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Figure 1 Diagram of a flexible and stretchable electronic system
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Figure 2 (Color online) Diagram of island-bridge structure
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Figure 3 Diagram of flexible and stretchable electronic system based on network-on-chip
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Figure 4 (Color online) Diagram of the communication architecture of honeycomb network-on-chip (a) and the structure
model of honeycomb network-on-chip (b)
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Figure 5 (Color online) Stress and strain distribution of the honeycomb network-on-chip when tension is 10%. (a) Overall
stress distribution; (b) overall strain distribution

¥ ¥
0.000 2500 5.000 (mm)

1.500 4500 1250

(2) (b)

Ele (MERFE) ETHSHIMEANZMETFRGEES 10% BRTRAMEES 6

Figure 6 (Color online) Stress and strain distribution of the honeycomb network-on-chip when compression is 10%.
(a) Overall stress distribution; (b) overall strain distribution
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Figure 8 Diagram of different topologies. (a) SPIN; (b) BFT; (c) Mesh; (d) Torus; (e) Octagon; (f) Spidergon
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Table 1 Comparison of the parameters of different topologies

Topology IPs Routers Node degree Diameter Links

SPIN [12] N 3N/4 (N > 64) 4 N/8 TN/2 (N > 64)

BFT [13] N N/2 6 N/8 2N

Mesh [14] N N 5 2(V/N - 1) 3N —2v'N

Torus (1] N N 5 2[V/N /2] 3N
Octagon [16] N N 7 [N/4] (Nmod(8) 4 1) x 20
Spidergon [17] N N 4 [N/4] 5N/2

Proposed N N 4 BvVN/2] -3 5N/2
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Figure 9 (Color online) Diagram of routing algorithm in honeycomb network-on-chip
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Figure 10 Turn model of routers. (a) Turn model of routers on odd node; (b) turn model of routers on even node
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&% 1 Routing algorithm OEXY

Input: C(Xc,Yc), D(Xd,Yd);
1: while (Xc,Yc) # (Xd,Yd) do
if Xc is odd then
if Yc > Yd then
Go down,;
Yc = Yc — 1

28:

29

Output: Output port of the router.

else

if Xc < Xd then
Turn right;
Xe = Xc + 1;

else

Turn left;
Xc = Xc — 1;

end
end if

else

if

if Yc < Yd then
Go up;
Yc = Yc + 1

else

if Xc < Xd then
Turn right;
Xc = Xc + 1;

else

Turn left;
Xc = Xc — 1;

end
end if
end if

: end while

if

* 2 ETAREHRINGHNA EMEHERSHY

Table 2 Basic parameters of different topologies

Topology IPs Routers Length of message (flits) Depth of buffer (flits) Routing algorithm
SPIN [12I 16 8 32 2 NCA[29]
BFT [13] 16 6 32 2 NCA [20]
Mesh [14] 16 16 32 2 XY [20]
Torus [15] 16 16 32 2 Adapt XY [20]
Octagon [16] 16 16 32 2 Adapt_min [20]
Spidergon [17] 16 16 32 2 Adapt_min [20]
Proposed 16 16 32 2 Proposed

DIFE T A ORION 3.0 91 SPAN R FR AN 44 £ 1B 2% (R TR D REREA T4 FL AT 25 7 L 21
AL

% 2 .
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Table 3 Comparison of the area of different topologies

Area (pm?) SPIN BFT Mesh Torus Octagon Spidergon Proposed
Channel 0.04 0.03 0.05 0.09 0.05 0.05 0.04
Switch 0.13 0.05 0.17 0.17 0.11 0.11 0.07
Input FIFO 0.03 0.02 0.05 0.05 0.04 0.04 0.03
Output FIFO 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Total [16] 0.21 0.11 0.28 0.32 0.21 0.20 0.15

R 4 ETTEHRINEER R EREIFELLIR

Table 4 Comparison of the power comsumption of different topologies

Power (mW) SPIN BFT Mesh Torus Octagon Spidergon Proposed
Channel wire power 15.28 11.97 18.66 26.03 13.40 11.51 13.59
Channel clock power 0.48 0.36 0.73 1.21 0.62 0.61 0.52

Channel retiming power 0.19 0.15 0.23 0.32 0.17 0.14 0.17
Channel leakage power 0.18 0.14 0.27 0.46 0.23 0.23 0.19
Input read power 0.29 0.21 0.39 0.35 0.28 0.24 0.29
Input write power 0.29 0.21 0.39 0.35 0.28 0.24 0.29
Input leakage power 0.03 0.02 0.05 0.05 0.04 0.04 0.03

Switch power 2.04 0.78 1.82 1.66 1.02 0.84 0.86
Switch control power 0.71 0.30 0.69 0.62 0.43 0.34 0.36
Switch leakage power 0.49 0.13 0.47 0.47 0.28 0.26 0.16
Output DFF power 0.07 0.05 0.09 0.08 0.06 0.06 0.07

Output Clk power 0.18 0.12 0.30 0.30 0.25 0.24 0.20
Output control power 0.04 0.03 0.05 0.04 0.03 0.03 0.04
Total power 20.27 14.47 24.12 31.94 17.10 14.77 16.76

M 3 AT LUE B, ASCHR L T s SR A B I B B SR I THIARIZE /N T SPIN, Mesh,
Torus, Octagon I Spidergon M) B, (KT BET $HHMSEHIM A B4, 555
Mesh ZEHMHLG, ASCHR H OS5 FIR/D T 46.43% THIAR. FEDHAEDT I, Wik 4 s, FE T s dn4hm v
I TR A B BT A SR R THT AR AZE /N T Mesh, Torus, Octagon 1 Spidergon #iFM45 M) F 4% A KT
SPIN Al BFT #hidh5H I L%, 5 Mesh S5 HAARLL, AR SCH ISR DIFEDD 1 30.51%. {H
T SPIN Ml BFT $hHb M 25 T RIS M40, bS5 M A /e KRB A2 X gLk, X5 H ATk
ML SR B E A AT JE, It LA ANE F =1 R 48, DRIt AN TEAR L DifE, DASGR I LT
RGN BV EER ISR G M BE, AN SCHE H R T s 40 4 B R 28 08 T H R g8 i) 6 Fh
LR TSy )

6 %1t

AT INE N T MG TR T RGN B IE AR TE M T izde
SERIRBR 5% OEXY. M35 (A1 B 23 L G5 M AE R (AN R 246 15 0 T T AR 1 00, IR AR A R W]
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Design of communication architecture for flexible electronic sys-
tem based on honeycomb

Changqing XU, Yi LIU", Sen YANG & Yintang YANG

School of Microelectronics, Xidian University, Xi’an 710071, China
* Corresponding author. E-mail: yiliu@mail.xidian.edu.cn

Abstract In recent years, the emergence of flexible electronics has led to the rapid development of wearable
devices, medical electronics, flexible displays, and the Internet of Things. With the increasing complexity of flexible
electronics, more and more functional devices are integrated on flexible substrates. Communication between
functional devices has become one of the most important issues in flexible electronics design. In this paper, we
proposed a novel communication architecture of flexible electronic system based on a honeycomb structure and
novel routing algorithm. Compared to the traditional structure, the proposed structure can effectively avoid the
rupture of interconnections caused by excessive local deformation. Compared to the mesh network-on-chip, the
area and power consumption of the proposed communication architecture are reduced by 46.43% and 30.51%,

respectively.

Keywords honeycomb structure, flexible electronics, network-on-chips, island-bridge structure
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