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A Register Clustering Method for Low—power Clock Tree Synthesis

TANG Junlong'", LU Yinglong',DAI Chaoxiong',ZOU Wanghui', LI Zhentao®
(1. School of Physical and Electronic Sciences, Changsha University of Science and Technology, Changsha 410114, China;
2. Hunan Great—Leo Microelectronics Co. Ltd. , Changsha 410003, China)

Abstract: With the advancement of integrated circuit manufacturing technology and the improvement of chip
integration, the demand for low—power chips has been steadily increasing. The clock network is responsible for more
than 40% of the total power consumption of the chip. Consequently, optimizing the power consumption of the clock
network has become one of the most important goals in the design of high—performance integrated circuits. In this
paper, a new register clustering method is proposed to generate the leaf level topology of the clock tree. By carefully
limiting the fan—out, load, and range of the clusters to reasonably group the registers, the method effectively reduces
the number of buffer insertions and the total wiring length, and the clock network power consumption is also
significantly reduced. The method is integrated into the traditional clock tree synthesis (CTS) flow, and its
effectiveness is tested and analyzed on the ISCAS89 benchmark circuit. Experimental results show that the register
clustering method effectively reduces the power dissipation of the clock network by more than 20% and the clock
offset by more than 20%, without affecting the maximum delay of the clock tree.
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Fig.1 Clock network
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Fig.2 Register grouping schematic
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Fig.3 Flow chart of register clustering method
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Tab.1 Benchmark circuit information
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Tab.2 Comparison of comprehensive results of clock trees
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Fig.4 Results of the clustering method grouping

in the literature [ 7]

A5 X PREFE;UALER
Fig.5 Results of clustering method grouping in the text

e M RE A R B BT I A 0 2% D R TR
SR B IIAET I OB , O T A B R 25 D RE
ARSCHR T — g L R B A A7 2 RS T 0k AT

JE P 2% I B R A 2 H 2 TR R I 2 T ) R
T A B (RS T 2R AR R A R Y
PN ) 2F £ 2 3R A2 LA 2B B B AR I A D 2 L
T 110 nm ¥ FE T 2% GRACET1LP K% 42 1 3
ISCAS89 1 i % — A~ AN [ RUASE (1% B psf 4[] 25 v f
() B R £ G R v R AT O B IR, JF 5 SCER (7
X5 L, B A 1 268 1 D AE 53 Bl FE AR T 20.3% . 23.8% Al
27.8%, I i 43 108> T 20.8% .23.6% F121.7%.
D5 B A5 R R W i A A7 f R T IR AE AN 2 Wi I
B e R SEE B (AT BT, AT R D T BB I £ 209%
DAL (R D) AU 20% DL L B S .

S22 3Lk

(L] BRTHR BRI T30 U454 14 /) i A4 405 DDR 2 1A
Be[J]. WM (A ABARR) ,2018,45(4) :155-160.
CHEN Y X, LIANG L P. A small area all digital DDR PHY
based on a novel structure [J] . Journal of Hunan University
(Natural Sciences ) ,2018,45(4):155-160. (in Chinese)

(2] AR, 20 EAR. L-DSP v IR B s S5 5c 1], W
FIRSZAAN (A AR, 2020,47(8) :69-73.

BAI C, LI F, WANG D. Design and implementation of L-DSP
on—chip debug circuit[J]. Journal of Hunan University (Natural
Sciences ) ,2020,47(8) :69-73. (in Chinese)

[3] SUH Y, CHIANG P T, SAMANTA R, et al. Clock tree aware
post—global placement optimization [ C]/2017 2nd IEEE Interna-
tional Conference on Integrated Circuits and Microsystems
(ICICM). Nanjing, China:IEEE,2018:86-90.

[4] SEITANIDIS I, DIMITRAKOPOULOS G, MATTHEAKIS P M, et
al. Timing—driven and placement—aware multibit register compo-
sition[J]. IEEE Transactions on Computer—Aided Design of Inte-
grated Circuits and Systems,2019,38(8):1501-1514.

[5] SEITANIDIS I, DIMITRAKOPOULOS G ,MATTHEAKIS P, et al.
Timing driven incremental multi-bit register composition using a

placement—aware ILP formulation [C]//2017 54th ACM/EDAC/



152

PN QR 2]

2023 4F

[7]

[10]

[11]

IEEE Design Automation Conference (DAC).
IEEE,2017:1-6.
WANG X X,DONG Y K,LIANG J W, et al. Timing—based and

Austin, TX, USA :

balanced register clustering in near—threshold voltage clock tree
design [ C]//2020 TEEE 15th International Conference on Solid—
State & Integrated Circuit Technology (ICSICT) .
China:IEEE,2020:1-3.

HAN K, KAHNG A B,LI'J J. Optimal generalized H-tree topol-

Kunming,

ogy and buffering for high—performance and low—power clock dis-
tribution [J ] .
Integrated Circuits and Systems ,2020,39(2) :478-491 .

DENG C,CAI'Y C,ZHOU Q. Register clustering methodology for

IEEE Transactions on Computer—Aided Design of

low power clock tree synthesis [J]. Journal of Computer Science
and Technology ,2015,30(2) :391-403.

HiKRRE . AT B B T [ 40 T 2 S AR 14 AR A A BT
[D]. REwt: ASRIK,2020:26-68.

DONG Y K. Register grouping design for anti—process variation
clock tree under near—threshold [D]. Nanjing: Southeast Univer-
sity,2020:26-68. (in Chinese )

SONG X N,ZHANG S Y,ZHOU J, etal. A variation aware regis-
ter clustering methodology in near—threshold region [C]//2019
IEEE 13th International Conference on ASIC (ASICON) .
Chongqing, China:IEEE,2020:1-4.
YANG F,LIN M H,SUN H M, et al. Time-efficient and TSV-
aware 3D gated clock tree synthesis based on self-tuning spectral
clustering[ C /2017 IEEE 60th International Midwest Symposium
on Circuits and Systems (MWSCAS). Boston, MA, USA:IEEE,

[12]

[13]

[14]

[15]

[16]

[17]

2017:1200-1203.

SONG Y T,LI P,LIU Z L, et al. Buffer reduction for congestion
control during timing optimization [ C /2022 IEEE 2nd Interna-
tional Conference on Power, Electronics and Computer Applica-
tions (ICPECA). Shenyang, China:IEEE,2022:36-40.

KWON T, IMRAN M, PAN D Z, et al. Virtual-tile=based flip—
flop alignment methodology for clock network power optimization
[J]. IEEE Transactions on Very Large Scale Integration (VLSI)
Systems,2020,28(5) : 1256-1268..

BZEVE BT RS, IR 45 R DDR3 A7t 5 45 4 16 8 g 22
FERAPLALLT]. Bl T4 53R, 2018,35(10) : 103-106.
HU J T, XUE Z M, LONG J, et al. Design and optimize clock
skew for high-speed DDR3 memory controller[ J]. Microelectron-
ics & Computer,2018,35(10):103-106. (in Chinese)
RAEBL, B, EHEK . — R R AG I s g B T A AL 7 1%
(. B2 5351, 2021,38(10) :85-90.

ZHU J Q,CHEN L, WANG H Y. A low—power clock tree design
and optimization method [J] . Microelectronics & Computer,
2021,38(10):85-90. (in Chinese)

GE Z,FU J, WANG P D. Low power clock tree optimization by
clock buffer/inverter reduction[C1//2019 IEEE International Con-
ference on Integrated Circuits, Technologies and Applications
(ICTA). Chengdu,China:IEEE,2020:69-70.

GABER L, HUSSEIN A I, MONESS M. Improved automatic cor-
rection for digital VLSI circuits [C]//2019 31st International Con-
ference on Microelectronics (ICM) . Cairo, Egypt: IEEE, 2020:

18-22.



