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Motivation

To Develop an Analog Circuit Test Scheme
m Suitable for large class of circuits
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Our Idea

Our Idea

Taylor series expansion of circuit function in terms of magnitude
of input vj, at a frequency

Vout = f(Vin)
Vout = f(0) + f1(l)V/n+fz(l)vin+f3(!0)v'3+'“+

n
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Taylor series expansion of circuit function in terms of magnitude
of input vj, at a frequency

Vout = f(Vin)
f/ 0 f// O f/// O
Vour = F(0) + v, B0 y2 o TLO0)3 y

n

Ignoring the higher order terms we have
Vout = 8o + &1 Vin + aZVi% +eet aﬂVi’r77

where every a; € i and is bounded between its extreme values
for
8jmin < @i < & max Vio<i<n
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Our Idea

Our Idea (Contd..)

In a Nutshell

m Find the Vo V/s Vi, relationship at frequencies of interest
(Eg.: Cutoff, fundamental)

m Compute the coefficients of fault-free circuit
m Repeat the same for CUT by curve fitting the I/O response

m Compare each of the obtained coefficients with fault-free
circuit range

m Classify CUT as Good or Bad
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Our Idea

Cascaded Amplifiers

An Example

VOLIt

Two stage amplifier with 40 degree non-linearity in Vi,

2 3 4
Vout = @o + @i Vip + @Vjp + agVj, + asV,
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Our Idea

Polynomial Coefficients
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Our Idea

MSDF Calculation

Definition

Minimum Size Detectable Fault (p) of a circuit parameter is
defined as its minimum fractional deviation to force at least one
of the polynomial coefficients out of its fault free range
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Our Idea

MSDF Calculation

Definition

Minimum Size Detectable Fault (p) of a circuit parameter is
defined as its minimum fractional deviation to force at least one
of the polynomial coefficients out of its fault free range

Overview of MSDF calculation of R1 with Vpp=1.2V, V1=
400mV, (%)1 =1 (%)2 = 20, and K = 100uA/V?
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Our Idea

MSDF Calculation

Definition

Minimum Size Detectable Fault (p) of a circuit parameter is
defined as its minimum fractional deviation to force at least one
of the polynomial coefficients out of its fault free range

Overview of MSDF calculation of R1 with Vpp=1.2V, V1=
400mV, () =1 (%),=20,and K = 1004A/V
Maximize ag

1,nom

{1.2 — Rz nom(1 + y) < _5,12)(1074":!’1,nom(1 + X)

subject to ay, a», as, a4 being in their fault free ranges and

2.56x1073 + RZ (1 4 x)?1.024x10~/ ) }

—a< X,y <«
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Our Idea

MSDF Calculation (contd..)

Assuming single parametric faults, p for Ry

p=(1+a)"®—1~150—0.37502
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Our Idea

MSDF Calculation (contd..)

Assuming single parametric faults, p for Ry

p=(1+a)"®—1~150—0.37502

MSDF for Cascaded Amplifier with o = 0.05

Circuit parameter

%upside MSDF

%downside MSDF

Resistor R
Resistor R,

10.3
12.3

7.4
8.5
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Generalization

Generalization — Fault Simulation

Start
Choose a frequency of interest

Sweep bias at the input and note corresponding output
voltage levels

Polynomial curve fit the obtained I/O data — find the
coefficient values of fault free circuit

Simulate for all parametric faults at the simplex of
hypercube

@A Find min-max values of each coefficient (C;) from
i=1---N across all simulations

Stop
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Generalization

Test Setup

Circuit Under
Test

f(.)

Vout Estimate ay- ay
Polynomial |————

Coefficients

Ve (’V) <—\Variable
Frequency

Variable

Offset
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Generalization

Generalization — Test Procedure

Start

Sweep bias at the input and note corresponding output
voltage levels

Polynomial curve fit the obtained I/O data
Start with first coefficient
Consider next coefficient C; 1
A |Ci| > |Cimax| or |Ci| < |Cmin|?
If True go to step 9
i< N?If True goto step 5
B Subject CUT to further tests. Stop

El CUT is faulty. Stop
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Results
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Low Noise Amplifier

Specifications

Performance Parameter | Nominal Value
Gain (dB) 16
IIP5 (dBm) -18
Noise figure (dB) 9.1
S11 (dB) -16.5
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Results

Low Noise Amplifier — Schematic
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Results

Results - Output Comparison @ 10GHz

Comparison for parametric fault in R, = 100k ohm

o RL = 100k v: RL = 185k
2.6920m &1 RL = 95k

2.690@0mp
2.6880m

2.6860m

output (V)

2.6840m

2.6820mtl

2.6800m I |
0.9 2.0 4.0 6.0
input (V)
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Results

Results — Low Noise Amplifier @ 10GHz

Parameter Combinations Leading to Max Values of Coefficients

with « = 0.05
Component ao a as as as as
(ohm, nH, fF)
Rpias = 10 10 10 10.5 10.5 9.5 10.5

Lc=1 1 095 | 1.05 | 095 | 1.05 1
Ccr =100 95 95 95 95 95 105

Li=15 1425 | 15 1.5 | 1.425 | 1.575 | 1.425
L,=15 1.5 | 1425|1425 | 1575 | 1.5 1.5
Li=1 1.05 | 1.05 | 1.05 1 1.05 1

Cr =100 105 95 95 105 95 95

Ccy = 100 95 100 105 95 95 95
Rpias1 = 100k | 105k | 105k | 100k | 105k | 105k | 95k
Rpiaso = 100k | 105k | 95k | 100k | 95k 95k 95k

Ry, = 100k 100k | 95k 95k | 100k | 105k | 100k
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Results

Results — Low Noise Amplifier @ 10GHz

Parameter Combinations Leading to Min Values of Coefficients

with o« = 0.05
Component ao a as as as as
(ohm, nH, fF)
Rpias = 10 10 9.5 9.5 10 10 10
Lc=1 1.05 | 0.95 0.95 1 1 0.95

Cci = 100 100 105 95 100 95 105
L=15 1425 | 15 | 1.575| 1.575 | 1.575 | 1.575
L,=15 15 | 1575 | 15 | 1425|1425 | 15

Li=1 1.05 | 1.05 | 0.95 | 0.95 1 0.95

Cr =100 105 95 95 105 105 105

Ccy = 100 95 105 100 105 95 105

Rpias1 = 100k | 100k | 95k | 105k | 105k | 95k | 100k
Rpiasz = 100k | 100k | 105k | 95k 95k | 105k | 95k
Ry, = 100k 95k | 100k | 95k | 100k | 105k | 95k
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Results

Results — Low Noise Amplifier @ 10GHz

Results of some Injected Faults

Circuit Parameter | Coefficients out of bounds | Detected

Rpias down 25% ap — a4 Yes
Lc down 15% a, as Yes
Cc1 up 10% ais, a, a Yes
L; down 25% ap — as Yes
L, up 15% ao, a4 Yes

L¢ up 10% aiy, a Yes
Crup 10% as, as Yes
Cc, down 10% as, as Yes
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Fault Diagnosis

Fault Diagnosis

Definition
To determine the circuit parameters responsible for deviation of
circuit from its desired behavior.
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Fault Diagnosis

Fault Diagnosis

Definition
To determine the circuit parameters responsible for deviation of
circuit from its desired behavior.

Sensitivity based diagnosis

sC _ Pk 9Gi
P Ci 9px
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Fault Diagnosis

Fault Diagnosis

Coefficient space
Possible relation between various parameters and coefficients
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Results — Low Noise Amplifier

Fault Diagnosis

Fault Diagnosis at f = 10 GHz

Fault Coefficient | Diagnosed
injected status fault sites
Rpjias down 25% ap— a4 Rpjias
Lc down 15% a, as Lc or Ccy
Cc1 up 10% a4,a,as Cci orLc
L, down 25% dp— as L,
L, up 15% ap, as L,
Ly up 10% aq, a L¢ or C¢
Ct up 10% ay, as L;
Ce down 10% as, as Ce
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Conclusion

Conclusions and Future Work

Conclusions

m Technique for parametric fault detection in analog circuits —
faults as small as 10% were uncovered for LNA example

m Diagnosis based on Sensitivity of Polynomial Coefficients
to circuit parameters

m Limitation — Extensive fault simulations required to cover all
corner cases

v
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Conclusion

Conclusions and Future Work

Conclusions

m Technique for parametric fault detection in analog circuits —
faults as small as 10% were uncovered for LNA example

m Diagnosis based on Sensitivity of Polynomial Coefficients
to circuit parameters

m Limitation — Extensive fault simulations required to cover all
corner cases

v

m Neural models to map specifications to polynomial
coefficients

m To implement proposed test scheme as BIST by storing
polynomial coefficients on chip

4
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ff"'F? are .
< guaranteed in

life;
Answers
aren't.

Suraj Sindia @ NATW 2011 31/ 31



	Motivation
	Our Idea
	Generalization
	Results
	Fault Diagnosis
	Conclusion

