1 n Level 1.2
el in n s 1.2 SRR Cr Y e Ny
ct_c1 b GO - | Level 1.2 L - N Y RN DI
ctl_c1_bb ot K@ Level 12
ctl_c2 L) n Level 1.2
tlc2h T - | Level - S B Ny P ]
ctl_c2_bb out n Level T [ = M
ot r2 CO - | Level 1.2
ctl_r2_b out n Level 1.2
o B e L e e NNl
wdd e - | Value 12 O : ARDEEN N 22 PR
ves S | Value 5.0 B D Y I

Option Parameters

No. of Parallel Threads 1

m Cancel Defaults Advanced... Help

mouse L: schSingleSelectPt() M: schZoomPFit(1.0 0.9} R: schHiMousePopUp()
5(7) cmd: Sel.0 [l]

scientific analog

xmodel.sv - fusers/jaeha/projects/appnotes/UVM_tutorial/cadence/AVM_LIB/BPF.. - O X

File Edit Search View Document Project Build Tools Help

xmodel.sv ¥

// UDM MODULE UDM_INSTG® BPF CTRL comblegic
module UDM INSTO@ BPF_CTRL comblogic (out, in, vgnd, vpwr);

output reg [0:7]

input [©:3] in;

out;

put xreal wvgnd;

parameter real m = 1.0;

Ealways @(in) begin

= case (in)
4'boo0O: out =
4'boeoLl: out =
4'b0010: out =
4'beO1l: out =
4'belee: out =
4'b0O101: out =
4'b0110: out =
4'b@111: out =
4'bleee: out =
4'ble@l: out =
4'ble1@: out =
4'blell: out =
4'b1180@: out =
4'bl101: out =
4'bl11@: out =
4'b1111: out =

- endcase

“end

endmodule
line: 68 /102 col: 15 sel: 0

t xreal vpwr;

g'blelelele;
8'bloleleal;
8'bleleelle;
8'blele0lol;
8'ble011010;
8'ble011001;
8'bl0010110;
8'b10010101;
8'bellelele;
8'bollel010;
§8'bellelele;
8'b01101010;
8'b01lle1016;
8'b01101010;
8'b011010106;
8'b01101016;

INS

SP

mode: LF encoding: UTF-8  filetype: Syste ™

DV
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Lab Exercise #41

/Generate SV model from a YTy T Y —
programmable bandpass o Th—
filter example using MODELZEN . SR
AAVM_LIB.BPF_PROG:schematic [l

AExamine the generated model ..
stored as the cell’zsmodelview R e e S
AAVM_LIB.BPF_PROG:xmodel | L T

R: schHiMousePopUp0

scientific analog
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Generated SystemVerilog Model
MV M_L I B ] B P F_P R O G | de E 7 _ *'“-s - Jusers/jacha/projects/appnotes/UVM_tutorial/cadence/AVM_ LIB/BPF_PROG/xmodel - Geany (new instance) o

TN XMODEL/SystemVerilog model generated from ./modelzen.run/netlist/AVM LIB.BPF_PROG:schematic/netlist
/ By MODELZEMN (XMODEL Release 2022.11 (x86_64)) on Tue Jan 10 14:12:42 2023

‘Xxmodel

// TOP-LEVEL MODULE BPF_PROG
module BPF_PROG (out, ctl byp, ctl cl, ctl_c2, ctl r2, in, vbias, vdd, vss);

“input xreal vss;
input ctl_cl;
input ctl c2;
“input xreal in;
input ctl rz;

I'he model preserves i

input xreal vbias;
“input xreal vdd;

the hierarchy of the =~ =

wire ctl byp b;
wire ctl byp bb;

- L] L] L L
wire ctl cl1 b;
original circuit design @b
wire ctl_c2_b;
wire ctl_c2_bb;
wire ctl_r2_b;
wire ctl_r2_bb;
xreal netl;
xreal net2;
xreal vref;
xreal CONN_XREAL® ctl byp_b;
xreal CONN_XREAL® ctl_byp_bb;

) CONN_® (.in(ctl_byp_b), .out{CONN_XREAL® ctl byp b));

bit to xreal #(.level®(0.8), .levell(l.2) ||
1.2)) CONN_1 (.in(ctl_byp_| IJIJJ .out(CONN_XREAL® ctl byp bb));

bit to xreal #(.levele(.8), .levell(l.

SUB_BPF_PROG_OPAMP #(.m(m)) IOPAI-IP (.out(out), .en(CONN_XREAL® ctl _byp_b), .en b(CONN_XREALO®_ctl byp bb}, .inn(net2), .inpivref), .vbias(vbias), .vdd(vdd), .vss{vss));

SUB_BPF_PROG C2 CTRL #(.m(m}) €2 (.neg(out), .pos(net2), .ctl byp(ctl byp bb), .ctl byp bictl byp b), ctl_cz(ctl_cz_bb), .ctl_c2 blctl c2 b));

SUB_BPF_PROG C1 CTRL #(.m(m})) C1 (.neg(net2), .pos{netl), .ctl byp(ctl byp bb), .ctl byp blctl byp b), .ctl cl(ctl el bb), .ctl cl blctl €1 b));

SUB_BPF_PROG_REFGEN #(.m(m)) IREFGEN (.out{vref), .en{CONN_XREALG ctl byp_b), .vdd(vdd), .vss(vss)];

resistor #(.R(200000), .m(m)) Rl (.pos(in), .neg(netl));

SUB_BPF_PROG_R2 CTRL #(.m(m)) R2 (.neg(out), .pos(net2), .ctl_r2(ctl_r2 bb), .ctl r2 b(ctl_rz_b});

SUB_BPF_PROG tgate #(.m(m)) sw4 {.a{in), .b(out), .g{CONN XREAL® ctl byp bb), .gb{CONN XREALO ctl byp b));

SUB_BPF_PROG BPF CTRL #(.m{m)} ICTRL ({.ctl byp b(ctl byp b), .ctl byp bb{ctl byp bb), .ctl cl blctl cl b)
.ctl_rz_bletl_rz_b), .ctl_rz_bblctl_r2_bb), .ctl byp(ctl byp), .ctl_cl{ctl cl), .ctl_c2(ctl c2), .ctl_r2

: .ctl cl bbictl cl bb), .ctl c2 bictl c2 b), .ctl_c2 bb(ctl_c2 bb),
{ctl_r2), .vdd(vdd), .vss({vss]);

endmodule
line: 64 /373 col: 18 sel: 0 INS SP  mode: LF  encoding: UTF-8  filetype: SystemVerilog  scope: unknown

Lt V Lo LJIN
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Lab Exercise #42
ANow place the symbol =—ecoe .. - ‘

instance oBPF PROG
Into our fixture and

run simulation
AAVM_LIB.EX4:schematic

AThis fixture also includes:

- A - A

Adc_genprimitives for ey CONSLBL
supplyingvdd, vss vbias — :

Aconst_bitprimitives for
setting the control bits

scientific analog
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Solution for Lab Exercise #-2
ACompleted fixture schematic with thBPF_PROGell

Virtuoso® Schematic Editor L Editing: AVM_LIB EX4 schematic * - o x
Launch File Edit View Create Check Options Window GLISTER Help cadence
U Bdld DmX 0T s ¢ o-17-2--|QAQAFH|%B 1L 1L BB

- o - | I [ - R

a*x+b
mod

2023

mouse L: schsingleselectPt) M: hizoomin) R: schiMousePopUp() DESIGN AND VERIFICATION™

M o Pvc o
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FEBRUARY 27-MARCH 2, 2023



Simulated Waveforms
ASimulated results with the atioc testbench vievAVM_LIB.EX4:tb

Signals Values Waveforms

500K

fREAL o |

300K -
W WO0:tb.FIXTURE.fREAL 5K

iInput

W W0:tb.FIXTURE.in 800m

output

W WO0:tb.FIXTURE.out 798.8m

PPA in

W WO0:tb.FIXTURE.PPA_in

PPA out

WO:tb.FIXTURE.PPA_out

p _________________ 1_2_4__m__\4,p ___________________________________________________ |

DN ™
LJ\ILJLJrQ

CONFERENCE AND EXHIBITION

+ Add Signals
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Completed Fixture Module for Analog BPF

module FIXTURE (
IF BUS FREQ IN,
IF BUS AMPL OUT

);

xreal in, out;

xreal vdd, vss, vbias;

xreal freq, saw, phase, sine;

xbit trig;

// DUT instantiation
BPF PROG DUT(

.out(out), .in(in),
.Cctl c1(1'b1), .ctl c2(1'be), .ctl r2(1'bl), .ctl byp(1l'be),
.vdd(vdd), .vss(vss), .vbias(vbias)

);

// sinusoidal input generation
real_to_xreal ICONN (.in(FREQ IN.fREAL), .out(freq));

integ_mod IINTMOD (.in(freq), .out(saw));

scale #(.scale(2*M PI)) ISCALE (.in(saw), .out(phase));
sin_func ISINFUNC (.in(phase), .out(sine));

poly func #(.data('{0.8,0.1})) IPOLYFUNC (.in(sine), .out(in));
// peak-to-peak amplitude measurements

trig rise #(.threshold(0.8)) ITRIGRISE (.in(in), .out(trig));

meas_pp IMEASPPO (.out(AMPL OUT.PPA OUT), .in(out), .from(trig), .to(trig));

meas_pp IMEASPPI (.out(AMPL OUT.PPA IN), .in(in), .from(trig), .to(trig));

scientific analog

Interface busses connecting
to driver/monitor (more later)

AA source file located in:
UVM_TB/FIXTURE.sv

Instantiation of the BPF
<~ DUT modelLab #4)

Generation of variablefrequency
«~ sinusoidal input(Lab #2)

Measurement of input & output
/ peakto-peak amplitudes(Lab #3)
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— mmm 58
Completed Fixture Module for Analog BPF (2)
UVM_TB/FIXTURE.sv (cont'd) AAdded parts for test sequencing:
de_gen #(-value(1.2)) TVDD (.out(vdd)); AfREALvalue is updated with the
dc gen #( value(6.7)) TVBTAS (.out (vbius)); positive edge oPKT_CLK
;itg_f_;g;?t_f_o’&ig?er marking the completion of measurement AThe negatlve edge d?KT_CLK
xbit to bit ICONN TRIG (.in(trig), .out(TICK)); |n|t|ateS the measurement
& initia!. begin: MEASURE _ _
@(posedge FREQ IN.PKT CLK); AThe completion triggeTOCKis
= forever begin
T @(negiﬂ?;Fgﬁﬂim_cm; toggled when the measurement
repea ; . . . .
| TOCK = ~TOCK; triggertrig (=TICK is toggled 5 times
end: .
" ":'j‘S”Rf t . AThe monitor component samples the
eeaing test-management signals roug
assign AMPL_OUT.TOCK = TOCK; PPA IN& PPA OUTvalues when
assign AMPL OUT.TAG = FREQ IN.TAG; TOCI_<iS to Iea (more |ater)
endmodute: FIXTURE ™ Forwarding the TAG value 99 5003
DVCON

CONFERENCE AND EXHIBITION
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Part I: Summary

AWe learned how to build a fixture module that includes:
AAMS device under verification (DUV) modeled in SystemVerilog; and
AAnalog instrumentations for generating stimuli and measuring responses

ATo do so, we used:
AXMODEIlprimitives inGLISTER compose the analog instrumentations
AMODELZENo auto-extract SV models from the analog circuits

ANext step is to build a UVM testbench around this fixture module!

2023

DESIGN AND VERIFICATION™
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2023
pviC o~ Part |l Buillding UVM Testbench

for AMS Circuits

FEEBERUARY 27-MARCH 2, 2023

CharlesDanéak
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Part Il: Contents

81. Key UVM Features
82. A Basic Filter Test

83. Driver and Monitor

84. A UVM Scoreboard
85. Run the Test Suite
§6. WrapUp

scientific analog
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81. Key UVM Features

AUVM testbenclorganization
AFunctions of UVM objects

AA typical TLM path for packets
AVirtuakto-physicalbus"bridge"
AA phased UVM simulation

AA configurablemachine

Note: Text in angle brackets (« ») indicates noncritical code
whose details are omitted to avoid cluttered slides.

scientific analog
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UVM Testbench Organization

Test-Suite Object:

TEST_SUITE
L 4

—— Reference 4’_-\
Tl “Wodel SPICEGenerated

_/
Select at Run Time scoreboard ReferenceModel
fINT, MODE, Q=w—»(—> 105 0.048
TINT x MODE ﬂmﬂ . E 3352

. D EXP
Functional 120: 0083 | gar

GOLD REF
Coverage

ACT
GAIN

TLM Port Agent, Monitor

TLM Path /..——> <& Database

AGNTM
A AGNTD —
e | —

(Broadcast) @) [ =
Agent, SEQ{1,2,3} {VMIF: MIF}
sy  Driver VMIF

Side fINT uvm config db e
ReusableClassBased ~ Sd: | & ______________ —
Hierarchy —~— | T [mafon LT Module FIXTURE
DRV VDIFO.“[;;;.? Contro ?“"I;us Wlth DUT
. "/ !

AThe analog filteDUTis instantiated in dixture module.
AVirtual interfacesDIF and MIF connect it tocomponenthierarchy.

AData packets travel between the components Via\ paths. DVBQI(Z)IQIS\I

CONFERENCE AND EXHIBITION

scientific analog

Y 27-MARCH 2, 2023



Functions of UVM Objectq1/2)

ADriverapplies stimulus t®UT, over the interface

AGNTD\\
busDIF. It is aware oDUTtiming requirements. SR )
APacketscarry transaction (stimulus + response)
data between the componentLM ports. ) )
AA sequencesupplies driver with a sequence of I R
transactions that contain untimed stimulus data. e DIF
AThe driversideagentis a container class that EE ) )

InstantiatesDRVand SQR connecting their ports. Driver-Side Agent

scientific analog
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Functions of UVM Objectq2/2)
AMonitor gets theDUTresponse via interface bus
MIF, at appropriate time in each cycle. It then

assembles this data into a packet and forwards it
up to the scoreboard.

_— e T
SCB

AMonitor-sideagentis a container that instantiates

AXMZQ
AF’MI?
MONconnecting itsAPM@ort up to higher levels. APHE
AScoreboardcollects stimulus and response packets,
then evaluates the results of each transaction.
//Gain discrepancy for packet N:
gERROR\ = gACTUAL gEXPECT

) VMIF
MON
AGNTM
Scoreboard storeshe |
errorsinto an array
scientific analog
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Monitor -Side Agent
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Construct vs. Create

Another DUT Command-Line Specified Test -~e
B2 UVM Testbench: LDO Regulator - O x /'/\
= —-=-—"— ~ 2 L
2 Nam Type Valuw a B
I - il B
é 4 uvm test top TEST LDO TRIML6 @341 7 —.l
O 5 E o ENVIRONMENT @354
6
5 |5 em e e 5
9 8 SQOR uvm sequencer @39
T 9 AGNTM AGENTM 72
(7} 10 MON LDO TRIM16 MONITOR @582
% 11 SCB SCOREBOARD @381
- 12 ———m
O (* File = DRV_PKG.sv, Line = 108 *)
function void build_phase( AS
Factory-CreatedDriver Component DRV= DRIVER:type id:: create ("DRVthis );

Aln OOPtestbenches, class objects are constructednga().
AUVMlets youcreate ()an object through a factory mechanism.

AThen one type of driver can lseibstitutedfor another, etc. N €107

scientific analog
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A Typical TLM Pathway

CovG

coverpoint fINT Oe——a—>
coverpoint MODE

AGNTD.APDZXonnect (
COVG.analysis_export

);

U .-
%J 8 g APD1<“>
. Qs gz
Broadcasting c S 3 ___
Stimulus Data Sl E
to SCB, COVG © 0 g o
© c g
n O <
£ 0 >
£ E &

APDB.write(TX_PKT);

SCB

TLM FIFO
(Detail)

AXD2 TX_FIFO

TX_FIFO.get()

AGNTD.APDTonnect (SCB.AXD2);

AGNTD

TLM Port AP Constructed
in DRVbuild_phase

write()  Broadcasts

DRV Packet to Subscribers

o

AAn OOPtestbench conveys packets throughF#FOmailbox object.
AUVMuses a mailbox abstractioriransactionrlevel TLM1 pathways.

AEach pathway is built byonnectingits TLM ports together.

scientific analog
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Virtual to Physical Bus(1/2)

/IVirtual interface type:

Defined inDATA_PKG typedef  virtual BAND_IF VIF_t;

/I UVM_TB module stores key - value pair: Value Supplied
Called Erom uvm_config_db #(VIF_t) :set( IsType VIF _t
initial Block .cntxt (null ), //Where in hierarchy?

.inst_name (" uvm_test top.E.AGNTM. MON),
//DB resource: KEY VALUE
field_name ("Key VMIF), .value( MIF)

Configuring Module ) I
Storesthe Value E ) ¥ j Configuration
At Time0.00 {Key_VMIF MIF} Database
AOOP testbenches utilizaew() to connect virtuaMVMIFto physicalMIF.
AUVM insteadstoresphysical bus instancelIF in a decentralizedlatabase.

AWhat is stored is effectively@ointer to the physical bus instance.

AThevaluestored under nam&ey VMIFis then retrieved byyON st o D -
DV LN

CONFERENCE AND EXHIBITION

In Topmost Module
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Virtual to Physical Bus(2/2)

: /IMonitor's virtual - interface bus:
Declared inMONITOR VIF_t VMIF:
function void build_phase( uvm_phase phase);
uvm_config_db #(VIF_t) :get(
CalledDuring cntxt(  this ), //Monitor component itself.
build_phase of Monitor Inst_name( "™ ), //Leaf cell with no children.
//DB resource: KEY VALUE

field_name( "Key VMIF"), .value( VMIP
);

Configurable Component \, FIX MIE .
RetrievesStored Value { Key_VMIE MIF} \ sumnnd) VMIF
AMONalls static methodyet () to retrieve valueunder field name.

APointer to bus instanc®lIF known as avirtual interface.
2023

AVMIFis now aclass variabl@ointing to a physical bus. rescusoirenio:

NNNNNNNNNNNNNNNNNNNNNNN
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A Phased Simulation

build_phase

e

CIaSSuvm phase

/\
V¥ APDO / DRV

task run_phases A §(K
wait(!VDIF.RST);

s

run_phase

extract_phase

. forever begin... ) report_phase

At Time 0.00:
FComponent classesuilt.
FConfigurationset / get().
FETLM portsinterconnected.

Advance $time

Runtill all objections have
been dropped, and UVM
system callssfinish()

Finally:
EEXxtractscoreboard data.

FCheckfor discrepancies.
FReporttest-suite results.

AUVM phasingautomatesthe successive stages in a simulation.
AThusduring run phase, evenyin phase() taskis executed.
AAs the phase beginghreadsfor these tasks are forked off. AV A T4

scientific analog
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A Configurable Machine

Untimed Sequencing o ¢ Phasing
Source Code \ i 307 \

Components and Methods

> Test Results

Configuration Parameters : :
J Reporting Mechanism

Connection Ports

AMechanical analogyUVMresembles aonfigurable machine.
AProvides thenfrastructureneeded for any complex testbench.
2023

AUtilize only thefunctionality you needo verify theDUT. rescusoirenio:
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g2. A Basic Filter Test

AA basic test scenario
AWhy use UVM packets?
ALab #5: Code a packet

AA stock UVM sequencer
AGenerate a packedtream
ASimulate the packestream
ADUT-specific timing budget
ALab #6: Code a sequence

scientific analog
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A Basic Test Scenario

fINT :32 PPA_IN : 200 mV

Driver DRV f REAL 32 kHz PPA_OUT: 164 mV  Monitor MON
Disassembles Measures
Packet Fields DUT

Signal Values

DIF : -

MIF
0110 —»

Values Driven

Filter FIX Assembles
Onto Signals Values Into a Packet
ee oo gACTUAL= PPA_OUT/PPA_IN;

ATo test a bandpass filter DUT, we want to build a UVM testbench that

measures the inputo-output gain GACTUALatrandomized frequenciQ%QSé

DESIGN AND VERIFICATION™
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Wwhy Use UVM Packets?

Typical class PACKET extends uvm_sequence_item;
UVM P TN —
Packet //Packet tag' . fINT
int TAG = 0; —
//Stimulus fields:
RandomVariable rand int fINT; //[Range 5 -- 500 kHz.
Storing Frequency real fREAL,; /[Equivalent, in Hz.

//Constrain fINT to design range:
_ constraint fRANGE_con {
Constrainsthe Range fINT inside { [5:500] }:
of Frequency Values }

_ _ Packet Class
«continued on next slide »

AData in a packet class can edomizedandconstrained.
AUsing dynamic class objects avoidlst-of-memoryissues.

APlainvariables? array orstruct ? lack these features.

scientific analog
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Reusing the Packet Class

«continued » :
//Called after .randomize(): _"T r
. . function void post_randomize(); —_
fr{gciu%r;]cayésaia;gdorpltzgd fREAL = real '(fINT * 1e3); -
n : rea endfunction: post_randomize |
Measure its Coverage 0.164 V
[/Measured amplitude:
real PPA_IN, PPA_OUT; //IV.
Constructor £O6T AOET 1T 1 AxsAsK
Must Call

supert T Axs A8 K

super.new () endfunction: new

MeasuredValuesfrom DUT
are put into Packet
endclass: PACKET Packet Class

AThe same packet type is used on the monitor side, maximizinge.
AMonitor readsPPA _IN & PPA_OUfrom MIF bus, writes them into a packet

D VERIFICATION™
CON
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APackets are sent up tecoreboardto compare with reference daDt%N 2023

scientific analog

75



Lab #5: Code a Data Packet

| (* File = DATA PKG.sv, Line=32%) _ ___| &OT T U AOAAAC
(1) Insert UVM base class cla.ss. I.DA.\C.KET extends «uvm_base_class »\ |ndlcate source
/IStimulus field: filename and line
«qualifier  » int fINT; /15 -- 500 kHz. number.
(2) MakefINT random. real fREAL; /[Equivalent.

//Constrain fINT to design range:
constraint fRANGE_con {

(3) Constrain to audio range } fINT inside { [ «range»] };
//I\/.Ieés;u%e;:l output (volts): Packet Object
(4) SpeCIfy data type «type » PPA _IN, PPA OUT,; TX_PKT
endclass: PACKET
AReplaceangle-bracketedhints with SystemVerilog code
2023
ARun make lab5 to check your syntax s oo

NNNNNNNNNNNNNNNNNNNNNNN
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Lab #5: Solutions

(1) Insert UVM base class

(2) MakefINT random.

(3) Constrain to audio range

(4) Specify data type

(* File = DATA PKG.sv, Line = 32 *)
class PACKET extends uvm_sequence_item;

/[Stimulus field:
rand int fINT; /15 -- 500 kHz.
real fREAL; /[Equivalent.

//Constrain fINT to design range:
constraint fRANGE_con {
fINT inside { [5:500] };

/IMeasured output (volts): _
real PPA_IN, PPA_OUT: Pacrit ;)KbTJECt

endclass: PACKET

AEach packet represents origansaction? stimulus or response.
AFieldfINT will be randomized during the packetquence.

scientific analog
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— = /8
A Stock UVM Seqguencer
oo (* File = DRV_PKG.sv, Line = 85 *) Typed Base ClassSequencer
S § class AGENTD extends uvm_agent;
E O h\}rﬁ_ééquencer #(PACKET) SOR; Driver-Side Agent
o ©° DRIVER DRYV;
O c ~n e A e A e e A s AGNTD
AOI AOEI | OTEA AOEI AMPEAOAsS ALK
SQOR = new("SQR", this); SQR
bﬁ\./:.D.RIVERcreate ("DRV,this ); -
endfunction: build_phase
= 2 AOT ACGEIT T O1 EA A'I'TTAAON\DEAOAM\SKT
GE) & -DI.?\-/.«'pbrt ».connect (SQR.«export »); =
o % endfunction: connect_phase VDIF s
OF endclass: AGENTD DRV
AA sequence of packets is sent to the driver by$hgquencer.
: : 2023
AThe driver declares but does not itseltreate? packets. BV TR

scientific analog
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Generate a Packet Stream

class SEQ FILTER extends uvm_sequence #(PACKET); { o
? o PACKET TX_PKT;//Declare packet. u e Knob
j= % task body(); //Generate packets. il
o = 48m0+4 " 0! #+%4AA0OAAOAs At K +TRIALS3
o for ( «Loop for TRIALS ») AGNTD
begin:LOOP
8 E start_item (TX_PKT); >QR
SR~ ++TX_PKT.TAG; //Integer ID field. —
c g TX_PKT.randomize(); //fINT randomized.
- finish_item (TX_PKT); z
end: LOOP _
endtask: body Tgplcal Ui 4
equence VDIF
endclass: SEQ FILTER DRV
g

AA sequence of packets is implemented asuaimed algorithm.
2023

ADriver will apply fields t&/DIF, until this sequence inished. SRR

CONFERENCE AND EXHIBITION
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Simulate the Packet Stream

E# UVM Testbench: TRIALS = 12 - O >
_____________________________________________________ s
T fINT RY gACTUAL. - gEXPECT = gERROR.
TAG TAG (OUT/IN) (HSPICE) Rgndgm
————————————————————————————————————— eed:
’ 1 82 kH=z 1 0.807570 - 0.797575 = 0.009995 1279
2 41 kH=z 2 0.859233 - 0.853325 = 0.005908
3 77 kH=z 3 0.820436 - 0.810763 = 0.009673
4 98 kHz 4 0.763185 - 0.752410 = 0.010775
5 107 kH=z 5 0.737411 - 0.726343 = 0.011068
TRIALS 6 10 kH=z 6 0.452455 - 0.452721 = -0.000266
lterations 7 40 kH=z 7 0.857331 - 0.851576 = 0.005755
8 93 kHz 8 0.777381 - 0.766811 = 0.010570 .
9 32 kH=z 9 0.828604 - 0.824218 = 0.00438B6 SPICELIke
10 59 kHz 10 0.857222 - 0.849071 = 0.008151 Accuracy
11 90 kHz 11 0.785794 - 0.775364 = 0.010430
L 1z 46 kHz 12 0.864688 - 0.858066 = 0.006622 ‘
Worst—-case |gERROR|: 0.011068 over 12 trials. <
L

ASimilarly, when taneasurePPAvalues is left up to the monitor.

ANotice scoreboard checks fonatching TX_TAGNARX_TAG  ceauoraidon:
DVICON

CONFERENCE AND EXHIBITION
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DUT-Specific Timing

“5 Bandpass Filter - SimVision

File Edit View Explore Format Simulation UMM Windows Help

Path,Mame &

LL

&= A&, |VH_TE,DIF, THG

Ei] l'ﬁ IWH_TE,DIF,FINT
-l WH_TE,PKT_CLK

v UNH_TE,FIX. Win

_BO0F

~af e |NH_TE,F LK, TICK
..... EE Fixture outputss

'.' UYM_TE,HMIF,PPA_OUT

E"""'.' UYM_TB,FIX, TOCK

@(VMIF.TOCK);

a X

cadence

AWe applythe random frequency on active clock edges.

AANd beginmeasuringPPAupon inactive clock edges.

scientific analog

Guideline:

Write the DRVand MON
code from an explicit
timing diagram.
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Lab #6: Code a Sequence

(1) Insert type of packets

(2) Specify for loop.

(3) Packet type

(4) Randomizerand fields.

(* File = SEQ_PKG.sv, Line =09 *)
class SEQ FILTER extends uvm_sequence #( «type» );

PACKET TX_PKT,;//Declare packet.

task body(); //Generate packets.
48m0+4 7 0! #+%4AA0AAOAs ALK

for ( «Loop for TRIALS »)

begin:LOOP
start_item («PKT_object» );
++TX_PKT.TAG; //Integer ID field.
«Randomize TX_PKT»
finish_item (TX_PKT);

end: LOOP

endtask: body

endclass: SEQ FILTER

A UVM Sequence

AReplaceangle-bracketedhints with SystemVerilog code.

scientific analog
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Lab #6: Solutions

(1) Insert type of packets

(2) Specify for loop.

(3) Packet type

(4) Randomizerand fields.

(* File = SEQ_PKG.sv, Line =09 *)
class SEQ FILTER extends uvm_sequence #( PACKE)l

PACKET TX_ PKT;//Declare packet.

task body(); //Generate packets.
48mM0+4 " 0! #+% A AAOAAOAs AL K
for (int I=1; | <= TRIALS : I|++)
begin:LOOP

start_item (TX_PKT);
++TX_PKT.TAG; //Integer ID field.
TX PKT.randomize();
finish_item (TX_PKT);
end: LOOP
endtask: body

endclass: SEQ FILTER

A UVM Sequence

AAll DUT-relatedtiming detailsare left up to driver and monitor.ﬁsm\?wﬁﬁ?c%%w

scientific analog
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83. Driver and Monitor

ATypical component: driver

ADriverrun_phase () task

AThe SEQ DVRhandshake

AMonitor setupcode

AMonitor run_phase () task

ABuilding a typicalgent i

NNNNNNNNNNNNNNNNNNNNNNN
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Typical Component: Driver

class DRIVER extends uvm_driver #(PACKET);

VIF_t VDIF; /[Virtual interface.

£OT AOEI 1T O EA AOGE]I Amp
[[Associate instance DIF with VDIF:
«Use uvm_config_db to get VDIF. »

endfunction: build_phase

task run_phase(uvm_phase phase);
wait('VDIF. RST);

endtask: run_phase
endclass: DRIVER

Task Code Set-Up Code

Driver Class

PACKET TX_ PKTj/Declare a packet. /

P |
AGNTD\
fINT DIF
DRV
A - J

ADriver is a typicatomponentderived from a base class.

ADoes not create a packetbut pulls it downfrom SQR

AExtractsfINT from each packet andrives itinto the DUT.

scientific analog
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Driver Task:run _phase()

(* File = DRV_PKG.sv, Line = 48 *) | Built-In TLM Port
task run_phase (uvm_phase phase); :
W&It('VD”:RST), (Fromuvm_drlver )
forever seq_item_port
begin:LOOP //Drive at active edges:
@(posedge VDIF. PKT_CLIK
seq_item_port. get next_item (TX_PKT);
/I Bus Signal [ Packet Field APDO
VDIF.TAG =TX PKT.TAG; O
VDIFfINT =TX_ PKT.fINT; fINT
..... - VDIF et
seq_item_port. item_done (); ... DRV DIF
end: LOOP g
endtask: run_phase Driver Task Port APDds Not Built In

AEach component'sun _phase() taskruns concurrently.
AEvery loop iteration begins atctive edgeof PKT CLK

ASame packet is broadcast, ®D(Q to SCBand COVG s s SRR

DVLCON
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The SEQDRVHandshake

1) Sequencestart_item () waits for (2) Driverget_next_item () pullsdown item
driver to ask for the next packet. from SQRwaiting until its pointer is received.

class SEQ_FILTER extends uvm_sequence...

task body(); . K :
A8MO+4 " 0! #+%4AAO, taswgﬁgvg?gjc’sg#")m—phase phase);
for ( «Loop for TRIALS ») forever TX_PKTArgument
begin:LOOP begin:LOOP
start_item (TX_PKT); @ (posedge VDIF.PKT_CLK);
----- . seq_item_port. get_next_item (A);
TX_PKT.randomize(); VDIETAG = TX_PKT TAG: ™ .
finish_item (TX_PKT); VDIFfINT = TX PKT.fINT: Apply Stimulus
end: LOOP C e .
endtask: body Sequence seq_item_port. item_done (); ...
endclass: SEQ_FILTER end: LOOP .
endtask run_phase Driver Argument Optional

(3) Sequence fills packet fieldCalling
finish_item () sends completed packet (4) Driver applies fields tov/DIF. It callsitem_done () ,

to driver. Sequence loop then blocked. unblocking next iteration of the sequence.

2023

AFour*item * tasks do a fulbequencedriverhandshake.
DVLCON
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Monitor Setup Code

class MONITOR extends uvm_monitor;

//Get PPA_OUT off bus; put in packet: Packet to Scoreboard

VIF_t VMIF; /IVirtual interface.

£O1 AOETIT OI EA AOEI AMPEAOAsA DEARD
APMO = new("APMO", this); .
uvm_config_db #(VIF_t) k k CADWIFR
endfunction: build_phase

Set-Up Code

APM@
task run_phase(uvm_phase phase);

wait('VMIF. RST; () VMIF

endtask: run_phase Monitor Class

Task Code

PACKET RX_PKT//Declare a packet.
uvm_analysis_port #(PACKET) APMO; [PPA

K

MON

endclass: MONITOR AGNTM

AMonitor declares a packetwill latercreate itand fill its fields.

Alt constructs the analysis poAPM®@ which isnot built-in.
ADeclares andjetsa pointerVMIFto physical busMIF.
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Monitor run _phase() Task

(* File = MON_PKG.sv, Line = 58 *)
task run_phase (uvm_phase phase);
wait('VMIF.RST);

write()  to Scoreboard

forever Mid-Cycle
begin:LOOP //Sample at 4 tick: Measure ﬁ:l
() :
S @(VMIFTOCIK o
8 28mM0+4 7 0! #+"RAPRTDAAOAS
- Il Packet Fields [ Bus Signals
% RX_PKT.TAG =VMIF.TAG;
— RX_PKT.PPA OUT = VMIF.PPA_OUT; APMO
Aﬁ’MdWrite (RX_PKT); //Send up. PPA
end: LOOP e VMIF

endtask: run_phase Monitor Task MON

AMonitor assemblegpacketRX_PKTrom the signals oivMIF

AActual PPAis assigned arounchid-cycleto a packet field
2023

AMethodwrite ()sends up the filled packet to scoreboard. — ssesevéncsen

DVLCON
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scientific analog

Building a Typical Agent

= (* File = MON_PKG.sv, Line = 93 *) Guideline:

2 class AGENTM extends uvm_agent; Ports arenot factory-created

&2 uvm_analysis_port #(PACKET) APML; ? they never undergo a test

8 MONITOR MON; specific factory substitution.

AOT AOET 1T OIT EA AOEI AMPEAOASs A ¥ARML
APM1 = new( '‘APM1", this);
-/ .7 /cre)até( 'RM®N this

) endfunctlon bund _phase T

I e A e APME

) £O01T AGETT OITEA AiT1TAAOMD

&

<, MON.APM@onnect (APM1); = VMIF

[© endfunction: connect_phase —

% endclass: AGENTM AGNTM

L
AEachagenttypically handles a specific bus mterface to thBT
AThIS agent createmionitor I\/IONand constructg LM port APM1

g 2023

AThenconnectsexistingMONort APMQ@o the agent portAPM1 VIR

NNNNNNNNNNNNNNNNNNNNNNN
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84. A UVM Scoreboard

AScoreboard architecture
AScoreboard setup code
ALab #7: Find Worsf gERROR

05: 0.067

Z
32: 0.082

4
120: 0.069

4

500: 0.047

2023
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Scoreboard Architecture

“include /lArray: Volts  kHz
SPICE typedef real AA t [int ];
Look-Up AA_t GOLD_REF_DATA &included »;
05: 0.067

Table B T
05: 0.067 - SCB 220082 .

E t g — Associative Array
32: 0.082 of ~500real Values
120E_ 5555 ¥ e ‘\ gEXPECT gACTUAL
e D i TLM FIFO

. . LL LL .

x I x Y (Symbol View)
AXD2 IgERROR[F0.828M.824 AXMZ
_ _ 0.004 _ _
Driver-Side Packets\ App1 APM Monitor-Side Packets

ASCBcomparesactualmeasured gain againstxpected.
2023

ALooks upgeEXPECTrom the includedSPICEeference table.  ssgyprinten
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Scoreboard Setup Code

class SCOREBOARDextends uvm_scoreboard ;

AA t GOLD REF DATA; //Look -up table.

real PPA_IN, PPA _OUT; //Measured amplitudes.
PACKET TX PKT, RX_PKT//DRV- side, MON - side.
«TLM exports AXD2, AXM2

. «uvm_tlm_analysis_fifo TX_FIFO, RX_FIFO»
DUT-Specific - - - -

Scoreboard «function void build_phase () , connect _phase () »
«task run_phase () » //Call GOLD_ REF_GAINFfINT ).

«function real GOLDREF_GAIKiInt fINT_arg )»
«function void extract phase ()» //Max 0ogERRO®

Set-Up Code

Task Code

endclass : SCOREBOARD

ATaskrun _phase() compares)EXPECVersusgACTUAL

05: 0.067

Z
32: 0.082

Z  §
120: 0.069

E ¥

GOLDREF_GAINB2 kHz)
A 0.824 : ExpectedGain

ACallsGOLDREF GAIKR to look upgeEXPECExpected forfINT .

ANext packetsare retrieved fronFIFGs by callingget ().
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Lab #7:

No Return
From void
Function:
Assign result
to gWORST

Find Worst| geRROR

(* File = SCB_PKG.sv, Line = 194 *)

/* Find worst  -case ogERROR OAIl OA AAOT 00 AgEQROR[TRIALY

* Errors were stored in array gERROR[1:TRIALS].
* Return worst case to class variable gWORST.
*/
real gWORST = 0.0;
function void extract_phase( )
real gERROR_ABS;
«Loop statement»
begin:EXTRACT
«Take absolute value of element.»
«Compare to gWORSThen update.»
end: EXTRACT

Scoreboard
endfunction: extract_phase Function

0.0099

0.0059

0.0097

0.0108

0.0111

-0.0003

[

N S SN

: 0.1043

: 0.0066

AReplaceangle-bracketedhints with SystemVerilog code
ARun make lab7 to check your syntax
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Lab #7: Solutions

(* File = SCB_PKG.sv, Line = 194 *)

/* Find worst  -case ogERROR OAIl OA AAOT 00 AgEQROR[TRIALY

* Errors were stored in array gERROR[1:TRIALS].
* Return worst case to class variable gWORST.

*/
real gWORST = 0.0;
function void extract_phase( )
real gERROR_ABS;
foreach(gERROR][L])
begin:EXTRACT
gERROR_ABS (QERROR[] < 0.0)?

0.0099
0.0059
0.0097
0.0108
0.0111
-0.0003

0.1043
0.0066

B
N

“gERRORY]] : +gERROR] L];

if ( gERROR_ABS yWORST
gWORST -gERROR_ABS;
end: EXTRACT

endfunction: extract_phase

B | E Z

UVM_INFO @ 14ms E.SCB [SCORE]
Worst-case | geRROR 0.01129

ATheforeach loop is independent of the number GRIALS
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85. Run the Test Suite

ATopmost UVM module

AA testsuite component
AUVM testbenchopology
ALab #8: Final testbenchrun

NNNNNNNNNNNNNNNNNNNNNNN
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Topmost UVM Module

Topmost Module

AThis module is the top blookiaboratedby the SystemVerilog simulator
Alt instantiatesthe fixture, DUT, and both physical interface buses.
Altsinitial  block calls aivm root task: run _test (). o B2,

NNNNNNNNNNNNNNNNNNNNNNN
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