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An FPGA with Fault Detection/Recovery Capability
and Its Layout-Model Evaluation

xS. Abe, T. Aoki (Tohoku University) and T. Higuchi (Tohoku Institute of Technology)
and A. Kanomata (Sendai National College of Technology)

Abstract— Due to the exponential growth of the density and capacity of VLSI technology, it becomes
increasingly difficult to achieve higher performance while keeping a high level of system reliability. In order
to construct highly reliable systems with next-generation VLSI technology, not only the improvements in
fabrication technology, but also active measures are required to deal with temporary/permanent hardware
faults in integrated components. This paper investigates the potential of Field-Programmable Gate Arrays
(FPGASs) to realize reliable systems with self-repair capability. We propose a new FPGA architecture
that can detect hardware faults during operation, and can recover the correct function by reconfiguring

its structure.
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Fig. 1: Structure of a fault-tolerant FPGA
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Fig. 3: Recovery from a logic block fault
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Fig. 4: Layout of the test chip
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Table 1: Specification of the test chip

Input Data 25 bits
Output Data 26 bits
Configuration Data 78 x 96 bits
Error Register 126 bits

9 DCLBs, 24 DCBs,
16 DSBs, 117 EDs
Supply Voltage 5V

Active Area Size 2.6mm X 2.6mm

Chip Organization

Transistor Count 61,923
Process 0.6um CMOS 3 metal layers
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Fig. 5: (a) Layout of the non-redundant FPGA

(b) Layout of the proposed FPGA
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Fig. 6: Layout of the Configuration Logic Block
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Fig. 7: Layout of the switch block
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Fig. 8: Layout of the connection block

AVFT OV Y BIETETRER L E5E DMK (A) 3
KO 2 BIL LS DER (Ags) 1, BRREAS 4k AR
DL EZNENR (6) X (7) THRTZLHNTES.

Asb Wsp X hsb

X (2K - how + 4k - 3.5\ + (4k + 1) - 2.5))
Agsp = Wdsp X hgsp
X (4k - hyw + 8k - 3.5\ + (8% + 1) - 2.5))

WIS, axrvaryrovrid, AMBLU0RET
0w 7 & DA% Bl 28 L TIT D=8, Fig.8
TRTEDIIINY 7 78 L OERRE L O 2 HET 2
SRAM M SRR ENS. ax7vary7ovwy OwEE
X, EORRES UM RBEE T O ZICERS NS A
H () BUCHRET 5. BEIoax 7y aryrynysn
TR TR SN =B EDOEHRE (Am,) & 2B LS
B DERE (Agepn) &, BN Ak RD L ZE, ZhZh
R (8), R (9) THTZLATES.

(2Wsram + 2kwsy + 4k - 3.5X + (4k + 1) - 2.5))
(6)

Ov 7DV AXNKREL RS, HAWRLV A7 RC
RBEOFHATBE, BRIZNASDY AL YH
EEND.

Bl LT, SHEOBELERBET O Y 7 H 3 x 3455
fbxh, EORRE12 AR, AHAES THETLESEICD
W, ENEDGELIIRILLESGEDON—-RD 7
DA —=N—=~\y RKDIEHIT-7=. IETLED FPGA D
TR (Afpga) LIRET 5 FPGA DI (Aafpga) 13, £
hZENR (10), (11) TRIH, ARIELEZEDA—
N=~Y RN 253 EHEL R,

Afpga = (04 Dwsp +n - wepp + weo)
X ((TL + 1)hcbh +n- hcbv + hco) (10)
Agipga = ((n+ Dwasy + 1 - Wachh + Weo)
X ((TL + 1)hdcbh +n - hgepy + hco) (11)

IBIC, HIRENTWS FPGA OB T 0w 7 ¥FE
BICHEP UESER2MET 5. B E 12K, AHA
BrEs5 e URMITOYZ7E% 50 x 50 BEZ THDL
EEEG, N—Ryz7DF—N—~Av RN 2.7 5158
IZehbhok. £, WBET OV Y% 50 x 50,
AHFEE 5 LU, BEHBEEDLESS, AfVvF
JayrZeaxyyariav oYy A ANKkE Lk
59, N—R7z7DA—N—~v K 4 f5FREIC
RBZLRbhoi=.

7 TIY

SROFEL LT, BEEMLICEEZN-RIz7D
A=N=A\YREDRLITEDL L DORFEIIODWTHR
HITBZENEELRD.

HHE  AWEOF v TRIER, RERZEABEER

(2wsram + 4kwsy + 8k - 3.5A + (8k + 1) - 2.50) ¥ 2 F LFEHHB LY #— (VDEC) #3EL, O—L

(7) (BR) B X OUHREIR] (BR) OWHATHFOOEEDT
H5.

=)
[1] S. D. Brown, R. J. Francis, J. Rose, Z. G. Vranesic:
Field-Programmable Gate Array, Kluwer Academic
Publishers,1992.

[2] S. M. Trimberger: Field-Programmabe Gate Array
Technology, Kluwer Academic Publishers, 1994.

[3] P. Chow, S. O. Seo, J. Rose, K. Chung, G. Paez-
Monzon, I. Rahardja: The Design of an SRAM-Based
Field-Programmable Gate Array — Partl: Architec-
ture, IEEE Transactions on VLSI Systems, Vol. 7,
No. 2, pp. 191-197, 1999.

Acbh = Webh X hebn [4] P. Chow, S. O. Seo, J. Rose, K. Chung, G. Paez-
Monzon, I. Rahardja: The Design of an SRAM-Based
= (2wpyus + 4k - Wram + 4k - 3.5 + (4k + 1) - 2.5)) Field-Programmable Gate Array — PartIl: Circuit
Design and Layout, IEEE Transactions on VLSI Sys-

X (2hous x1) (8) tems, Vol. 7, No. 3, pp. 321-330, 1999.
(5] B, ok, MO, B ORI & A
Agchh Waebh X Rdcbh RFPGA 7 —X TV F ¥, [F%EHA, FTS2000-1, pp.1-

8(2000).
X (4hpus x 1) (9)

FEROR XY, RIS FPGA W, RF|TOvI/N
BEEDAEXTHBDITK U, BRFEB ALSE () B
B IEEAALyFIuwrsBXtaxyyayTy

60



	C04: 講演番号：C04


