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Background: Mixed-Signhal/RF Systems
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State of the Art in Test: Mixed-Signal SoCs

> Specification Tests

» Each test requires a
different setup
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Standard Specification Tests
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Key Issues:

Manufacturing test time: Relay
settling time (ms) >> actual test
time (usec) ! Test multiple specs.

Built-in test of complex
specifications: Difficult to place
test instruments and circuitry on-
chip for multiple specifications !

Post-manufacture and field
performance tuning: Tune
multiple specs while minimizing
power ? Need to tune devices
without extended test costs.
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Alternate Tests: Key Principles

e ° . S = f(M)
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Specification Measurement
space S space M
o Process
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> The mapping S=f(M) is derived using nonlinear
regression (multiple adaptive regression
splines: MARS)



Sighature Test Methodology
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Test Stimulus Generation

Circuit-under-test
Test Stimulus
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between measurements and specifications




it

Stimulus Search

% Best fitness value in a generation
@ Mean fitness value in a generation

v

A
OE =1
© Engineer : :
9 o Genetic Algorithm
125M 145M
0 0 146M 166M
366 * 2 * \ 135M 155M167M e 187M . Sesk 6300 Meas 6 EME
285.9 * R * 9 156M 176M g, azoam ] 51_-' . .
- 9177M IW'ZOQM @229M : ”.o‘ "
T Im'M 218M_|230M @ s T . R
RF @219M 239M
1 Freg 125MHz N
& Ranges 250 MHz
Power
T Budget ®
Discrete
+ Fgaq Migration
Amp. °
1 .. Q @)
Divide (o)) ) ©& 0 )
12.28 Space X %0 850 %% @2 e @, 0%% o
5) 000 6) ) (0)
4 Into 0’0 (&) 000y 0@
(@)
Ranges ". ° 8 “.
5.45) PO et AoArt oA A A e A Atk
5.31 PO A At A e
0 1 2 345 6 7 oo, 1C 1 0 SRR 50 80
Search j )
Time ¥ Decades Months Generations
Required Vears Weeks Days 9



30

Tl Precision Opamp

20

o
T

FASTest Stimulus (V)
=]

20+

—

VDD
VSS

VSET | |

0.2

g
2
(=t
(=

0.4

0.6 0.8

Normalized Time

FASTest Response

0.1

02

03

04 05 06
Normalized time (s)

07

08

09

1



Alternate Test: Performance
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Capability Study (Guardbands)

e For most specs, identical or better guardbands
resulted
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Hysteretic Buck Converter
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Signature-BIST: Overview
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Optimized Diagnostic Tests
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Signhature Based Model Parameter Estimation

Ability to diagnose parameters of embedded modules !
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Tuning: Learning Driven

Tuning Architecture Supervised Learning

DUT E Alternate

measurement space

Bandpass Low Noige
Filter Amplifie

specification M
space S pr edlct

ol

Tuning parameter

i Detection : !
i mechanism: | !

DSP| EVM, Null | |

1
1
1
1
1
1
1
o
o
Qo
-
o
=
m o
=
=T
L3
1
1

1
'Lowpass '
Filter Compensatidn for

noise (interference)

F and process!
Baseband variations E

Filter Amplifier Amplifier

Process space P

space T

« Ability to tune for multiple specs using single data acquisition

« Ability to perform near optimal tuning
« Minimal on-chip hardware overhead




_earning driven tuning algorithms
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_earning driven tuning algorithms

Frequency
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Experimental Results:
Full Receiver

Nommal Specs

Nomlnal 42.5 dB -11.5
dBm 7dBm

Lower bound | 41.5dB | -12.5 -
dBm | 8dBm

Uppetr bound | 43.5dB | -10.5 -6
dBm

One-Instance (P1)

o fin

+ Gain

i

1
Over 30%
Improvement;

* 207 possible knob combinations (P1) for yield recovery
* Power conscious knob combination (P1) : 0.5724W
* Converged Knob combination (P1) : 0.5724W




Post-Silicon Challenges

= Models for design bugs are not known a-priori and
must be detected, learned and diagnosis

* Need to automate generation of bug models using
learning algorithms

= Diagnosed bugs must eventually be mapped to
physical design parameters
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Model Tuning
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Test Stimulus Generation for Exposing Design
Bugs
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System Level Bug Learning
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Experimental Results: Maxim MAX2242 RF PA

Captures
hysteresis
and memory
effects
automatically




Diagnosis of Static Design Bugs
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PLL Experiments

Divide Freq.

by 10

- System stimulated by summing LP signal at VCO input

- System observed immediately prior to summing



PLL Experiment: Buggy VCO Output

-Results Summary-
PLL: Distortion in VCO Output
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Questions ?
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"I'd do better if she'd ask questions more closely
matching my answers."
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