T

T ISCOOYSTEMS

WL

*H"‘*ﬂ"‘"“ L B

W

"||"||I1|F'.'rliillll

ke e




Input rest Buffer

ASIC DFT Group
Sang Baeg and Sung Chung

Cisco SYSTEMS

M@

EMPOWERING THE
INTERNET GENERATION™™



P1149.6 AC Boundary-Scan
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Well, AC coupling seems OK
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Problem Transmission Lines

T T T T TET T Cisco.com
Driver Receiver
Si | Li VCM
Data In | Ignd’ Line O . Data Out
Logiclor O Logiclor O Logic1or O
Vour 4 Logic Vin
States Verp
: (H)— :
N4
Common Ground Return
2 Logic 2 Logic
States Diff. Signal Line piff.  States
Driver Positive ~ Receiver
i N4 :
Data In > | Log|(? lor0 v, 8 Logic _”+ Fault Data Out
Logic 1 or 0 Logiclor0o A  States ° Logic 1 or O
Signal Line S
Vour Negative
VGND
) )\
U

Common Ground Return
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Error Population

Cisco.com

Physical Link and Transport Layer Value

Loglcal Differential Signal
Link Sinal
Value A Logic state with single
Ended Possible logic state gerror condition ?

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

0 0,1 ) .
Negative 0,1,0,1 Negative 0,1,1

Transmitter . .

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

1 1,0 . -
Negative 0,1,0,1 Negative 0,0,1
Positive 0,0,1,1 Positive 0,0,1

0 0,1 ) .
Negative 0,1,0,1 Negative 0,1,1

Receiver » »

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

1 1,0 ) .
Negative 0,1,0,1 Negative 0,0,1

Available logic states 2 4 8 6

Error Population 50% 75% 66.6%

Input Test Buffer Design Examples
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Null Detection Range Definition

R R R cceTc Cisco.com
Diff. in P Active State - DUliEState
. Input |N_P < » -} »
Receiver
| V,, Range
\ Out of Null detecti o) A_ I
ut o u etection range !
A3z 253
Zero Differential ¢(g gg i a % c
A Voltage Out of Null detection range ® g *(‘D 6_
i Receiver
%V, Range
Diff. input IN_N v
Set without Pl
null state
Reset without P 5
null state h Active State ”
Set with B
null state
Reset with >
null state Active State L
Www.acextest.or 0 6
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Null Detection Methodology

I TTTTTTTTTT T TTT T T TT T Cisco.com

Diff. éf_u_\fft_a_t_e Null State

input <

IN_P Receiver

1\V,, Range

- | A —— 9 * out of Null

= = detection
D o3> | Zero TogZ range
@ gg b Differential “ 1 (g 2-§ é‘ +
® % ; Voltage _— g Out of Null

detection
* range

/

Signal without LI I—

null state

;
i

Sniglrl]?g\rllvgi]? -l_J L.I_I—J I R
Hysteresis 1 M 11 I
Signal with _|__| | I L
threshold range
Hysteresis I 11 I 1] [
Signal with_I
null state J_l 1 I
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Null Detection Window Variation

e TTTTT T T T T TTT T Cisco.com

75% to 90% input signal range

Diff. Active State Null State

¢

input K
IN_P

Regeiver
V, JRange

A
\

Out of Null
* detection

} ‘e ’ ’ { ______ range
* Out of Null

detection
* range

2
=

Zero
Differential
Voltage

<>

&
m —
)

5.8
Q =
® o
=)

1nduj
N

abuey
ploysaiyl

v
A

75% to 90% inpjt signal range

Recqver

VIL

Signal with [
75% input range
Hysteresis | | | |

Signal with |
90% input range
Hysteresis | |

Signal with |
threshold range
Hysteresis |

T LG,

Signal with
null state —

www.acextest.org
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Hysteresis vs Window Comparator

e T TTTTTTTTTT T T T TTTTT Cisco.com

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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Cisco.com

Ineut Test Buffer: Basic Architecture
N T

N_P X " IN_PIX +
Set
1R|i ZRIi " IN_P-A >=Window
50 > Reset A
R2 +.~ . R2
2K Vicm - A >= Window 1K
Optional [—— va ol
Vcom R3 R3 ’
2K Vicm - B >= Window
+ 1K
Set
50—>| R4 _ Ry <. B
1K 2 K —\N_N-B >=Window
Reset
IN_N [X] o' IN_N[X] +

Input threshold range is 1/3 of input
differential signal range

www.acextest.org 10
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Input Test Buffer: Differential Receiver 1

R1

Rst

1K -
50 } Compl Reset —
R2 + ) .
) 2K Vicm - A >= Window
Optional g va )

Vicm

Vcom R3
2K +
Comp2 Set ]
0= R _, st

icm - B >= Window

1K = Recover
D SetQ interface
IN_N[X] . Comp e i—
1 B - Vicm >= Window |N_P
« Both examples retain the same test
coverage
* No diagnhosability improvement
* No apparent benefit IN_N
Input Test Buffer Design Examples WWW&CeX'[eSt 0r g

+
Comp3
IN P& ® p Reset —|
- —~~ A-Vicm >= Window SetQ

Preferred Signal
Recover
interface

Preferred Signal

Two scan cell interface capable
input test buffer examples with

differential receiver

Cisco.com

Comp3 Set —]
+ 7 A-IN_P >= Window Rst_| Preferred Signal
Q Recover

Q interface
+ Set
Compl Set — 1
- IN_P - A >= Window
Common Mode
Voltage Point
Comp2 Reset —
+ IN_N - B >= Window Set | Preferred Signal
= Recover
Q interface
+ Rst
Comp4 Reset —
B - IN_N >= Window
11



Input Test Buffer: Differential Receiver 2

A
IN_P \E—l

50 —

Optional g ® V2

Vcom

+

Comp3 Set

IN_P - B >=Window

Set

O

Rst

Compl Reset

Vicm - A >= Window

Comp2 Set

Vicm - D >= Window

Rst

Qolo

Set

Comp4, Reset
+

IN_N-C >=Window

Third and forth variation of differential

input test buffer for two boundary-

scan cell interface, no coverage and
diagnosability difference

Input Test Buffer Design Examples

Preferred Signal
Recover
interface

Preferred Signal

Recover
interface

IN_P XI—

Optional
Vcom

IN_N XF——

www.acextest.org

+

Comp3 Set

IN_P -B >=Window

Set

O

Rst

Compl, Reset

+ . "
Vicm - A >= Window

Comp2 Set

p2 D - Vicm >= Window

+

Set

Ol O

Rst

Comp4, Reset

C-IN_N >=Window

Cisco.com

Two scan cell interface capable
input test buffer examples with
differential receiver

Preferred Signal
Recover
interface

Preferred Signal
Recover
interface

12



Input Test Buffer: Combination

e TTTTT T T T T TTT T Cisco.com

Set
IN_P X * IN.P-B >=Window
50 > Reset
C - A>=Window
Optional Iz
Vcom

Set

Reset
IN_N-C >= Window

Input Test Buffer

Input Test Buffer Design Examples Wwwacextest 0r g

Combination input test
buffer with fixed Vref for
two scan cell interface

Improved diagnosability

13



Input Buffer Overview

e TTTTT T T T T TTT T Cisco.com

Input Test Buffer ' Detectors DC-TestData
| [ * \' DC_Short DC_Data
x | & x - v/ ‘L/ DC Test
x . | Dg Short AC—T‘;S;—Da‘a | T~
5 s Reset etect ) AC_Data
= = . QI o Q AC Test
g —> g ; Ag Couptlmg No_AC_Detect
= =0 apacitor - | —
8, o) Set Q ClkQ MSA
= + | AC Short / Reset G S input AC
| [ Null Detect — Scan Cell
| \ x - AC Pattern Clock
Technology; Signal Short / Null Scan
Null Receiver Mapper Recover Detector AC Detector Integrator Interface
Physical Transmission . . Logical
-— > +—————————— : —_— - "
Link Layer Input Test Buffer / Detectors / Integrator : Physical Link Link

Input Test Signal Recover
Buffer Detectors Short / Null Detector {AC Short/ Null Detect

DC Short Detect
¥ / \ AC Detector

Technology Integrator =) Scan Cell
Mapper
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Null Receiver to Scan Cell Interface

e T TTTTTTTTTT T T T TTTTT Cisco.com

* 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

Input Test Buffer Design Examples WWWB.CGX'[eSt .0r g 15



Signal Transition and Recovery

Cisco.com

Positive Input

signal before
Capacitor

O
-~ %3
So3 Ko
SE> — &
a0 8=
£8 5
o o D=
2<x g
.ﬂmlu” L35
g2 Z¢c
o g& =-c
N
0 o
[ 3]
o -

|

Negative Input
signal before
Capacitor

ar
— )
® - 4
c Q0 ;&W
DE 2 = c
nav 8=
o €8
o O D>
T &= = em
5=
g2 22
z2®8&E §|=<
e S}
o D
Z

Recovered Signal
at Recover

16
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Signhal Recovery

Input

Reset /
Set

0/0
0/1
1/0

1/1

Output
Q/QB
Q QB

Input Test Buffer Design Examples

Recovered

data

Hold

D

D

Output
Q QB
1 0
0 1
0
AC short DC short
status status
1 1
0 0
0 0
0 1

0

0/0
0/1
1/0
1/1

WWWw.acextest.or g

AC
detector

0/1

0

Cisco.com

Result
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Fault Syndrome Summary

| et e ey Eaeedel === remmae_——— Fe===T====9
1 1 1
1 1 1
1 1

1 1
1 1 1
: 1 1 1
| Faultfree W!L]ﬁ!grf
I normal pulse ! ! ! ! !
: ' : : | |
1

1 1
1 1

at both inputs

Same pulse at
both inputs ! ! ! !

1
1
1
1
——d e e e
1
1
1
1
1
1
1
1
1
[N E—
1
1
1
1
-
1

No pulse or null
at both inputs

Input Test Buffer Design Examples

WWWw.acextest.or g

Cisco.com

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

18



Large-RC Example

Sample Point Sample Point
Set Set_ B
Case: Res: - Reset
Normal signal — _
at both inputs Q(=0) Q(=1)
QB (=1_) B QB (=0)
Sample Point Sample Point
Set Set_ B
Case: Reset Res: B

Same signal —

DL el EREL
SO el EXEE

QB (=VB)

[
B
il

Sample Point Sample Point
Set Set
Case: Reset ‘ Reset—‘
Skewed signal —
at one input
P Q(=1) Q(= OJ
QB (=0) QB (=0)

Input Test Buffer Design Examples WWW&CeX'[eSt 0r g



Small-RC Example

W

Sample Point

Sample Point

|

X

Set
Case: Reset —‘ —‘ —L Reset_—‘ —‘ —‘
Normal signal N
atbothmputsQ(:O) Q(=1)
QB (=1) QB (=0)
Sample Point Sample Point
Set Set
Case: Reset Reset
Same signal
at both inputs
p Q(=V) \_>< Y, \_>< v \_>< Y a=vy v \_>< \Y X_>< \Y
) S B VR B

Set

Reset
Case:

Skewed signal -

(=1)

at one input
Pul o

QB (=0)

Input Test Buffer Design Examples

W

)

Sample Point

—‘ Set

— 1

Sample Point

:

— ==

Q(=0)

QB (=0)

www.acextest.org
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Set Delayed Signal Recovery: Optional

Sample Point Sample Point

l DC_Test_Data

se:
ame signa
at both inputs Input Test Buffer N
Q(=1) Q(=0) D)——DC_Short
- 7
B (=0 B(=0

esetQ H — AC_Test_Data
— — AC_Short
Set Q
+ AC Short /
Delay Null Detect

Technology Signal Short / Null

\I_/L Null Receiver Mapper Recover Detector

+

< Physical Link -

Unit delay in the “Set” signal path makes the
signal recovery into Set Priority Latch

Input Test Buffer Design Examples Wwwacextest .0r g 21



Capacitive Short Detection: Optional

Pattern
Clock
Set H

I

Sample Point

L

I
|

|

|

Reset

SOT
(Set on Odd TCK)

jD Different
Capacitor

SOT

RET

RET

(Reset on Even TCK)

Input Test Buffer Design Examples

Set
Set —p
ck Q
_ ’_O Reset
Odd TCK
Set
Reset —p Q
ck Q
’_O Reset
Even TCK

More than Y4 Pattern Clock Cycle
difference can be detected

www.acextest.org
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Single Scan Cell Interface

IN_P X ®

R1
DC Short Detect
50 > 1K . DC_Short — Scan Cell ~ tonex
R2 A Viem - A > Isvesdet DC_Test_Data] ;' > I BC 4
icm - = Indow
2K AC Short Null / Detect
ional Set AC_Data B
O\p/)t ona X ® Va Viem Q AC_Short D b 0 b o
com R3 Q ck bCIk O
Rst
2K B Vicm - B >= Window | Integrator Jr
Si |
50 > R4 Set Redover | AC_Sync
PCIk Q| ACD AC_Test_Ran -
1K Detectors Q stector from last cell —
ShiftDR o
Input Test Buffer ClockDR
IN_N & @ AC Pattern Clock

Input Test Buffer Design Examples WWW.aceXteSt 0r g 23



Dual Scan Cell Interface 1

IN_p X

50 —

Optional & Va

Vcom

50 =

R1
1K

R2

R3

2K

R4
1K

IN_N X

Input Test Buffer Design Examples

Reset
Vicm - A >= Window

Vicm - B >= Window

Set

Input Test Buffer

t t
DC_Data_P Scélg (Elell o
AC_Data_P; 0
) e o e o
Integrator pClk Q —Clk Q
Detectors
AC_Sync -
, AC_Test_Ran Y
Set ShiftDR Ty
N o ClockDR ®
RstQ
DC_Data_N
Signal
Recover AC_Data_k 0 5 1
D Q j) ¢ y g _>2 ) g 1 G
—>Clk 0| No_AC_Detect || INntegrator Ik Q Clk Q
G Bl fromlast cell - Scan Cell
AC Pattern Clock BC_4
www.acextest.org o




Dual Scan Cell Interface 3

IN_P X—o

Optional XI .
Vcom

Input Test Buffer

Input Test Buffer Design Examples

+ Detectors DC Data P Scan Cell ~ tonex
Comp3 Set T — BC 4 cell
IN_P-B >=Window Set AC_Data |
of-# D D Q Ho of
N Rst® 3 Integrator l’m”‘ Q pelk Q
©
Compl Reset } | 8' ACSme 1 '
N Signal AC Detector e AC_Test_Ran @
C - A >= Window Recover o ShiftbR L J
z ClockDR ' ]
Vref D Q
Signal —PClk Q
+ Recover
DC_Data_N
Comp2 Set f
B - D >= Window Set ND Op Q 2 0P Q[
Q AC _Data| bCIk O Clk Q@
N Rst> Integrator
I fromlast cell - Scan Cell
Comp4 Reset AC Pattern Clock BC_4
b IN_N - C >=Window
Www.acextest.or g 25




Dual Scan Cell Interface 4

IN_P

Optional
Vcom

IN_N

Input Test Buffer Design Examples

X——o9
50 =

Va

MXF——op

50—
X——op

+

Comp3

IN_P -B >= Window

Input Test Buffer

Vref

+

Set

C - A >= Window

Comp2

B - D >= Window

Set |

Reset —|_‘

IN_N - C >= Window

DC Short Detect
DC_short T~\PC Data Scan Cell to nﬁxt
T ) — BC 4 ce
est_Data y x
AC_Test_Data 0
o—® TI\AC_Data R 1 0 R | |
= AC Detector - Q 1 Q
RstQ PClk Q —PClk O
] —° ° Integrator
signa [ PClk Q| No_AC_Detect
Recover AC_Sync —@
Detectors AC_Test Ran ——— @
shiftbR @
AC Pattern Clock  ClockDR L )
DC Short Detect be
ort
= DC_Datal
=
DC_Test_Data| y
AC_Test_Data \AC_Data 0
= 0 |-
—= AC Detector J_/ D g 1 L P 2
RstQ LPClk Q | Pcik Q@
XD:”( % Integrator
No_AC_Detect
RSelggva;ler - fromlast cell 4 Scan Cell
BC 4
Detectors AC Pattern Clock

www.acextest.org

26




1nF and 50Q AC Coupling: 20 MHz TCK ?

decay takes 34.65 nS. Min TCK will be 1/(0.693 RC) = 20.88MHz

Input Test Buffer Design Examples

75% 50%
0.287 RC 0.693 RC

33.3% 99.2%
1.098 RC 5RC

7 /

/

/ T Threshold

\

3 4 5 6

RC Time Constant

For 1 nF coupling capacitor, 33% decay is 1.098 RC (54.9nS) and 50%

www.acextest.org
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