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In this research, we have established techniques to enhance the reliability
throughout the lifecycle - from manufacturing to operation, to retirement - of Memory-based
Programmable Devices (MPD), which are being developed as next-generation edge devices. Our primary
accomplishments are as follows: To improve the manufacturing yield of MPD devices, we have
established a high-quality test generation method for detecting and locating faults in the
interconnecting wiring between memory cells. We proposed a multi-cycle power-on self-test to
enhance the reliability of devices during operation. We have proposed an aging detection technique

for MPD devices in operation (oscillation-count integrated reconfigurable delay measurement
circuit), and have established a method for its implementation in MPD devices.

LS1



loT
MPD(Memory-based Programable Device
FPGA Field-Programmable Gate

Array
loT
MPD
1
MPD
Logic AD interconnects Memory Address/Data
30 WSl LIEIEY l o
fils e A
12 Gormearocd 2l
13 2 -
d1, - diy)
AO—H 1 —A7
DO (_q ID% D7
Doy G(@: il Ao
o Dl -G .—mD— |-D6
- A2—H ] 1] 11 A5
oo %DﬁD o
A3-H G H L 33) —A4
D3+ —H D4
=i
30 ~ d3 d4y ~ ddp)
a3; Logic 45
a3; SRAM3 oyputcontro  SRAMA g4,
2 16word><8bi Gircuit ~ [16word>8bit
1 (Synchronous) (Synchronous) U
a3 a4,
b
MLUT ; b MLUT
MPD
MPD
MPD
MPD
MPD
2019
MPD

External Driving Pattern Test Cube



MPD

2020

MPD

MPD

MPD
2021

MPD
MPD

2022

MPD

MPD
MPD

RO

mapping



MPD

2 MPD
MLUT

Walking-zero/one
Test Cube
AND( )
XXy
100

ITC-CSCC2020(

) ITC-CSCC2021( )

MPD

((x+1)y+(x-1)/2)m

2

Driving Pattern

3

|IEEE WRTLT2021( )

THE IEICE TRANSACTIONS ON INFORMATION AND SYSTEMS

JPCA

P Logic behavir o suckat1
= wivs | wers
| murievny ° o
1 B

= Logic behavor of stuck-a-0
=/ wiss | wers
| S0 e o o
SR L =

(@) stuck-at faults

Truth table] M1or3) Truth table? (1o SRAM2 or 4) o7,
Address Data. Address Data. A

S e 4

0000[0000 0000 0000 A Fault
00011000 0001 10[0/0 o5, Effect
0010[0100 0 |[00o10 0 0100 a1
11111111 1111 111

Truth table1 (to SRAML or 3) Truth table? (to SRAMZ or 4)

tion path k obtained under rm; ke (1, Neg")
igation path set under rm,

Process
(1) Test under rm for i€ (1. N}
(a) Configure TC into each MLUT to create rm,

(d) Obtain the fault propagation path set: FPV = UY™" FP!
(2) Identify fault location: Fise = 0275 FP*

o7,
— — ] Logcbehavior of AND eidge
= = ’@}C geterad o MO L Address rm— i
hy = CRECH I7A0E0A 2
-— MLUTLOMD) "= » 0 bricgee 0. 1]0 o 0000 ololo/o A
o 5 a5 . 1 o|w o
| [ g = il 0/0/0|1 1/0]00} | D5
han (e s = 0010 0/1/00] 0 s
= = [ oot s e wlalels BOnE
v AR o
E’ A5 /] murz0e [, MElesien 1111 i1 a2
I e Tt tabl 2 (0 SRAMZ or 4) 107,
DI briggt 4 — I I Address Data. AT
(&) brdge fauts & {57-5AbdoAoTd oy
0000 0000 A6
0001 00/10f=)
a 0010 0 0001 =
Testing Procedure 1111 1111 %L

c. Test cube inthe MLUT; (a) TC®, (b) TC®, (c) TC®.

b.

1| = f1]
1] Fola
] .
d. External test patterns applied to external inputs of MPLD i .
- A aial
External Test Patter ns (walking-zerd/one 1 T
Fault Types et ! oI HEm
Stuck-at-1 all-zero vector: /0...0] Foult | 8] & Fault
Stuck-at-0 all-onevector: /1...1] fecy 9 O Effect
AND-bridge walking-zero vector: /1.. i
OR-bridge walking-one vector: /0... f. Walking-zero to test/locate AND-bridge faut.

MPD

BIST

ITC-CSCC2019(
2019 2020 2022

) ITC-CSCC2020( )

2022

Transactions on Design Automation of Electronic Systems

THE IEICE TRANSACTIONS ON INFORMATION AND SYSTEMS

BIST

BIST

DC
ACM



Combinationdl Logic @Ti-1 Combinationd Logie @M1
Reportsto Upper system: ’
Combinational
controller Logics
Power On/
System Start-up
S TestEnable
Power-on Test

. L
s
#} +: Fault ewtation e Faniyvalue repegeion

- N i Ti
Sartup time jormal Operation ime’
(e.g.:100msec)

Self-Flipping Control Point

Flip-Flop
DATA FDS-FF
SEN,, —
/ SIN D’ b Q
N SEQ_TEST_EN :[))" FF
j— Pn_ to@ CLK >

e Enabio-

Flip-Flop

MPD

MPD
ATD Address Transition Detector

RO RO
RO

ATD
0.1ns

MPD ITC-
CSCC2020( ) ITC-CSCC2021( ) |EEE WRTLT2021( )
THEIEICE TRANSACTIONS ON INFORMATION AND SYSTEMS

Input Switching Change Detection Output Switching oy
x x x x x
A, N Ty g Y0y, 4y N0 KV, XY, XsVe
D D= D Do
A ] E P L W L W L P o Y
2 < o} < o
[ o b b b o
A (Constag(Delay| . X0Y0 |y la. o g foF las o] oo [T
o o e, b, oo k[ Do e
2 ; s B L e
o = = = =
b, s b, o, s b, oy s
5 . I o 235 it b e et
L _fele " [Fanisona e e ] A
LT T pointzsigna

MPLD
] ) B

t 4tz Gty th 4 gty
A T a1 T ™ z s
e 1T I1[ 80 N 1L |,,\ | Q Q;I’G ¥ o Q;I’G
:" LI L|stlowdown|
atd.y
orreet deteciion Toorrect detedtion G Gl ke N 0 k&
ATD Delay monitor; (8) ROinMLUTS, (b) counter for RO.

MPD




12 12 3 0

Wang Senling Zhou Xihong Higami Yoshinobu Takahashi Hiroshi lwata Hiroyuki Maeda Yoichi 28

Matsushima Jun

Test Point Insertion for Multi-Cycle Power-On Self-Test 2022

ACM Transactions on Design Automation of Electronic Systems 1 21
DOl

10.1145/3563552

Inamoto Tsutomu Nishino Tomoki Wang Senling Higami Yoshinobu Takahashi Hiroshi

Preliminary Study on Noise-Resilient Artificial Neural Networks for On-Chip Test Generation 2022

2022 1EEE 11th Global Conference on Consumer Electronics (GCCE) 561-565
DOl

10.1109/GCCE56475.2022.10014218

Higami Yoshinobu Yamauchi Takaya Inamoto Tsutomu Wang Senling Takahashi Hiroshi Saluja

Kewal K.

Machine Learning Based Fault Diagnosis for Stuck-at Faults and Bridging Faults 2022

International Technical Conference on Circuits/Systems, Computers, and Communications (ITC- pp. 477-480

CSCC)
DOl

10.1109/1TC-CSCC55581.2022 9894966

Zhou Xihong Wang Senling Higami Yoshinobu Takahashi Hiroshi Katsu Mitsunori Sekiguchi 2021

Shoichi

MNN: A Solution to Implement Neural Networks into a Memory-based Reconfigurable Logic Device 2021

(MRLD)

2021 36th International Technical Conference on Circuits/Systems, Computers and Communications 1-4

(1TC-CSCC)

DOl
10.1109/1TC-CSCC52171.2021.9501454




Higami Yoshinobu Nakamura Tomokazu Inamoto Tsutomu Wang Senling Takahashi Hiroshi Saluja 2021
Kewal K.
Compaction of Fault Dictionary without Degrading Diagnosis Ability 2021
2021 36th International Technical Conference on Circuits/Systems, Computers and Communications 1-4
(1TC-CsceC)
DOl
10.1109/itc-cscc52171.2021.9501474
Xihong Zhou , Senling Wang , Yoshinobu Higami , Hiroshi Takahashi 2021
Diagnosis for Interconnect Faults in Memory-based Reconfigurable Logic Device 2021
IEEE the 22nd Workshop on RTL and High Level Testing (WRTLT) 11-16
DOl
Wang Senling Kameyama Shuichi Takahashi Hiroshi 24
JTAG Security Threats: Current Attacks and Countermeasures 2021
Journal of The Japan Institute of Electronics Packaging 668 674
DOl
10.5104/jiep.24.668
AI-AWADHI Hanan T. AONO Tomoki WANG Senling HIGAMI Yoshinobu TAKAHASHI Hiroshi IWATA E103.D
Hiroyuki MAEDA Yoichi MATSUSHIMA Jun
FF-Control Point Insertion (FF-CPI) to Overcome the Degradation of Fault Detection under Multi- 2020
Cycle Test for POST
IEICE Transactions on Information and Systems 2289 2301

DOl
10.1587/transinf.2019EDP7235




Xihong Zhou; Senling Wang; Yoshinobu Higami; Hiroshi Takahashi 2020
Aging Monitoring for Memory-based Reconfigurable Logic Device (MRLD) 2020
International Technical Conference on Circuits/Systems, Computers and Communications 228-233
DOI
Yoshinobu Higami; Tsutomu Inamoto; Senling Wang; Hiroshi Takahashi; Kewal K. Saluja 2020
Reduction of Fault Dictionary Size by Optimizing the Order of Test Patterns Application 2020
International Technical Conference on Circuits/Systems, Computers and Communications 131-136
DOI
Wang Senling Al-Awadhi Hanan T. Aohagi Masatoshi Higami Yoshinobu Takahashi Hiroshi -
Feasibility of Machine Learning Algorithm for Test Partitioning 2019
International Technical Conference on Circuits/Systems, Computers and Communications 1-4
DOI
10.1109/1TC-CSCC.2019.8793328
Higami Yoshinobu Nakamura Tomokazu Inamoto Tsutomu Wang Senling Takahashi Hiroshi Saluja -
Kewal K.
Compact Dictionaries for Reducing Compute Time in Adaptive Diagnosis 2019
International Technical Conference on Circuits/Systems, Computers and Communications 1-4

DOl
10.1109/1TC-CSCC.2019.8793429




16

, Hanan T.Al-Awadhi,

FF

2019

2019

2019

2019

2020




2020

2020

2022

, , WANG Senling

(FIT)

2022

2021




2021

2021

2021

2020




(MRLD)

34

2020

2019

(MRLD)

2019

2019




https://yoran.office.ehime-u.ac.jp/Profiles/7/0000640/profile.html

http://yoran.office.ehime-u.ac.jp/profile/ja.cc9d5be88d6411cc60392a0d922b9077 . html?mode=pc

13

2021 36th International Technical Conference on Circuits/Systems, Computers and 2021 2021
Communications (I1TC-CSCC)

IEEE the 22nd Workshop on RTL and High Level Testing (WRTLT) 2021 2021
IEEE VLSI Test Symposium 2021 2021
IEEE European Test Symposium 2021 2021
IEEE Asian Test Symposium 2021 2021
IEEE International Symposium on On-Line Testing and Robust System 2021 2021
International Technical Conference on Circuits, Systems, Computers, and 2020 2020
Communications (I1TC-CSCC2020)

The 29th IEEE Asian Test Symposium (ATS"20) 2020 2020
The 25th IEEE European Test Symposium (ETS) 2020 2020
IEEE International Test Conference in Asia 2020 2020




IEEE WRTLT2020 2020 2020
The 34th International Technical Conference on Circuits/Systems, Computers and 2019 2019
Communications (I1TC-CSCC)

2019 2019

ITC-Asia 2019: The 3rd International Test Conference in Asia




