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Abstract; To address the power consumption challenges faced by high-performance switch chips in advanced process
technologies, research on the low-power techniques based on the combined input and crosspoint queued (CICQ) switch archi-
tecture is conducted. The sources of dynamic and static power consumption in the CMOS integrated circuits are analyzed to i-
dentify optimization directions. An enhanced output bus buffer design and a flow control feedback mechanism are used to re-
solve the issue of head-of-line blocking in multi-port data burst scenarios. By completing the clock gating, power gating,
and multi-voltage domain techniques, a refined power management scheme for covering the port groups. memory units, and
SerDes interfaces is established. Additionally, from logic synthesis to physical implementation, a complete low-power de-
sign flow based on the unified power format (UPF) standard is constructed. Experimental results show that with a configu-
ration of 12 ports X 4 operating mode and a single-channel data rate of 12. 5 Gbps. this approach reduces the chip’ s total
power consumption from 9. 345 W to 5. 520 W, achieving a reduction of 40. 9%. Specifically, the internal power consump-
tion is reduced by 48. 2%, the switching power consumption by 46. 5% , and the static power consumption by 33.4%. This
method effectively meets the power control requirements of high-performance switch chips and provides a viable low-power
solution for similar communication chips.
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TR B AR E AL TARE SRS, 2GR
R IE AW HRAS
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BRI T3 BB B R (O 5845 A1 B 4 1] 4 R 4 —
#FO; %4 SLP_DIS Sk 1#f, PWR_ MODE & {i
Ly DGR T4 e i A 5000 TR K XoF A O A7 i i A5
SCHER U G, Bz, SLP_DIS _SE|HEZBEET
RIS A0 B B 1 1 0 S Rl b 1 — 2B R A G A8 o
IkE

[o] BECLIR
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3.3.3 SerDes $ [ H Y5 & Wr

A 5 12 241 PHY B 32 Rr 30 245 o IR G Wi T
fig, ZYIfgd L SerDes ) power down [47: 0] {55 i
rdiil. EILICE N, R 4% SerDes H ) #L I8 34 0] 7
S R, SEELT X TR RS 404k A5 B

WEEE M, M@ CB _ COL _ PGATE % %
A S W Aty 1 2H B R R B, X 4 4% SerDes %
BB OCWT, 3X 2 i o 1415 SerDes 4% [ 1 Bt 43 3¢ R
HE
3.4 ZHEEHXNS K UPF XHEHES
3.4.1 UPF KM #E BRI

UPF Jyits F i it i B4R 4 T — i 48 — ) AR 2 #E 52
PO ESY, MRS S WIS E L R UE A,
X — S AR B R RS ARG E . B
55 TIE 0 47 3 S S5 B B AR B A S

UPF £ TH@R S IS HFE R, &k
TR TT R IR 0. e BB L R B A R )
WET e, fEN —Fppk 37 F RTL B3 1 A SC
UPF 5 RTL 3 [ 44 pioes f i it ) 2Ll

HEEARITB B, EDA T HAVT B UPF CH-1E R
iAo G THER RTL AU AP 4G UPF SO, 7858
JEE A I i R R RIS ) UPE' . % UPF U BE AR
TR UPF BZhFEA 0, X T4 A B dhim A
RFRR T PR BRIt TR MHRRERE
HE . iR AR T E IR A S Y % K UPF' 3¢
P SEPHL TR R A A o R R R T )
W Ak — 25 BB ) UPF'SCF. it UPF'¥E 4% 7k UPF'
ETHAEMER L, BA T B E IR it .
3.4.2 MR 4y K UPF 523

T UPF fpdfE 2 R 5 THBIRE AR, FE
TEH A A B B AP, SRtk
HIEF R ITTE RN R T, EHfTBE A0,
T RN ARG UPF ST A SCRY T #E 457 HE 22 44 A e IR )
HAFE, BRI P ITIIE A S ERE, IR
BRI AE H b5 1 7] PR 45 1 o 1 2 4R T g .

W A0S BRI 43 Ry 13 Ak sy M R, Hoh g
A H I 4 ) 6 i — A A, A 1A R Bk 32 e
B, R ITPIRE.

U9 T 7R Sy 3400 R R ek 45 R 3k % EE R VR A
HRHSAN R . PD _ chip _ switch B E P RS, TAEH
JE 1.8 V; PD _ port _group _ top _ 0~PD _ port _
group _top _ 11 24 12 AW e o A AR5, TAEH
£ 0.9V, ¥R LHRIEACES, BIAFFREH
SAER G RIEC E . IR AT IR S ST DU AR OC T I A S
SEAEPE,

A BT M AR UPE A ofE A i 52 48 10 IR 2 #€ it

VDD PD_chip_switch
0.9V always on
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PHY1 |
PHY2 |
PHY3 |
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T

—| PD_port_group_top_0 I—
—| PD_port_group_top_1 I—
—| PD_port_group_top_2 I—
—| PD_port_group_top_3 I—
—| PD_port_group_top_4 I— PHY4 I—
—1 PD_port_group_top_5 I— PHY5 l—

_1
_1
_|
_|
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—1 PD_port_group_top_6 I— —| PHY6 I—
_{
_{
_{
_{
_{

H PD_port_group_top_7 | PHY7 I—
—1 PD port group top 8 I— PHY8 l—
—| PD_port_group top 9 I— PHY9 l—
—| PD_port_group_top_10 I— PHY10 l—
'{ PD_port_group_top_11 | PHY11 I—
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DIFERE @B . R, #@ade CHEREFR R ®
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BT UPF my b dEAL R . B 0% T 2R 4 22 18
B Y S B RE HEAL 3 . R ACH I i RGERARTIAE H AR
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4 DRGERIILESH

41 RMGE

AR SCR I HJ7 10 S s i 2R AT DI RE AL . i
FEAG B AR B A LI

e RTL 5 1R VED #2000, 721
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PR, . BT CICQ 245 AR AT 5 5 it .+ 203 -

B SATE SO 0 LB 08 20 5 B 5545 i B 22
5L ST BB S AE A

SRS HIT .

D BIRC TR B T2 TR A I
A« 91 3 T S 77 2R 8.

2) AR ICME: BEIRGEHEE RTL B S0P St
BE 9 P 2 A

3 MRIHET AN WL “load _ upl” 74 4
A UPF SCRF« W15 H 0o FE S0 43 o ot 8T 56 2
T R FE B R

D BERWRABIE: G “set  voltage” 14
o IR AN T A HLIE . S T A AR o 5
F1 2 5 4 510 25 BT B 0 1

5) Wi £ KR —BHE: AT “check _my
esign” 4+ RYACHUE R WA B . L 0 26 2 I
ROTE 0 E W

6) LM HEI T BB ST I AT
VA0 YA TG « TP T RE L 45 DR TR
4.2 RIS

HEFREEATE S B0R B0 125°C 0 £ 12 31 X4 T AR
BUS % 12. 5 Ghps SO I HE BT A P+ A< SO f
AR MR FEHR 0058 B85 1T T D HERFA . 045 AR
PRV IS AE R 2 B R« 5 H S S RE R 35 9. 345
W S, A SR LI 46, 1%, RO B % 1
FEOR L. I EIVE 16 56 T 295 T MO o 7
B SASTURE T, R4 S AR PR
B RERY 89, X1 CICQ M BN e .
PR AL AR O O 52 0 2 4 S 5 61 X0 B T 1 T
I

SR IF R I, o 3 /D 1 I B gl A A7 A% A B
ARIIRE . IS, A AE AR I AEREAR 18. 000, h T A7 4%
AUHE I b AT S5 e A G D I b R A T 3 3
BT Meoh. G 23S DFEREAT 26. 400, mFgh %
Wija » 5 Z ARG AR AR I sh ke 2 A5k, AT kb 1
BT B B R L . R AE BRI T AR I R R
B X A e X 45 K 5 2 TR 2 ) B A L B AT SRR AL B
g

F 3 R EOR S T AR RS w
Power Group Internal Switching Leakage Total
Power Power Power Power
io_pad 1.174X10"12.126 X 10 7{1. 049X 10 *|2. 436 X 10 *
memory 0.090 1 ]3.297X10° 0.084 0 0.177 4
black_box 0.000 0 ]2.084X10° 0.000 0 ]2.084x10°
clock_network | 0.990 9 1.036 7 0.129 1 2.156 7
register 0.137 5 0.056 7 0.463 8 0.658 0
sequential  {2.367>X10 *|1.311X10 *|1.117X10 *|1. 354X 10 *
combinational 0.275 8 0.676 3 3.186 7 4.138 8
Total 1.494 7 1.775 1 3.864 8 7.134 5

e 4 g PO BE T 45 H VR R I DR SR A . AR
TR, BIFESE— B %E 6.669 2 W, fRfkiEE
K 28.6% . Mufi 4L IR BE DI WIS . % Sk A Ik
514 0. 5 1 T O AR AR T O e AR AT B . X AR B
WAL A 2 AT KIEFEAL 24. 9%, fEG#8 i
BINFEREAR 36. 020, [F I 4 FEAK 2 A Th#E, W U ¢
W7 8 R R P R B S AR TS B . L S S T RE
A%, X P NS NFEREAL37.8%, HE
WA R 29. 5% . (HAGTEREA R, Wb M %
TG 1 ARG 32 2 5 T 56 W a0 17 %) 5 A 43 S 45 1k 3 B
AP BT T4 i o7 8, 302 DRk 1T 42 FL IR 1Y
WAL BRSO . LG TR A AR B AN BT X s A 54T RS 4
Pl o BOZE B T A R YR DA B T B S ) RE

F 2 M REARTIFEH A B Y T FEH w
Power Group Internal Switching Leakage Total
Power Power Power Power
io_pad 1.192X10 *[2.177X10 °|1.068X10 *|2.478X10 *
memory 0.095 9 .579eX107% 0.089 2 0.188 7
black_box 0.000 0 ]2.099X10* 0.000 0 {2.099X10*
clock_network 1.807 1 1.811 6 0.132 3 3.751 0
register 0.195 5 0.075 1 0.532 3 0.802 9
sequential |2, 393X 10 "|1.322X10 *|1.129X10 *|1. 369X 10"*
combinational 0.299 5 0.746 8 3.552 4 4.598 6
Total 2.398 4 2.639 2 4.307 4 9.345 0

P b B AR AR LB S R ATk 3 R,
fERe Il o s, S FEREE 7.134 5 W, FEK
23. 7% . HARALSCR A AR IAE XS S A T FE RN . N
TINFEREAR 37. 7% . JFRIIFEREAL 32. 706, Hop, mt
fafr o) 2% I RE KR AR 47. 196, 3 e B MO A AR R .
3 3 DR Rty T B, S ST BR T 9% 4 s AR AR

HY AN AT A
F 4 HREITERBERE I FERS w
Power Group Internal Switching Leakage Total
Power Power Power Power
io_pad 1.173X107"]2.128 X1077{1. 049X 10" *|2. 435X 10"
memory 0.059 7 |2.256X10° 0.057 1 0.119 1
black_box 0.000 0 ]2.076X10"° 0.000 0 ]2.076X10°
clock_network | 1.192 8 1.253 8 0.128 5 2.575 2
register 0.157 5 0.057 8 0.331 4 0.546 7
sequential |2, 364X 10 "[1.319X10 *|1.109X10 *{1.346X10*
combinational 0.224 7 0.530 2 2.669 6 3.424 5
Total 1.635 0 1. 846 2 3.187 9 6.669 2

5 NERA LTS Bl o 14 R U L 22 v T AR
NFEBA G A58 . ME TR ah et N IAEfE
ik 48. 2%, JF 5 Ty & B AR 46.500, ## 25 Th #E B IR
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33.4%, M B IIAERE & 5.520 W, IR LR b
40. 900 . X — 45 R IRUE T A SCHT R AR S AR B9 1 [7)

PEACRICR
# 5 HREZ FRINAE SR G B T AE R A
Power Group Internal Switching Leakage Total
Power Power Power Power
io_pad 1.159X107*]2.103X1077{1. 035X 10" "|2. 405X 10"
memory 0.058 6 [2.164X107*| 0.0530 0.113 8
black_box 0.000 0 ]2.048X10* 0.000 0 ]2.048X10*°
clock_network | 0. 856 6 0.871 6 0.122 1 1.850 4
register 0.123 2 0.046 0 0.310 5 0.479 7
sequential |2, 328X 10 '|1.294X10 *|1.097X10 *|1.330X10 *
combinational 0.203 2 0.489 0 2.380 4 3.072 6
Total 1.241 9 1.410 8 2.867 3 5.520 0

5 #ARiE

ARSI S8 CICQ A8 4 25 #4012 Pk RE AC Bt H s R 40
PEHLF Y TARTIRE BT Tk SC oy 8. @ R A5
BP b TS AN 2 i I G R . 454 UPF 4x
WAL TR, WE T — BRI RIA R, LR
REW], 7E12.5 Gbps FUEIAHE R . 12 4 11 X4 TAERE
XM TOT . 25 A N AR RER AR 5 s 5 8T
FEM 9.345 W EZE 5.520 W, [&IE K 40.9%, Hedpn
T TNFERRAR 48. 2%, FFRINAEREAL 46. 5%, #HAShFE
FEAIK 33. 4060, B0AE T & M B A . & E, A3
P IEET CICQ 25 RN FERIT 5. BARIFW
PEALRCRE . FT A [R) 28 R HARE 5 5t i A IR T #E 1 T it
2%,

AW FEAIAFAE TG B 58 % 24 A S H AT T
B0 FLIGE . H AT i O B s R B AR
S5 B X AT R G PEAR B, b, BEE T
AT RS A, W DIRE M & LR E— iR, W
TR R Tk 1) DA B F R .
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