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Abstract A full-duplex asynchronous communication scheme based on one-phase dual-rail encoding is proposed
for on-chip high-speed communication. Since control signals and data from mutual modules are multiplexed using a
multi-level dual-rail codeword, full-duplex data transfer without clocks can be realized by using only two wires;one
wire per bit. As compared to uni-directional scheme, the increased level of multiple-valued signal is slight because
different valid states are assigned on a common codeword. As a result, it is evaluated by using a 0.18-um CMOS
technology that the throughput and energy dissipation of the proposed asynchronous scheme attains a value of 1.18
Gb/s/wire and 0.78 pJ/bit, respectively, at a wire length of 1 mm.

Key words Duplex communication, Network-on-chip(NoC), System-on-a-chip(SoC), Delay-insensitive.
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Fig.1 Channel model and protocol.
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Fig.2 Comparison of communication steps.
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Table 1 1-phase dual-rail encoding for full-duplex communica-

tion.

(a) Definition
Data (xp, xp’) Req (xg, x5")
“0” [ (O,1) OoDDb | (0,0)
“1” | @,0) EVEN| (1,1)
(b) Encoding process
Primary Transmissicn lines Secondary
PREQ | PIN |A(xpxp] Clxx) |[Blxgxs’) SIN | SREQ
“0” (0,1) W a (02) & (O1) “0"
opp L | @D b(11) & (1,0 .1' ODD
“1” (1,0) # c (1,1) 48 (0,1) 0
“1” (1,0) #» d(2,0) e (1,0 “1"
“0" (1,2) w» e (24) <r (12) “0"
EVEN “0” (12) ¥ £(33) 4 21) “1" EVEN
“1° (2,1) ¥ g(33) & (12) “0°
“1" (2,1) W h (42) 4 (2,1) “1°
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Primary Secondary
POUT (X)) = (xpxp) | Clxx7) (x,x’) = (xp xp") |.SOUT -
% | o1 (1) & a(®2) W 01 o<1
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0] 2 @3 @ ed) B 23 23
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A 332 (32) 4 h@d2) W (32) 3>
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Fig.4 Circuit diagrams of interface.
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Table 2 Comparison of performance.

4-phase 4-phase 2-phase 1-phase 1-phase
dual-rail 1-of-4 dual-rail dual-rail dual-rail
encoding encoding encoding encoding encoding (4]
Communication channel Duplex Uni-directional
Number of communication steps 4 4 2 1 1
Number of wires 6 5 6 2 2
Circuit realization Binary-CMOS | Binary-CMOS | Binary-CMOS| MVCML MVCML
Cycle time [nS] 1.78 2.00 0.88 0.85 0.94
Circuit delay 1.08 1.28 0.53 0.47 0.50
Wire delay 0.70 0.72 0.35 0.38 0.44
Throughput [Gb/s/wire] 0.19 0.20 0.38 1.18 0.53
Power dissipation [mW] 3.20 1.66 3.42 1.83 1.40
Energy dissipation / Cycle [pJ/bit] 2.85 1.78 1.56 0.78 1.33
Area [umz] 2070 2027 1843 2517 2171

HSPICE simulation with a 0.18-um CMOS technology. Supply voltage=1.8V. Wire length=1mm.

b -
VDEC HITACHI 0.18 um CMOS Technology, 1-Poly, 3-Metal (Al)

5 BfEFvTSEH
Fig.5 Photomicrograph of a test chip.
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Fig.7 Comparisons of performances: (a) Cycle time, (b) Power,
(c) Energy per cycle, and (d) Energy-delay product versus

wire length.
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