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Generic Test Generation Modeling
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Generic Test Generation Modeling
Mechanism of SPICE netlist

”» N

) |
L aunch and controll

Launch and control "text"

Netlisterdys

o\ Text editor
XE! (=A AND\/anral\1 Q \
me .
Analog stimulus (current or voltage source): K
file VI$18 mclp vss SN 1.35 0.5 3000 ) ’

Sim] Mixed-signal test vectors (digital test pattern):
modify  MIH_ Test Har ness_ans( Har ness_ans) MNORO LANG=vhdl ans LI B=wor k
Y |1 $1240 Test Har ness_ans( Har ness_ans)
+ port : chbuscl k cbusda cbusenx
Analog response (impedances):
4 C1$9 vss earn 100p
| CI$8 vss earp 100p
RI$6 earp earn 33
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Generic Test Generation Modeling
Mechanism of VHDL-AMS description

~ —

il ~ Netlister
L aunch and controll

Launch and control "text"

— Text editor
XELGA ADVanceM S
L ) S, » .
) R
--Analog stimulus: y '\ *f

v_mclp = 0.5*sin(2. 0*nat h_pi *3. 0e3* NOWY+1. 35;

--Mixed-signal test vectors (digital test pattern):
genl: ENM TY Test Harness_ans(structural )
PORT MAR( cbuscl k cbusda cbusenx) ;

filg

--Analog response (impedances):
v_earp—= i _earp*R LQAD

data file
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Generic Test Generation Modeling
Test vector model

Test number TEST VECTOR MODEL
System

Procedure

WaitCycles I

DataAccess I

7  Copyright © NOKIA, All rights reserved IMSTWO02_pres.PPT/ 19.6.2002 / Vlo N D I(IA



Entity (testbench entity) /

ENTI TY TestHarness | S

GENERI C ( Test

System T_System:
END ENTI TY Test Har ness;

Architecture (test definition, test signa_!,s)"""

SI GNAL AuxD STD ULOG C,

CASE Test 1IS
VHEN 1

WHEN 2

VWHEN OTHERS
END CASE;

Generic Test Generation Modeling

Test vector model(cont’d)

Test number TEST VECTOR MODEL

: NATURAL

2,
GSM ;
Procedure

WaitCycles

DataAccess

=> NULL;
=> Test Audi oOonverter'ﬁs( CBusd k, CBusDa, CBusEnX, Dunp, CbusStatus);
=> NULL;
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ENTI TY TestHarness | S

GENERI C ( Test

Generic Test Generation Modeling

Test vector model (cont’d)

W Test number TEST VECTOR MODEL
Entity (testbench entity) - ' V Sten
' Signals
: NATURAL := 2; Test
System T_System:= GSM
Procedure

END ENTI TY Test Har ness;

Architecture (test definition,

SI GNAL AuxD STD ULOG C,

CASE Test 1IS
VHEN 1

WHEN 2

VWHEN OTHERS
END CASE;

WaitCycles

DataAccess

=> NULL;
=> Test Audi oConverters(CBusC k, CBusDa, CBustEnX, Dunp, CbusStatus);
=> NULL;
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Generic Test Generation Modeling
Test vector model (cont’d)

Package (test procedure declaration)
PACKAGE Test Package IS
PROCEDURE Test Audi oConverters (SIGNAL Cl ock
SI GNAL Dat alLi ne:
SI GNAL Enabl eX :

S| GNAL Dat unfut :
SI GNAL St at us

Package body (test procedure: timing and register controls)

Package body Test Package is

PROCEDURE Test Audi oConverters (SIGNAL O ock
SI GNAL Dat aLine: | NOUT STD LCd C;

SI GNAL EnableX : OUT  STD _ULCA C,
SI GNAL DatunQut: OUT  STD_ULOG C_VECT
SI GNAL St at us out T Status) IS

BEG N

Identify the test to the si
ASSERT (Fal se)
REPORT " Runni ng audi o ¢
SEVERI TY NOTE;

verters test 2.

IN STD _ULQA C;

| NOUT STD _LOG C;

OUT STD ULOA G

QUT  STD_ULOA C VECTOR;
OUT T _Status);

TEST VECTOR MODEL

Test number

Procedure

Wait Cycles (Status, C ock, 100, '0");
Dat aAccess (Chip, WiteDatum Audi oEnCtrl 1R, " XX00000000000000",
Cl ock, DatalLine, EnableX, DatunCut,
Wait Cycles (Status, Clock, 10, '0');
Dat aAccess (Chip, WiteDatum Audi oEnCirl 1R, "XX10010000000000",
Cl ock, DatalLine, EnableX, DatumCut,
Wait Cycles (Status, d ock, 500, '0');
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St at us) ;

St atus);

NOKIA



Extracted behavioral test generation
SPICE netlist testbench

SPICE netlist

V. 1$189 miclp vss SIN( 1.35 0.5 3000 )
C1%$9 vss earn 100p
C 13%$8 vss earp 100p

R1%$6 earp earn 33

eAutomatic generation

NOKIA
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Extracted behavioral test generation
VHDL-AMS coded testbench

VHDL -AMS

constant R LQAD :
constant C LQAD :

33;
100e - 12;

v_mclp == 0.5sin(2.0*math_pi* 3.0e3 *NOW+ 1.35 ;
v_earp_earn == 1 _earp_earn * R LOAD,

i _earp== C_LOAD*v_earp’ DCT,;

I _earn== C_LOAD*v_earn’ DOT;

eManual generation
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Extracted behavioral test generation

Extraction
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Extracted behavioral test generation

Extraction

Copyright © NOKIA, All rights reserved

S

I

SPICE netlist

los I
[3000
35 [

p vssSIN 1.35 0.5 3000)

vss earn 100p

V_1$189 micl

c1%$9

vss earp 100p

cl1$8

earp earn 33

R I $6

VHDL-AMS

| Testbench filter.vi

Iso [
[51f

l52 I
[s3 [

= 33;

constant R LOAD :

constant C _LOAD :

100e12;

| Relay switch.vi

IMSTWO2_pres.PPT/ 19.6.2002 rvio

"v_m' clp == 05*sin(2.0*mat h_pi *3. 0e3* NOW + 1. 35

R_LOAD;

ear p’ DOT;

i_earn== C_LOAD*v_ear n’ DOT;

_earp_earn *

C LOAD v,

p_earn == i
p::

v_ear

i_ear

Instrument driver.vi

SQOURce: FUNCt i on: SHAPe SI Nusoi d
SOUR ce: VOLTage 0.5

SOURce: FREQuency 3. 0e3

SOURce: OFFSet 1. 35

Relay matrix driver.vi

Rel ay setup Sn
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A case study

Behavioral model of sigma-delta converter

ENTITY sdm nod | S
GENERI C (A: REAL : =

:= 1.0
B: REAL := 2.0;
C REAL := 2.0);
PORT ( Sbwp ELECTRI CAL; )b/
SDVM ELECTRI CAL; Quantizer o
Y REAL : = 0.0);

ARCHI TECTURE behavi or OF sdmnod | S
QUANTI TY X across SDWP to SDWM

VARI ABLE St agel

REAL : -
VARI ABLE St age2 REAL : .
VARI ABLE Conparator : REAL .
A ..'
Stagel := Stagel + X - A* C* Conparator; o
Stage2 := Stage2 + Stagel - B * C * Conparator,; ,u"‘
g g g , np “““‘
|F (Stage2 <= 0.0) THEN
Comparator := -1.0;
Y <= V_M NUS;
ELSE
Comparator := 1.0;
Y <= V_PLUS;
END | F;

END ARCHI TECTURE;
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A case study

Behavioral model of sigma-delta converter (cont’d)

tune feedback coefficients ecreate test cases

everify stability — e specify test limits
: / e check test functionality
rl e create test vector patterns

everify S/N figure
e run mixed-signal
simulations

Analog stimulus (current or voltage source):
V_1$189 miclp vss SIN( 1.35 0.5 3000 )

Mixed-signal test vectors (digital test pattern):

. MODEL Test Har ness_ans( Har ness_ans) MACRO
LANG=vhdl ans LI B=wor k

Y_|1 $1240 Test Har ness_ans( Har ness_ans)

+ port : cbuscl k cbusda cbusenx

Analog response (impedances):

CI1$9 vss earn 100p

C 1%$8 vss earp 100p

RI1$6 earp earn 33
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A case study

Structural model of sigma-delta converter (cont’d)

SD modulator filter Quantizer

X Ji%J?;LHJi_D_ y

\4

1-bit DAC

dit Window

B Command File: testhench rmp codec final. cmd /
EH rmmp codec final th: mmp codec final thiwl):
B sd nod: sd _nod wfs_ans(structure)

integ 1. sc_integ_ds_ams(structure)
integ 2: sc_integ_ds_ams(structure)
integ _dac: sc_integ wWs_ans(structure)
guant: one-bit_quant_wfs_anms(structure)

- —_—
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A case study

Structural model of sigma-delta converter (cont’d)

— Structure + ]

B Command File: testhench rnmp codec final. cmd

BEH rnmp codec final th: rmp codec final thiwl): J
B sd nod: sd nod wfs _ans(structure)

Integ 1. sc integ ds _ans(structure)

Integ 2: sc_integ ds _ans(structure)

I nteg _dac: sc_integ wts_ams(structure)
guant: one-bit_quant ws_ans(structure)

}--.I |,--"Ia"'f

«find amplifier and quantizer specifications .~wmmmmmn.  <check test limits
«check clocking and timing j‘

—

) : s = check test vector patterns
«find switch parameters rl

NOKIA
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A case study

Typical structural parameters

/

_ R
| nteg 1

I nteg_ 2

| nt eg_dac

<Sampling capacitance
eIntegrator capacitance
eSwitch on resistance
eSwitch parasitic capacitance

OTA
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parameters:
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Rout
Cin
Cout
I
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/

guanti zer

\

el atch

eprogation delay

eComparator

*OTA parameters
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Results

eTest specification = extracted test generation model(s) and test limits

eTestbench- top-level description of device:
e Schematic based testbench

- a SPICE netlist

e A VHDL-AMS based testbench —a VHDL-AMS code
Mixed-signal behavioral modelling is very suitable for test generation:
e \VHDL-AMS models are accurate
e Available in early design phase
e Simulation times are reasonable
e Behavioral models are able to describe the silicon and real interface

signals

Performance figures. simulation time and S/N ratio

Accusim PowerMILL ACE AdvanceM S AdvanceM S
Behavioral Structural
Block level 28 days— 79.52 dB 26.4h-51.5dB 11 min—86.5dB 1.1h-81.5dB
Top-level NA 48 h 5.3h 16.0h
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Results (cont’d)

eReuse of design and verification
edifferent test platforms, different design environments
<Aid for test vector setup, test debug and verification

Task Design Engineer Test Engineer
Now / Savings [ my=man-year] Now / Savings [ my=man-year]
Design Specifications 6my/-1my Omy/0my
Test Plan Design 0 my/+0.5 my 1 my/-0.5my
Design & Simulate 8my/ Omy Omy/0my
Test System& Test Program Design Omy/+0.5 my 2my/-1my
Test system verification Omy/+0.2 my 1my/0my
Prototype Testing Omy/0my 1-2my/ 0 my
Design development gap 1my/-1my
Test development gap 1my/ -1my
ALL TOGETHER 15my/-0.8 my 5-6 my/-1,5my
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Results (cont’d)

eReuse of design and verification

edifferent test platforms, different n environments

eAid for test vector setup, test deb ation

i ) (\gs l?) £ N e (y=momyeat

Design Specifications a(s - G AV
(Ne ‘e )my

Test Plan Design Sa\,\ O

Design & Simulate a\ a p( oy
Test System& Test Progray” O’t m a( _aY[-1my
Test system verification 1 e 1my/0my
Prototype Testing (\y 1-2my/ 0 my
Design devel opment gap

Test development gap 1my/ -1my
ALL TOGETHER sy 5-6 my/-1,5 my
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Conclusions

= Generic behavioral test generation modeling is suitable for
generating and handling the complexity of mixed-signal devices

= Configuring mixed-signal instruments into different testcases can
be made In considerable time, new testcases are feasible to take
account

= A change in design-to-test flow
= Total development time of mixed-signal chips is shortened
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