FIT2010 (55 9 EMEERMZFEIRT + —35 L)

C-007/

S 1 BFSICEICERMBEARLEDORY b I—9F U F v TADIGH
Asynchronous Communication Scheme based on Multiple-valued 1-color Encoding
and Its Application toward Network-on-Chip

WA BRRESR PE HEM'
Atsushi Matsumoto, Naoya Onizawa and Takahiro Hanyu

1. [XC®HIT

N—F CEEBIE» D RDBHEX Y VT —7 T2 T Mg
REPEBTARY P2 F 0 F v FNoC) FRBRR S
n, ELFESED BN THWAI1-3]. 2o Th a7 EiE
BIHERBERBESFRNE AW, GALS (Globaly-
Asynchronous Locally-Synchronous)-NoC FH B #HRE X
nTEy, BV ODnOREIN—TZBNTF v 7D
FEMTRDATNS.

JEFHBREFNT, EREZLEBEENLLD /M
vy Ry 77 harvik VefERREs EHTIF
BETHY, ¥iZ QDI(Quasi-Delay Insensitive K EIZED
SHBFRERANDZ LTk, BEEBICRT D XIE
RIEENEEBHRIENTES. BRAPRBLTERL 2/ 2
B RO SEERE— RS MIERES SRS,

b, ZOFFFRICESISFETHD.
?%‘%kjiité’j(%ﬁ“{)&, 1 a5V R4 L 2
BFEERVEFRBICSTE LB TES. —RICEF

T — 8 RS Ei&%nfo% FEIT B DAN—

Alxp. Xp') B(x. x;)
P-REQ+ P-IN S-REQ+S-IN
- Delay
; | P: Primary module
S% S : Secondary module
P-REQ+S-REQ+P-IN+S-IN {1 : Interface

Cix, x7)
X 1: FmiBEgET Vv
#£1:1y MaXB 160 28%5

Primary Transmission lines Secondary
P-REQ | P-IN |A(xp, X)) (Cx ,x) {xiv’|Bixg, x0) | S-IN |S-REQ
0" 0,H) (0.2) 0,1) =07

ST 0,1 (LD 1,0 “1r
Data = 0 #(U) 2 o.n v Data

1 (1,0) (2,0) (1,0) <17

Spacer (0,0) lﬂ(O,O) 0 F (0.0) -

VESERAEZEETS 1 AFFICESIHFREHBLT,

2 BT I HEERELREICERT S 2 A/FICES
FABT—FBEEEDEIZBNTHES.

—HFT, BEEROERIZBWUIZD 2 FF5IZES
SEREHOELEND, 1 BFBFTEEINTVDILONRE
V. ZORD, BAPRBLTEL 2 BFFE AV ES
EE & 1 BFSEAVEERERREESZEDETHVYSE
A, V—%, BRERERE T e harOERBIZ1TR D &
ERHY, ZHERy NU—2F o F v SekOMEES
fLERDRRERVED.

AR TIE, 1 AFSCESSEERE— MG AER
Bt FRORELITI. ZThicky, BEF——~y

179,
RODREENEBRTEL 2D, £, BRFIEOIK

ELT, BRERES Y MET D Z LI L » TERDE,

EOEEERELBO-FHEICOWTHIRETS. UE TR
BETHEEEFRT— NG HFERBEXRROKFFED
EBEEITV, 72, ROFERMEEFELOBRLEE
XORBFHEOFRMEIZOVWTERT S.

2. RETH 182878
21 WAMERMEEET L

BRI AIWGFAFEFMREE TN CTHEET A ERTT IV
PR LIRT. ZOEXREFATIE, 2TOHSEIT 2B
THREEN?bDEL, ZOETERLTER, +2bb
IEFRELTA. M1TIE, Pa2—L P hbidERES
Alp,xp)?3, Va2 —/V S HHITERES Blxs,xs) 51
KEEENRDI YD, TOHREFNERLETEEIN
Cx,x)=A+B ¢ 7220, ZOARHEGH)EZREFDEY 2—

T HILKFERIBEEDERT, RIEC, Tohoku University.

386

#£2:2¢y MatH 1B 2855

I

Primary Transmission lines Secondary....
P-REQ | P-IN Alxp, x,) Cly ,X7) x+x® Blag, xg) S I'V LS REQ
0T (0.3).......(0,6) £0.3)
“0z (0.3) . (1,5) (1.2) 17
=0 (0,3) (2.4) 22T
0 03 .33 (3,00 3
1 (1,2) (1,5) 0.3 “0r
i I (L2 24 (L2) “f
i 0 (1.2) (3.3) 2.1 N
T (2 ey (82) o 3
Data wyn 2.1) ‘(2 4 6 - 0.3) “g® Data
2> 1 @21 (3.3) L2y “P
“n (2.1) 4.2) 2.1) 2
2 2.0 .0 B CR0) B S M
“3” 3.0) (3.3) (0.3) 0
<3 3,0) (4.2) (L2) “1
-3 (3.0 3.1 2.1) A
e L (3.0) (6,0) 3.0) ..,“3.7’
Sp acer - | (0,00 ™% (0.0) ( - 0.0)

MZBNT, L%mﬁﬁ%%mwfﬂﬁmgémént
~¢®ﬁﬁ DEO—BERHETEZET, TV 2— )Vl
DORFRT —FEEEER LTS,

22 RETDHSTHER

1y MaXHASE 162 2 RE 505 ERER1IC
Y. AFHECBOWTOFEERX 2 K07 -z LT
REBE S EEGN=0,1, HRBE"1""LZHSE
xx)=Q1,00 TEHTSE. ZOHFSBELBHEY 2— L THEWN

WEYH I ZETRFORRHERNLT 2] 425, Zh
%ﬁ&b B BEPEELEFEELELSWIER,
MEDED 2 —AREELHEEL LTERBEINS.

& 121



FIT2010 (55 9 [@MIEHMZRMI#—5 L)

BHDEY 2 —MIBWIHSEBEMHEN%RIZ, R
Fir bW AR—PHEEEx)=0,08ZEEND. By
NHORAR—PEEREEFEEINDB L, HEEOAEIT (0]
W75, ZOREENFOEY 2 —ABRHETAZ LIk
D, BEVAI7ABKT L, ROGEEHEICBITTS.

SHIL, BEFENSBEFBESFRTHB0,
FREFFOREBEE A NI Ts 2 L kY, BHrEe
FTEeRBEY MEEEEBRTAZENTES. £212
28y b, $Rbb—ERRBMENHLIE TREET
LT ENHEEFEEOERERYT. ZOFETIX
x,x)=(0,3), (1,2), (2,1), (3,0) CEREUE 0" 573" % KB LT
W5, Z0hd, BFEEOAIE L0 EHRHTA D L
LD, ENEFNT —F & A= BRI DED 2 — /L)
LREFEINTWBZEPREFARETHS.

3.

e i

AETIHERTS 1 AFBICESERER &, fEkF
HBIZESBRER O, GG, Sk, E5RIELEE
BT HOWTEHRTA.

@t LT, 1 A5, 2 a%FSZNENE AW
BEET— ML XA, BIURERHEL BRELTX
7 2 BFRICE S BT FEEERY L 5. T EBE
i, B2 R TA—FREREEIR S LT, £FECT 12
vy N RERERIKEEBR L & & OGS, X6-o%
fittE, AA—7 v FBIUHEBEHIZOWTITFo. 7
L, BEERBTHAIL—FIZONWTIE 1| B2 L 5EE
FHRELTWAD, BEE—F, 8t — FENAFRIC
BWT, 2 A 5RXEKE2AVAEICIE, EXEEKEL
— 2RI 1 a5 2K BE2ERT I o N—F2EiEA
THELDETH. 2B, £EIFKIZ0.13um CMOS 57 / o
VERBOERHEOFEMTHY, V—FHOEREIT
lmm ZEEL TV 5.

# 312 HSPICE ¥R =2 L—¥ g VT TELN- T
BERT.

EAREIC B O I BT — NIZ L AEXERN, BET
— NIk A LB UTHES LT & 5. 2,
M 1Rt Loz, ERe— FEXCHERECHESR
BENFRERTZD, F—EBHRE2 AW AEEN ER TR
ThdRE, REBACTRBICHSEOBRHENARETHSL
», BEE-FICTTF—#BLEIIHICABRTAISNEOL S
REEFHOEBRNTRETCHDLZ ENBHETHS.

EEEIZ VT, BRETCEE2RIBIELITSEEE—
FDOFR, ZEEFEEDZIERT— FLEBELTEVS,
RETH 1 EHFBCTE S 1 ¥y MEEREIRIL, SEET
BEMBL-AH 3 LR_VEBETHLID, HhABREDES
HEMRFT A ENARETHS.

EMEZV DAL~y MZOWTiE, BitE— Fick
LZEBNEBET— FIZLA2EREKIBICERD. #EXBEK
TDAN—T"y M 2 BFFICE IS EBHRT— FERIY
S EHEMEETH DM, SEOEMTIINL—F L ORI
SRELTHREBRNLELRDDIC, BRETAIERE—F 1
1 vy MEBERLAS, 2 By MEFREBR L VIR
BRICEEFEoTWA., /-, ¥y FY D OEBEHIZS
WTh, 2 BAFEEAVWEROGEELRIS DA ——
~y RRKREWED, RBRETS 2 DOEEFER, BiCER
E—R 161y MEBEBEP b L BEVWEHE RS T
AV

386

in_data0 ¢ datal
e | out_data
out_ack0d "'T_a'c-kl
out datap | Router0 BLaX[E Router1 in_datal
| foan
REREREN —
in_ackQ out_ackl
2 : PR
#* 2 : FHMbRER
Bhe |(ERe
EEI1£ | B2 | Bing 1t (RE) | b (iEE)
;ﬁ;ﬁﬁ%ﬂéﬁ)ﬁl 50 50 24 24 12
{2381 High High Low High Low
éﬁ;;\zé;" 017 015 03s 0.35 0.45
'(iﬁgtj:) 773 1571 1959 347 973
4. &8

ARETE, 1| AFSTEEIN-ERBEERL L DE
BEMMELZZRLE | AFSCEIBWFREEFR &%
DEWE— FEHIZ OV TR, FEER LY, AFHE
DN TH D 20D, EE, BMEBREHREEERY
KHTHZERETFENT.

SHOBEELTUL, FREIMRo S Xy hu—
7FF AT, BEGRERBEEZELALT L& OTES
TH52E23bToN5%. 7L, HABREOCEHBOEKE
filiiX HSPICE R ED R TV PR EZLNAL I 2 L—F TT
ITIFRFEM o X FRKR&E W), RERRE FALL~L
T T A7 DFNRETNMALRSLELEZ B,

E i3

ARFRIE, REEATEREEN [IST] DBKH B
T (CREST) WRBITAHFEMEER [F v &7
VLSI A7 ADOEBREHT ] OWMERE (F4 20271
Xy NT—IF v F o7 FTy 7+ —LDEE] OXE
WZEVITEoNRELDTHY, i, ERKEAHEERY
AT LREHERE L Z—%2BLY ) TV ABREHD
BhTiTbhizboThBb.

SEXH

[1] L. Benini et al. , ““networks on chips: A new SoC paradigm," IEEE
Trans. Comput., vol. 35, no. 1, pp. 70-78, January 2002.

[2] D. Lattard et al., “*Reconfigurable Baseband Platform Based on an
Asynchronous Network-on-Chip", IEEE Journal of Solid-State
Circuits, vol. 43, No. 1, pp. 223-235, January 2008.

[3] Vangal, S. et al. ““An 80-Tile 1.28TFLOPS Network-on-Chip in
65nm CMOS,” IEEE Int. Solid-State Circuits Conf. (ISSCC) Dig.
Tech. Papers, pp.98-99, February 2007.

[4] J. Sparso, et al.,"*Principles of Asynchronous Circuit Design," Kluwer
Academic Publisher, pp. 9-28, 2001

[5] M. Dean, et al., “*Efficient Self-Timed Level-Encoded 2-Phase Dual-
Rail (LEDR)," Adv. Res. in VLS, pp. 55-70, 1991.

[6] T. Hanyu, et al., “Bidirectional data transfer based asynchronous
VLSI system using multiple-valued current-mode logic," Proc. 33rd
IEEE International Symposium on Multiple-Valued Logic, pp.99-104,
May 2003.

[7] T. Takahashi, ** Asynchronous duplex communication based on wire-
shared current-mode signal multiplexing,” Supplemental Volume of
the 2004 IEEE International Conference on Dependable Systems and
Networks, pp.190-192, June 2004.

[8] A Mirata, et al. “Efficient Asynchronous Protocol Converters for
Two-Phase Delay-Insensitive Global Communication,” Proc. 13th
IEEE International Symposium on Asynchronous Circuit and
Systems, pp.186-195, March 2007.

G 143D



