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A Study on Power Saving and Latency Reduction Methods for Wireless 3D Network on Chips

By the development of semiconductor technology, we can combine various IP cores such as processors,
caches, and I/0O modules on a chip. To connect a large number of cores, Network-on-Chip (NoC) that
introduces a packet switched network has been widely studied. NoCs have been utilized in cost-effective
embedded devices. Such applications often demand very tight design constraints in terms of cost and
performance; thus the silicon budget available for their on-chip network should be modest.

Due to the increasing design cost of custom System-on-Chips (SoCs) in recent process technologies,
System-in-Packages (SiPs) or 3D ICs that can select and stack necessary known-good-dies in response to
given application requirements have become one of hopeful design choices. The three-dimensional
Network-on-Chip (3D NoC) also becomes an emerging research topic. The 3D NoC architecture has been
extensively studied in terms of its network topology, router architecture, and routing strategy.

We pay more attention to inductive coupling among variety 3D interconnection technology, because we
believe it provides the flexibility to build the target 3D ICs by adding, removing, and swapping chips in a
package after the chips have been fabricated, like building blocks.

However, two issues emerge: considerable huge power consumption and routing scheme for
topology-agnostic characteristic. Only a few inductors can be embedded on the chip, because the total power
consumption will be unacceptable. This issue effects the scale of wireless 3D NoC. For the routing scheme,
the previous works never involve this issue for inductive coupling based wireless 3D NoC. The above
problems must be solved, otherwise the inductive coupling based wireless 3D NoC will not be competitive.

For the above aim, this thesis explores an effective low power technology for ring and irregular based
networks, respectively. The vertical links can be dynamically shut down according to the run-time vertical link
utilization. Two suitable routing schemes for topology-agnostic wireless 3D NoC are also proposed that
enable the chip could be replaced or removed after fabrication. The first one collects topology information at
the chip boot stage. The topology will be considered as irregular topology. The Up*/Down* routing is used for
transferring packets; Then second one identifies mesh topology from the whole network which is considered
as irregular topology by the first routing scheme, automatically. It uses dimension ordered routing in the
extracted mesh structure as far as possible. Other parts of the network is treated as an irregular
network and Up*/Down* routing is applied. These above technologies can enhance the competence of
inductive coupling based wireless 3D NoC.

Finally, we summarize our proposed methods, utilizing the on/off vertical link technique for saving power
and employing improved Up*/Down* routing and mixed routing as routing scheme. Based on the above, we

discuss how the current work could be explored further in order to develop power efficient wireless 3D NoC.

-70-




WXBEEDEE

WEEE 55 4053 & K 4 Zhang, Hao

AMCEAMEYSE . A B HEF BN PRI Tt REPSHT

e B HEF AN AR THLE e

B2 BB A% (%) BEBL

BEERSA R FRERRAT  E (T5) I

(L), &t (L9, Zang, Hao (5R %) EOFFEKFmCIE A Study on Power Saving
and Latency Reduction Methods for Wireless 3D Network on Chips (VA ¥ L A3D%v k
U= F o F v T OI2bDOEET], KBTI FEOME) LEL, EENLKD,

HESEA WU A ¥ LA =t NoC (Network—on—Chip) 1%, #k4 ZRFEFEDF v 7 % FHk
WZHE T A FiEE L CGEFER STV, Ll ZOFEL, Fy 7R v 7 o
/)73, TSV (Through Silicon Via) 72 Efthd =IRTHEEEFIEIZ AN TRE <20 HW s fifE
Lo TN, RXTlE, 7 A LY 7 @ ON/OFF Z 4 2 FEOEA L | L—T
4 T FEOHRRIZEY . =kt NoC DENERE UEZHR D,

FTHFET, BREmXOBAMERR, Hi< 5 _FETIENoC ENEROIEEE I T1E%E
P—_A T 5, FEFETIE, VAV L A=RITNoC 2N L, IEEE OB RKNEETH S A
IR L TWD,

BWNELENARLOFETH D, TTF v 7R > VDO RTANRE L —RET X
A LT ON/OFF 35 FyEAZ#RR L, H4MIC OFF 75 ik, &2 TCh Y v 7 % OFF 5 FiEB &
WEDAEDLEEY 7D NoC IZBEH L, 77V 7 —3 a VEIMERFIZHK 25% DIEE /)
EHRR L7=, Vo 7ROy FU—7 1%, BMESIEREMELS . B rTieR T v 7L IRE S
N5, FZTEHERLETIL, AEEDOIIRD NoC 12615 U 7 D ON/OFF FEZIREL T\ 5,
EERROX Y NU—271%, @) o 7%y FU—ZZH_TY 7 BNL N T-0, FEsIC
flEoTWRWNWY > 7 & OFF L, EEREEICEID V=A 7T v 7T 5 FREEHANTNDS, 08
B, TV r— 3 VEATRRIZOD T 1 4% OMEREIR T TR 50% D1 E HE 1 DB ) L T
W5,

RITHFARFETIE, AEBRIRDO =RIC NoC ET, Ty MREORIKIRE Fik (L—F )
ELRTDHIEICED | AR L HEE N 2 2 A2 REL T\ o, 88T v 728k
fe I 2%a . BEO NoC [Tkt S LD F v N K> TIREDOIBRIZZR V15503, EBRIZITZ <
DF v FIA v v a2 EORR R IEEZE > TV D, £ 2T, F v IR g S &I,
Ay vakgEe it LT, 2O OBHANEE LD Lo —F » 72l i+ 2 FEZRE
Lz, TOMEBEFIEICLY | EFRLEEIR & BTG EITH L TR 12% O MEgER L K 13%
OIHBEBN ORI Z FB L., FHLERICITH M ESBRORELE LD TVD,

DL, Kigstix, 9% ALY 7% ONJOFF T8 FiEEN—F o V2% BTHFIEICL
D, A YL AZRICNoC DESINROLEZELZER LIZH T, TOEBRITLZE EDZR 20,
X oT, KiGLoFEHE I (L) O E2Z T L2EENHHHD LD 5,

_71_




	0-0表紙
	0-1目次
	0-2授与者一覧
	1-1 小原豪 内容の要旨
	1-2 小原豪 審査の要旨
	2-1 MOHD FAIZAL BIN HASAN 内容の要旨
	2-2 MOHD FAIZAL BIN HASAN 審査の要旨
	3-1 MOHD ROSDZIMIN BIN ABDUL RAHMAN 内容の要旨
	3-2 MOHD ROSDZIMIN BIN ABDUL RAHMAN 審査の要旨
	4-1 松田豊 内容の要旨
	4-2 松田豊 審査の要旨
	5-1 大畠一人 内容の要旨
	5-2 大畠一人 審査の要旨
	6-1 井本智明 内容の要旨
	6-2 井本智明 審査の要旨
	7-1 金井由悟 内容の要旨
	7-2 金井由悟 審査の要旨
	8-1 安達智史 内容の要旨
	8-2 安達智史 審査の要旨
	9-1 糟谷正樹 内容の要旨
	9-2 糟谷正樹 審査の要旨
	10-1 皆川卓也 内容の要旨
	10-2 皆川卓也 審査の要旨
	11-1 玉川奨 内容の要旨
	11-2 玉川奨 審査の要旨
	12-1 手塚伸 内容の要旨
	12-2 手塚伸 審査の要旨
	13-1 白兼研史 内容の要旨
	13-2 白兼研史 審査の要旨
	14-1 野崎貴裕 内容の要旨
	14-2 野崎貴裕 審査の要旨
	15-1 土方孝敏 内容の要旨
	15-2 土方孝敏 審査の要旨
	16-1 中村允 内容の要旨
	16-2 中村允 審査の要旨
	17-1 伊豆裕一 内容の要旨
	17-2 伊豆裕一 審査の要旨
	18-1 坂田幸大郎 内容の要旨
	18-2 坂田幸大郎 審査の要旨
	19-1 HUYNH THI MINH THU 内容の要旨
	19-2 HUYNH THI MINH THU 審査の要旨
	20-1 河皓平 内容の要旨
	20-2 河皓平 審査の要旨
	21-1 野口健太 内容の要旨
	21-2 野口健太 審査の要旨
	22-1 荻原陽平 内容の要旨
	22-2 荻原陽平 審査の要旨
	23-1 辻享志 内容の要旨
	23-2 辻享志 審査の要旨
	24-1 坂井秀男 内容の要旨
	24-2 坂井秀男 審査の要旨
	25-1 喜多奈々緒 内容の要旨
	25-2 喜多奈々緒 審査の要旨
	26-1 今田充洋 内容の要旨
	26-2 今田充洋 審査の要旨
	27-1 村田雄一郎 内容の要旨
	27-2 村田雄一郎 審査の要旨
	28-1 松岡貴英 内容の要旨
	28-2 松岡貴英 審査の結果
	29-1 馬場厚志 内容要旨
	29-2 馬場厚志 審査の要旨
	30-1 片岡裕雄 内容の要旨
	30-2 片岡裕雄 審査の要旨
	31-1 三浦奈々子 内容要旨
	31-2 三浦奈々子 審査の要旨
	32-1 佐々木雄希 内容の要旨
	32-2 佐々木雄希 審査の要旨
	33-1 新谷俊通 内容の要旨
	33-2 新谷俊通 審査の要旨
	34-1 齊藤美都子 内容の要旨
	34-2 齊藤美都子 審査の要旨
	35-1 張浩 内容の要旨
	35-2 張浩 審査の要旨
	36-1 安藤真太朗 内容の要旨
	36-2 安藤真太朗 審査の要旨
	37-1 菊田洸 内容の要旨
	37-2 菊田洸 審査の要旨
	38-1 野村次郎 内容の要旨
	38-2 野村次郎 審査の要旨
	39-1 柴田崇統 内容の要旨
	39-2 柴田崇統 審査の要旨
	40-1 本間裕貴 内容の要旨
	40-2 本間裕貴 審査の要旨
	41-1 茅根文子 内容の要旨
	41-2 茅根文子 審査の要旨
	42-1 岩崎雅二郎 内容の要旨
	42-2 岩崎雅二郎 審査の要旨
	43-1巻末

