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Background ~ The application of Reconfigurable devices ~

® Reconfigurable devices (e.g.: FPGAs) are gaining increased attentions

for IoT, Automotive and Al field
% Flexibility and scalability
% High performance (parallel computing)

% Better time to market
% Low design cost (shortening of development cycle)
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Background ~ FPGA and its challenge ~

® Three types of configurable elements
* Input/output blocks (IOBs)
* Configurable logic blocks (CLBs)
* Programmable interconnect resources (SM: switch matrix,
PSB: programmable switch blocks)

® Large amount of interconnect resource
» Large area
> Large delay
» High power
» Significant production cost
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Background ~ MRLD and its chance~

® Memory-based Reconfigurable Logic Device.
 MLUTs (Multiple Look-Up-Table) array
* MLUT configured with multiple SRAM blocks
e Alternate interconnect of Address and Data line of ML

*  Support w and Logic reconfiguration mode

S——

Left IO port: 1i[23:0], 10[23:0]

o (@ and wiring are directly configured in the ML
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» Low power
» Low production cost
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Motivation & Purpose & Objective

MLUT AD Interconnect
. . . 4 eqe —5 ai—— / Defect
® To Improve the yield gnd liability of MRLD. —" Rgﬁ/ -
» Detecting and locating the defects on AD interconnects — " O
+«—D3 A4—Ké; 33:
(AD: Address line & Data line) _gé %”_

— -
7

* Purpose Develop the diagnosis approaches for identifying the@ of AD
interconnect defects

1. Propose the diagnosis strategy for interconnect defects of MRLD
2. Propose the diagnostic generation method for Stuck-at faults |

* Objective

s+ Detection approaches have been proposed in our previous research in ATS2017



Architecture & Working principle of MRLD

® MLUT consists of four SRAM blocks (two asynchronous and two synchronous SRAMs )
® Each SRAM works -up tables (LUTS) to support logic reconfiguration by writing the
corresponding(truth tables-into the SRAM
® Each MLUT can work at either Memory mode or Logic reconfiguration mode
fa ™ ire~connected with the address inputs of other MLUTs

Do D7 Logic output of a MLUT connects with
Al A6 . . .

DI Ds the Address input of its neighbor MLUTs
D2+~ b3 MLUT

A3 A4

LUT

I

Memory Data
=

——>

Data of MLUT




Working principle of MRLD - an example ~

® Configure the logic circuit by writing the truth table of the logic circuit
(including wiring logic) into the SRAM of MLUT

Divide logic circuit D5 of MLUTR—AS :)Mf MLUT2+4¢
D4 of MLUT1—

e truth table

cate truth table

7
ddress input Data output \ Address input Data output
A3|A2|A1/A0[D7 D6[D5 D4[D3 D2 DlD\ A7|AS D7|D6/D5|D4|D3|D2|D1
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Interconnect fault models in MRLD -~stuck-at~
* A short between the ground (supply) and AD interconnect (address line or data line)

VDD
ASle Stuck-at-1

A A0 — MLUT1
DO | e
D Al | D """"" Z)
D1 D1
D MLUT?2
A5 5 —
I D4_Ad —_ Ll D4 AdL
Ad D4 — D4 —
I T el ) Dy A0
AN
MLUT1 D5 | MLUT2 A5 behavior Diagnosing the location of the fault is helpful
(0) O/D MLUT2_D0/1 to avoid configuring the logic to pass through
0 0/1 MLUT2_D0/1 the faulty AD interconnects
| | |
1 | |

Logic behavior of Stuck-at-1 Fault
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DiagnOSiS Strategy ~ for the interconnect faults of MRLD ~

® Diagnostic Test Generation Cﬂmm%ms\‘-g m o g —
° MOSﬁC Cu_b,es N\ External Outputs @| @@ |@ =
— Data in the SRAMs for Creating fault =\\|: : |
propagation path on MLUTSs i D ———— [}
O—F—+ —— —— - —
« External Patterns: . — .. — .
T— : . B—&F — — ——| Cubes ]
— patterns applied to the external input ports of === — —= O
: - —_— idgnostic
MRLD for fault excitation = = wbes/ [ == — — = E
— — N P e
® Basic principle of diagnosis , ~: —] — — a g
° ) \
* Configuring Fault Propa. Path on \ . .
Row&Column: e =5 @E - = i) =
— Diagnostic Cubes Reconfiguration | Saf— —| " — — 0
. 5 e = — — ——a
* Applying External Patterns: \_/ P |= —— "G [
. — : — 5]
— to external inputs of MRLD \y/
* Observing External Outputs: e e R

— fault effects can be propagated and observed 7&- B e TR
at the external outputs of MRLD. /




Diagno SiS FIOW ~ for the interconnect faults of MRLD ~

® Diagnosis Flow

* Stepl: Row-direction diagnosis
a) Configuring Diagnostic Cubes (DCr)
b) Applying External Pattern

c) fglﬁning Fault Path (FPF)S —

* Step2: Col-direction diagnosis
a) Configuring Diagnostic Cubes (DCc)
b) Applying External Pattern

C) Qb'ta‘lﬁlfg—F ault Path (FPC»

* Step3: Determining fault location

— Find out the Fault location (F;,.)

through computing the intersection of FPr
and FPc: F;,. = FPr N FPc
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Diagnostic Cubes & External Patterns - row-direction ~

® Diagnostic Cubes for row-direction (DCr):

Diagnostic Cube 1: For the SRAMs share the low-order address inputs (A[m/2-1:0]) /
of MLUT, set contents of the address lines A[m/2-1:0] to D[m-1:m/2]=A[0:m/2-1],

D[m/2-1:0]=all-zero.

Diagnostic Cube 2: For the SRAMs share the high-order address inputs (A[m-1:m/2])

of MLUT, set contents of the address lines A[m-1:m/2] to D[m-1:m/2]=all-zero,

D[m/2-1:0]=A[m/2:m-1]

® External Patterns: All-zero for stuck-at-1 fault, A/l-one for stuck-at-0 fault
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Diagnostic Cubes & External Patterns - cordgiecion~ (1.2

?"n'
® Diagnostic Cube for col-direction (DCc): =S =
Diagnostic Cube 1: For the SRAMs share the low-order address inputs (A[m/2-1:0]) (= E T
of MLUT, set contents of the address lines A[m/2-1:0] to D[m-1:m/2]=all-zero, 3: s E 0
D[m/2-1:0]=A[0:m/2-1]. =S 80 ]ay
Diagnostic Cube 2: For the SRAMs share the high-order address mputs (A[m-1:m/2 0 Bk —ik s o
of MLUT, set contents of the address lines A[m-1:m/2] to D[m-1:m/2]=A[m/2:m-1], 80 lmo
0
D[m/2-1:0]=all-zero. i= L
M Fault Effec
® External Patterns: All-zero for stuck-at-1 fault, All-one for stuck-at-0 fault
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*Port Definition.

S 1mUIat10n methOd li: left address input lo: left data output
® MRLD dCSigIlI 6X6 MLUT array ri: right address input ro: right data output

. . ti: top address input to. top data output
— IO ports: left & right 48bits, bi: bottom address input  bo: bottom data output

top & bottom 20bits 0| i To;l(())por‘c:ti[19:0],t0[19:0] — |
— MLUT: Four 256word X 16bit SRAMs g L] L]

Right 10 port: ri[47:0], ro[47:0]

AD2 AD13 AD2 AD13 AD2 AD13
. . AD3 ADI x1y0 AD3 ADI x3y0 AD3 ADI x5y0
. Sll“u atlon l“et O AD4 AD1] ADT1 ADA4 AD4 AD1] ADTT AD AD4 AD1] ADIT
ADS ADI AD10 AD ADS ADI AD10 AD ADS ADI ADI0
ADG AD9 AD9 AD AD6 AD9Y ADY AD ADG AD9 AD9
L : : 1 t b M d IS . AD7 ADS ADS AD7 AD7 ADS ADS AD7 AD7 ADS ADS
— OgIC Simuilation y odclidIm ADO ADT AD15 ADOl=—=IAD0 ADTY ADI5 AD ADO ADT ADI5
AD1 AD14 AD14 ~ AD14 AD14 AD] AD1 AD14 AD14
< < AR2 & u u = ADI AT rral ADER = AD! PAD2 ADI ADI13 AD! AD2 ADI ADI13
— Fault node insertion (random) -s----=-x=ssss=ersseess{= (G T l00 e
AD4 AD11 ADIT ADA AD4 AD1] ADI1 AD AD4 AD11 ADIT
ADS ADI AD10 AD ADS ADI AD10 AD ADS5 ADI ADI0
ADG AD9 AD9 AD AD6 AD9 AD9 AD ADG AD9 AD9
AD7 ADS ADS AD7] AD7 ADS ADS AD7 AD7 ADS ADS
— ADO ADT AD15 AD ADO ADT AD15 AD ADO ADIY ADI5
S AD1 AD14 AD14 ADI AD1 AD14 AD14 AD] AD1 ADI AD14
= AD2 AD13 ADI3 AD AD2 AD13 ADI3 AD AD2 ADI ADI3
< AD3 ADI ADI2 AD3 AD3 ADI ADI12 AD AD3 ADI ADI2
X]y() 1 X2y1 = AD4  ADI] ADIT  ADA AD4  ADI] ADIT AD AD4  ADII ADIT
—) = ADS ADI AD10 AD ADS5 ADI AD10 AD ADS5 ADI ADI0
D2 A2 z AD6 ADY ADY AD AD6 AD9 ADY AD ADG6 ADY ADY
— i~ AD7 ADS ADS AD7 AD7 ADS ADS AD7 AD7 ADS ADS
= ADO ADI AD15 AD ADO ADI AD15 AD ADO ADI ADI5
A2 D2 £ ADI ADI14 ADI14 ADI ADI ADI ADI14 ADI ADI ADI ADI14
< S AD2 ADI3 ADI3 AD AD2 ADI ADI3 AD AD2 ADI3 AD13
O‘l AD3 ADI ADI2 AD3 AD3 ADI ADI2 AD AD3 ADI ADI2
S AD4 ADI 1] ADIT ADA AD4 AD1 1] ADII AD AD4 ADI1 ADI
StUCk-at-l IlOde = ADS ADI AD10 AD ADS ADI AD10 AD ADS5 ADIL AD10
8 AD6 AD9Y AD9 AD ADG AD9 ADO AD ADG AD9 AD9
AD7 ADS ADS AD7] AD7 ADS ADS AD7 AD7 ADS ADS
ADO ADI AD15 AD ADO ADI AD15 AD ADO ADI ADI5
AD1 ADI AD14 AD] AD1 AD14 AD14 AD] AD1 AD14 AD14
AD2 ADI ADI3 AD AD2 ADI ADI3 AD AD2 ADI ADI3
AD3 ADI ADI2 AD3 AD3 ADI ADI2 AD AD3 ADI ADI2
AD4 ADI11] ADI1 ADA AD4 AD11 ADI1 AD AD4 ADI11] ADIT
leo 0 X2y1 ADS ADI AD10 ADS ADS ADI AD10 AD ADS5 ADI ADI0
—p| ADG AD9 AD9 AD ADG AD9 AD9 AD ADG AD9 AD9
D2 . A2 AD7 ADS ADS AD7 AD7 ADS ADS AD7 AD7 ADS ADS
e ADO ADI AD15 AD ADO ADT AD15 AD ADO ADI ADI5
AD1 AD14 AD14 ADI AD1 ADI AD14 AD] ADI ADI AD14
A2« D2 AD2 ADI ADI3 AD AD2 ADI ADI3 AD AD2 ADI ADI3
AD3 ADI ADI2 AD3 AD3 ADI ADI12 AD AD3 ADI ADI2
AD4 ADI1 ADIT AD AD4 ADI1 ADIT AD AD4 ADI1 ADT]
ADS ADI AD10 ADS ADS ADI ADI0 AD ADS ADI AD10
StUCk'at'O nOde AD6 AD9 AD9 AD AD6 AD9 AD9 AD ADG AD9 AD9
AD7 ADS ADS AD7 AD7 ADS ADS AD7 AD7 ADS ADS
ADI5 AD ADI5 AD AD15
x0y3 AD14 ADI X2y3 AD14 AD] x4y3 AD14
ADI3 AD ADI3 AD ADI3
ADI2 AD3 ADI2 AD3 ADI12
| x1y5 hl | x3y5 ‘—l r x5y5

| Bottom IO port: bi[19:0], bo[19:0] |




Simulation Flow

Step 1 : Reconfigure Diagnostic Cube for row-direction (DCr)
— 1nto each MLUT

Right IO port: ri[47:0], ro[47:0]
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| Bottom 10 port: bi[19:0], bo[19:0] | | Bottom IO port: bi[19:0], bo[19:0] |
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Simulation Flow

Step 3 : Reconfigure Diagnostic Cube for col-direction (DCc)
— 1nto each MLUT

Top IO port: ti[19:0], to[19:0]
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Simulation Flow

Step 4

Apply External Patterns

— to externa
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= Msgs

4 [tmem_mrld/dk 0
-4 [tmem_mrid/l 00000000000000000N000000N0000NN00DANNN0D0000ENENY 000000000000000000000000000000000000000000000000
-4 /ftmem_mrldfri 000000000000000000000000000000000000000000000000Y 000000000000000000000000000000000000000000000000
-4 /tmem_mrld/t 00000000000000000000 00000000000000000000
ﬂ—' !b'nem_rrﬂd{m 00000000000000000000 000Q00000000000000000

4 [tmem_mrid/mem_mrld/stuck_at_fit_cf/fit_mlut_x2y1|St1 < ..

4 [tmem_mrid/mem_mrld/ST_INJ_x2y1/miut_fit_loc[2] |St1 Stuct-at-1 is iy ected

4 jtmem_mridjmem_mrid/ST_INJ_x2y1/faulty_value |St1 at x2y1A2
-4 /tmem_mridflo 000000000000000000000000000000000000070000000000/

tme dfro IIIIIIIlIlIlIIIIIIIIIIIIIIIIIIIIIIIIVWQW
- /tmem_mrid/to 00000000000000000000
-4 /jtmem_mrld/bo 00000000000000000000
@ () A ) A A A / A ) A 06
Naf:

= Msgs

4 ftmem_mrid/ck [o
-4 /tmem_mrid/i 000000000000000000000000000000000000000000000000
-4 [tmem_mrid/fri 000000000000000000000000000000000000000000000000
-4 /tmem_mrld/t 00000000000000000000
B~ [/tmem_mrld/bi 00000000000000000000

4 . .« .

ftmem_mrldfmem_mrld/stuck_at_fit_cf/fit_mlut_x2y1]St1 Stuct-at-1 is inje cted

4 ftmem_mrid/mem_mrld/ST_INJ_x2y1/miut_fit_loc[2] |St1

4 tmem_mrld/mem_mrld/ST_INJ_x2y1/faulty_value  |St1 at x2y1A2
H—' f‘tmern_rrﬁdﬂo 00000000000000000000000000000000000000000000000Y 000000000000000000000000000000000000000000000000
-4 ftmem_mridfro LO000A==2Ago000000000000000000000000000000000000Y NOO0D00000000000000000D0000000000000000000000000
n—' fﬂhﬁh_l'"‘idftﬂ 0040740000000 20000000 00Q00000000000000000

i tme d/bo Q00 IE@I 0000000 00000 100000000000000
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L ] Msgs
4 ftmem_mrid/dk | L] LUy Uy Uy L
-4 /tmem_mrid/li DI T T D e 1 ii1ii1111d343111149H33333333044431311343111111
B4 Jtmem_mrid/ri SR R 117111111111 81111113113811111311171111111111111111
-4 Jtmem_mrld/ti 11111111111111111111 11111141111181114141
B4 Jjtmem_mrid/bi 11111111111111111111 11111111111181111411
4 ftmem_mrld/mem_mrld/stuck_at_fit_cf/fit_miut_x2y1]st1 o e .
A Armem porid/uck_ ot/ 2y Stuct-at-0 is injected
Jtmem_mrld/mem_mrld/ST_INJ_x2y1/miut_fit_loc[2] |St1
4 jtmem_mrld/mem_mrld/ST_INJ_x2y1/faulty_value |Sto at x2y1A2
-4 /tmem_mrid/lo SRR A T 11711111111118111111111111112311111111111111111111
tme d/fro f11{0) 11 111111111111011113113113111111111111111110111111
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Conclusions

® MRLD should be a promising alternative reconfigurable device to FPGA with the
benefits of low production cost, low power and small delay.
® We proposed the diagnosis strategy and the method for locating the stuck-at interconnect
faults.
* The method can diagnose the location of all stuck-at faults at any interconnects.

MRLD Total fault  Locatable fault Reconfiguration  External Pattern
size numbers numbers (Row and Column) (sa-1 and sa-0)
X X Y MLUT(with M-bit) array <(x +1)Y + %) M <(x +1)Y + %) M 2 times 2 times

*X, Y: the number of rows and columns for MLUT array
*M: the number of AD line pairs for an MLUT

® Future work
* Evaluate the effectivity of the proposed diagnosis method for multiple stuck-at faults .
* Analyze the diagnostic generation method for locating others interconnect faults such
as bridge faults and open fault in MRLD.
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