sImlATs

f\C i(v

Mixed-Signal Test Development

using Open Standard
Modeling and Description Language

Ping LU, Daniel Glaser, Klaus Helmreich

Chair of Reliable Circuits and Systems
Friedrich-Alexander-University Erlangen-Nuremberg

Tel: +49-9131-85-23114
E-Mail: pinglu@lzs.eei.uni-erlangen.de

. © Lehrstuhl fir Zuverlassige Schaltungen und Systeme
Friedrich-Alexander-Universitat Erlangen Nurnberg




Outline

® Introduction
=« Concept of Virtual Test
= Benefits of Virtual Test

= Background
= Critical Requirements

> Interfacing VT and Test System

» Model Implementation for Virtual Test
» ADC Case Study

BMAS 2009 Sep. 17-18 San Jose, California



Virtual Test ?

Host Computer Switching

v E F

Software/ . e ! = s 5
Test Program|—s—=— E Instruments | 3T« 1% | PDUT

& ra

Host Computer — —

P Bwitching Model = o

7 un - -
Software/ I/—""hx_ § =2 = =] 5| puTt
Test Bench lxm,f E Instrument § e o £ | Model

Models b ™

Virtual Test Environment

General test system architecture and its VT counterpart

> Allow tests being simulated with models of the device
under test (DUT) and the target test environment
» Elements: DUT, Instruments, DI, Software

> Allow test program being developed and debugged within
pure simulation environment
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Benefits of Virtual Test (VT)

» Cut time-to-market / time-to-volume

» Reduce test costs

> Enhance test debug efficiency & test quality
» Enhance design verification

> Decrease test development time
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Background

> Major research directions

> Test Program Emulation
» Test program debug
= No support for test simulation

> Separate HDL-based simulation Environment
= Accuracy test simulation
» Platform independent
= No support for test program debugging

» Co-simulation between tester’'s software and simulation
environment
» Test simulation lively interactive with test program execution
= Platform dependent
= Heavy cost
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Critical Requirements

|
Virtual u - R : -
Tester ‘

> Interface between VT and test system

> Sophisticated simulation library for test environment
> Simulation efficiency

> Integration
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Outline

> Introduction

® Interfacing VT and Test System

* Intermediate language
= QSA Compliance
= System Qverview

» Model Implementation for Virtual Test
» ADC Case Study
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Interfacing VT and test environment

/| P\
Intermediate Language
N /

\Virtual ;

Tester |

> Test information

= Circuit setup; waveform (stimulus, measurement); timing; etc.

> Intermediate language
= EDIF, WAVES, STIL, ATLAS
» |[EEE 1641 Standard for Signal and Test Definition (STD)

» Modeling language
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IEEE 1641 Signal and Test Definition (STD)

> Accurately define parameters and behavior of test signals
» Roles: source, conditioner, sensor, event, digital, connection

» A mean to describe the test intent
= Signal waveform; timing; location

> A mean to describe resource capability

» Language-independent
» Descriptive language - Information transfer
» Executive language - simulation
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IEEE 1641 Signal and Test Definition (STD)
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/~* Construct, Configure %/
bsc2 = static_cast<Noise<SYNC> *>(RM.Require("Noise","bsc0"));
bsc2 ->amplitude = "0.1V";

 Clock bsc2 ->seed = static_cast<unsigned int>(std::time(0));

- =—

\
!
. EventZonditioner !l_,

i MotEvent bsc3 ->frequencyBand = “100Hz";
h
\ Logical I{,M /~* Connection %
T MOrEwent connect (bsc2->out, bsc3->in, trace_t);
I'\ AndEvent connect (bsc3->out, bsc4->in[1], trace
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.'f TwoWWireComp
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\ FourtireResolver

"-.\ SynchroResalver

|\ Series
\

[\,_MonElectrical

\ DigitalBus

bsc1 = static_cast<Sinusoid<SYNC> *>(RM.Require("Sinusoid",

Ve

FrababilityEvent

— PulsedEvent

—————————  bsc1->amplitude = "pk 1V errimt 0.05% resol 1mV";
_EBventCount bsc1->frequency = "1.5kHz";

EventedEvent g
—- bsc3 = static_cast<Notch<8> *>(RM.Require("Notch"
bsc3 ->centerFrequency = “1500 Hz";

connect (bsc1->out, bsc4->in[0], tra
connect (bsc1->sync, bscO->out,

ams

4ms 6ms Bms lams l4ms l6ms 18
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System Overview

> Integration

> Critical Interface
= |nformation Interface
= Driver Interface

> Simulation Environment
= SystemC/-AMS

> Tester Environment
* Modular Test System

Virtual
,r;- - lest import
. Environment | 4
El p=_ 3 = i
!?'iqu}mct - Test Tester's SW
‘ : D¢ scription

compile

Execution

intrument
interface

Signal Instrument
Simulation s Simulation & Capabilities

describe

Device Interface Board
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Outline

> Introduction
> Interfacing VT and Test System

® Model Implementation for Virtual Test
=« Modeling Paradigm
= Modeling of Instruments
= Modeling of DUT & DIB
= Tool chain

» ADC Case Study
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Modeling Paradigm

> Motivation
» Modeling effort vs. resource coverage
= Simulation efficiency vs. accuracy

> Analysis
Tester’s Device
DUT Testbench
Instruments Interface
Interested capabilities, signal distribution, sp?uc:]fgiaot:]on, circuit setup,
characteristics | performance, |load board design behavior. test data flow, post-
& tasks operations & verification algorit’hm processing
Considered -1 L1, L2, L-3 L1, L-2 _
abstraction level
Modeling datasheet, top-down from designer,| schematic entry,
Methodology identification refinement model extract | code generation
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Modeling of Instrument
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Example: Function Generator

("/** Standard Waveform */
ivifgen->stdFunc->Configure (“ch®”,Sinusoid, 3, @,
3000, 0);

/** Trigger */
ivifgen->trigger->Source = TriggerSourceExternal;
ivifgen->trigger.BurstCount = §;

\

~

list. I: test program (partial)

(HRESULT IIviFgenStdFunc::putAmplitude(double v {

— ——
— — —
—_— e ——— —

// forward settings to instrument
hr = InstrPrintCommand();
return hr;

HRESULT hr = S_0K;
H%@ﬂmﬁmﬁrr_‘_“‘=EJQMMH
— // forward settings to the simulation model
{ m_Fgen_sim->FgenStdFunc.putAmplitude (val);\
\\H} return hr; #‘,,/

list.2: instrument driver (partial)

( Capability (FGen):
Source of Sinusoid Signal
amplitude

Range OV to 5.0V ;
frequency

Range 10Hz to TOMHz; Resolution 1Hz ; Accuracy 0.05Hz
Source of AM Signal ..

Resolution TmV ; Accuracy 0.1%

¢ ————SW —Caa!m[ Interface )

INSTRUMENT _MODULE (FgenStdFunc), publlc-lIVLFgenStdFunc L__ﬂ,
public

(-— **Imerfoce Y —— — — — — — — — — 7 —

sc_in<sc_logic> sync;

| sc_in<sc_logics gate; |
L sca_sdf_out<double> out |
’
J

T —— —

— 7 Wember Property %7 T T T T T T T} P Ty/p_eﬁg i

double DutyCycleHigh; /* Duty Cycle High : %

|

double Amplitude; /* Amplitude (pk-pk) : Volt*/ |

; |

IUiFgenWaveFormEnum Waveform;/* Waveform */ )

~— /A Tonstructor */ — T T T T T T r cf_'_f'__ ST
onstructor

| SC_CTORCFgenStdFunc): |

N o — — — — ———— — — e s e S S >y

private:
ks Pass parameters to std_bsc signal */
. _void configure(d ; __

=TT Conrect Signal Models ¥/ oo i

w_voidnetlistQ ; _ _ _ _ _ _ _ 2

/** Private Variables */

BaseChannel<> *m_channel;

__ £** Periodic Waveform */ __ _ _ __ __ __ __

::scoped_ptr<Sinusold<SYNC_AND_GATE> > sine

::scoped_ptr<Triangle<SYNC_AND_GATE> > triangle;

::scoped_ptr<SquareWave<SYNC_AND_GATE> > square; |

/*¥* DC Bias */

::scoped_ptr<Constant<SYNC_AND_GATE> > dc; |

/** Waveform + DC Bias */ |
|
|

;g;ml-@omp@%zenrc

boost::scoped_ptr<Sum<SYNC_AND_GATE,2> > sum;

S Multiplexer select one of the signal:

boost:

scoped_ptr<MUX<SCA SDF, 3> > muxl;

list.3: instrument information (partial)

list.4: instrument model (SystemC / -AMS)
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Modeling of DUT & DI

> Modeling of DUT

* For top-down design flow - direct adoption
* For bottom-up design flow -2 function extraction
= Empirical model -> high performance

» Modeling of DI

= Function module: function block, primitive components
» Signal path: primitives, transmission line
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Tool Chain — example: TPConstructor

{ TP Constructor noni ¥ STD BSC LiJrq § Source Code: schematicD.cop 506
= | Tree View r 2

=% BSCLb || - Test Bench of SystemC

sao0urce || - Generate on Tue Sep 08 18:21:07 2009
Conditioll| *-- Generate by TPConstructor

!

c0d8 @) Hsmaoa P P s & bWl R 2

ODEN new Save print | grogeon - select cut copy paste undo redo | zoomin zoomout zoom selected | pd stop build O EER & 6E tookbar

£

e
Vee ! - 1 #include "stdbsc/stdbsc_sim.h"
== BSCE 7 BSC Property Setting #include "utility/connect h”
'1':‘&'( S —— 1 L 1 1 "
== Clock [Basic infomation | artributes | Simulation Model | #include "device/device.h
= Q“ Basic Info: using namespace BSC_SIM;
N Signal Name: BandPass )
g SC_MODULE(schematic0)
—1| R Reference ID: |BSC2 { o
yHIL BSC10 /" -- component declaration -- */
T TR a: oltage boost:scoped_ptr<Bandpass<> > bsc2;
i = typ ‘m boost::scoped_ptr<Sinusoid<> > bsc4;
it . ; boost::scoped_ptr<Clock<> > hsc8;
- reftype: ‘ Time boost::scoped_ptr<Constant<> > bsc10;
PP boost::scoped_ptr<SerialDigital<SYNC_AND_GATE=> > bsc11;
description: A Bandp_ass fil boost:scoped_ptr=SmartRoute> conn;
—_—ur frequencies frao
Qinncnid equal gain acrd|/* -- Setup circuit-- */ v
" and filters out g void netlist();

BRI of the band. . ! :

faaiiEney THz I* - Configuration components — */

Fivace Tl ran Conneckion- void configure();

/" -- Construct func -- */
schematicO(sc_module_name nm) : sc_module(nm),
bsc2(new Bandpass<>("Bandpass_bsc2")), bsc4(new Sinusoid<

channels

netlist();
configure();
}
}

[* -- Setup Circuit -- */
void schematicO::netlist() {
conn{bsc8->out. ul->clk in): v

Come)
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Outline

> Introduction
> Interfacing VT and Test System
> Model Implementation for Virtual Test

® ADC Case Study
* Modeling of ADC
e VT Setup
* Test Results
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Modeling of ADC

oAl

] [ pU T UiNek

DAC |-

A modulator Decimator

Principles : Oversampling + Noise shaping
Features

16-bits stereo ADC

92dB Dynamic Range

90dB S/(THD + N)

64x Oversampling

4th-order integrator

1 bit output

3-stage, linear phase decimator

Z

%////// fsf2=fb N*fsf

Quantization noise power spectral density

V V V V V V V V
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2-A Modulator: Implementation

NTF(z) = (z"-2z+1)(z" -1.998z +1) |=:> SR - 070
(z7 -1.4922+0.5643)(z° -1.701z + 0.7868)

a=[0.0061 0.0524 0.2485 0.5560]
b=[0.0061 0.0524 0.2485 0.5560 1]
c=[1 1 1 ]

g=[0.0003 0.0018]

Yn (1bit)

¥

4-Stage CRFB
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3-stage Decimator Filter

> Purpose
= Filters the out-of-band noise
= Reduces the data rate to fs

> Feature :

Half Band filter

Transfer band: 0.1*fs

Stop band attenuation: >90dB

» Low pass band ripple: <0.006dB

Fir filter | Fir filter 2
Combo filter \
. 64*1s ‘ 64* 4% ' g% 2*1 l' fs o | 1
) From —p ‘ .‘ *](, > b s _4. *2 o . |'1"| » *2 nfl.ur »
Sigma-Delta | bit mﬂ"""b !2”)“ 21b |"|I ,.[I , l'l" O AT cept |16bit

3rd stage Decimation filter
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Test Setup
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Signals
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Test Results
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Test Results: examples

SINAD vs Offset

’é‘ 0.02
= 0 VOV Ay L LLa e
5 -0.029 qQ, SINAD Deviation vs INL value & location
= N Q7 R
:_: -0. 04 0
U —
= 0.06 —ap—\np = FS 0. 005
= -0.08 ——mp = FS + LSB =
= Amp = FS - LSB =
n —0.1 e = = -0.01
Offset Error (LSB 5 )
) £ -0.015
2
E -0, 02
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? ‘ 0. 025
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