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Input Test Buffer :
Design Examples and Fault Syndromes

ASIC DFT Group

Sang Baeg and Sung Chung 
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P1149.6 AC Boundary-Scan

AC_EXTEST

1149.6

Well, AC coupling seems OK
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Problem Transmission Lines

Data In
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Error Population

Logical 
Link 

Value

Physical Link and Transport Layer Value

Single 
Ended

Differential Signal

Possible logic state
Logic state with single 

error condition

Transmitter

0 0, 1
Positive 0, 0, 1, 1 Positive 0, 0, 1

Negative 0, 1, 0, 1 Negative 0, 1, 1

1 1, 0
Positive 0, 0, 1, 1 Positive 0, 1, 1

Negative 0, 1, 0, 1 Negative 0, 0, 1

Receiver

0 0, 1
Positive 0, 0, 1, 1 Positive 0, 0, 1

Negative 0, 1, 0, 1 Negative 0, 1, 1

1 1, 0
Positive 0, 0, 1, 1 Positive 0, 1, 1

Negative 0, 1, 0, 1 Negative 0, 0, 1

Available logic states 2 4 8 6

Error Population 50% 75% 66.6%
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Null Detection Range Definition
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Receiver
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Null Detection Methodology 
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Null Detection Window Variation
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Hysteresis vs Window Comparator

• Large Hysteresis will not trigger when there is a null

• May require known initial value

• Memory effect doesn’t allow capturing of real time logic 

status

• Window Comparator is preferred

With AC_EXTEST, DC Status sample is possile
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Input Test Buffer: Basic Architecture
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+
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Reset

Set
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Va
Optional

Vcom

R1

R2

R3

R4

Vicm - A >= Window

Vicm - B >= Window

_

+

_

+

IN_P
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Input threshold range is 1/3 of input 
differential signal range
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Input Test Buffer: Differential Receiver 1
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Two scan cell interface capable 
input test buffer examples with 

differential receiver

• Both examples retain the same test 

coverage

• No diagnosability improvement

• No apparent benefit
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Input Test Buffer: Differential Receiver 2
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Input Test Buffer: Combination
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• Combination input test 

buffer with fixed Vref for 

two scan cell interface

• Improved diagnosability
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Input Buffer Overview
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Null Receiver to Scan Cell Interface

• Null Receiver to Boundary-scan Cell

DC Boundary-scan and AC_EXTEST Diagnosis

• Signal Recover to Boundary-scan Cell

Interface to two Scan-cell per differential channel

May require AC detector / encoder circuit

• Integrator to Boundary-scan Cell

Interface to single Scan-cell per differential channel
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Signal Transition and Recovery

Positive Input
signal before

Capacitor

Positive signal
after Amplifier
(Null Receiver)

Positive signal after
Technology Mapper

Negative Input
signal before

Capacitor

Negative signal
after Amplifier
(Null Receiver)

Negative signal after
Technology Mapper

Recovered Signal
at Recover
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Signal Recovery

Input Output

Reset / Set Q QB

0  /  0 Q QB

0  /  1 1 0

1  /  0 0 1

1  /  1 0 0

Input Output
Recovered 

data
AC short 

status
DC short 

status
AC 

detector
Result

Reset / 
Set

Q / QB

0  /  0 Q  QB Hold 1 1 0/1 1

0  /  1 1    0 D 0 0 0 D

1  /  0 0    1 D 0 0 0 D

1  /  1 0    0 0 0 1 1 1
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Fault Syndrome Summary

Same pulse at
both inputs

Skewed pulse
at one input

No pulse or null
at one input

No pulse or null
at both inputs

Different slop
at one input

Fault free
normal pulse
at both inputs • Normal, out of phase pulse pair

• Same phase pulse pair

• Skew pulse at one input

• No pulse at one input

• No pulse at both inputs

• Slow or Fast signal decay at one input
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Large-RC Example

Set

Reset

Q ( = 0 )

QB  ( = 1 )

Sample Point

Set

Reset

Q ( = 1 )

QB ( = 0 )

Sample Point

Set

Reset

Q ( = V )

QB ( = VB )

Sample Point

Set

Reset

Q ( = 0 )

QB ( = 0 )

Sample Point

Case:
Normal signal
at both inputs
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Small-RC Example
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Set Delayed Signal Recovery: Optional
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signal recovery into Set Priority Latch
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Capacitive Short Detection: Optional
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Single Scan Cell Interface
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Dual Scan Cell Interface 1
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Dual Scan Cell Interface 3
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Dual Scan Cell Interface 4
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1nF and 50 AC Coupling: 20 MHz TCK ?

100

0

16.66

33.33

50.00

66.66

83.33

1 2 3 4 5 6
RC Time Constant

75%
0.287 RC

50%
0.693 RC 33.3%

1.098 RC
99.2%
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p
lit

u
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Threshold 
range

For 1 nF coupling capacitor, 33% decay is 1.098 RC (54.9nS) and 50% 
decay takes 34.65 nS. Min TCK will be 1/(0.693 RC) = 20.88MHz


