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Abstract  With the increasing of processor’s integration, area and working frequency, clock
power consumption is increasing exponentially, and the cost of synchronization across different
clock domains becomes serious due to distribution’s non-uniform. Both of these issues have
already become the bottleneck that restricts the energy efficiency of the processor. Normally, the

processor core’ s power consumption accounted for more than 70% of the total power of the multi-
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core processor, and clock power is the main component of the process core’s power consumption.
DFS (Dynamic Frequency Scaling) requires to trigger clock interrupt exceptions and reconfigure
PLL (Phase Locked Loop) ’s relevant registers, but state shift results in milliseconds level system
waiting time. AFS (Adaptive Frequency Scaling) without system control continually adjusts
operating frequency by tracking power supply level’s change. While frequency overshoot could
not be avoided during the tuning process, which brings extra physical timing constraints. Clock
system’s low power design could not be at the expense of processors’ performance. Clock distribu-
tion’s delay deviates with PVT (Process Voltage Temperature)’s variation. Increasing timing
margin to compensate for clock phase differences will directly affect the timing performance of
critical paths. In this paper, a new synchronized intermittent clock system based on decoupled
De-skew PLL is proposed firstly; subsequently a De-skew PLL which supporting stable phase
error calibration is realized in 12nm CMOS process; finally, the timing performance and clock
power consumption are evaluated for the whole system. On the one hand, this new clock system
structure not only can realize real-time phase alignment between different clock domains by De-
skew PLL’s remote feedback, but also can immune clock tree delay’s PVT variation by real-time
in loop tracking; on the other hand, De-skew PLL’s decoupling module can decouple the rela-
tionship between clock tree frequency and PLL’s loop configuration without loss lock, which can
be used to realize the dynamic power consumption control in sub lns response time without fre-
quency over shoot. Taking 12nm cascade clock system as an example, each stage clock distribu-
tion synchronization deviation can be achieved less than 10 ps after software phase calibration.
L.S3C5000 16-core processor’s RTL is adopted to run the SPEC CPU 2000 test set on the simula-
tion acceleration platform to evaluate the effect of this new structure on the processor core’s clock
power consumption, and further through PTPX post-simulation verification, the results showed
that the average power saving of fixed-point program and the floating-point program is greater
than 4. 5% and 20. 3%, respectively.
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B T i A v CR R VAR BRI o B B T B AR AR
R ) BN . B B 3 s . DFC 5 2
X HVIE Y B AE A R AR PR A A R A ok e B
DFC R JHHUAR R 1 BiE 5 5 Lock fERRESS & . R
H inmerstop_ctl 7 5 AE S 12 1 (8] BRAT 5. 24 ik 4 B
FHIR IR BB E 5 Lock 15 5 & 5  DFC 3#F AT [] #1CR
A7 D) L B B E R 37 18] BRO(E 5 L A Lock
T EE AT YRGS innerstop_ctl H
CO7AE Ry 17 TR ERCA R Fa S R frefp AN four
F18Y o Jk o [0 B 2 2% B ‘i 0 52 45 I Al 349 350 A B
Z 5HMOL T LL up/dn {55 07 AR A AT
BT AL 2E Ao WAETCAE L. R 2 PR 47 76 I
AR A A TR S b fourp , AT 2
innerstop_ctl PTAJERFE i A BORA 1728 )y 07 1,
B A 52 TE . R B AE B E A7 R AR BRI 5 R 3
AR AR AE 5 WOE a1 3 Fr . [F] 25 (] i 72
rh I b AR 52 AT DR AR X 5
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ck_in

k_out
)y

22 With DFC control

innerstop_ctl

@lock,pll_rxln
fref | Srefp [De-skew] fi .
DEC PLL

lock

Q
DF
D

inner stop_ctl

## No DFC control

Deele innerstop_ctl
i gpen S
T

rstn_pll

lock
fref

innerstop_ctl

frefp

ela

fout_leaf 5\
w1 TE | | | |

dn_nodfc

dn g ’L
=

Ao 8

fout

up_nodfc

| L]

Ag_nodfc

—

(CIRR 3 SN S A AN RS S SIALINE B S - PRI ISP S i A ER=R 3

4.3 De-skew PLL &t 58
4.3. 1 R R BT 9 FE AR

R PR 0 32 2 AR B 2 . 1 e R T S A A
PFD(Phase Frequency Detector) X} %y A £ 2% B} g
cllre f_in FIF b % 7 4 i 065 4 20 B0 )5 44 B 45t I
etk fo_in BEATHAAL LB A2 A 25 Ao TNIAT 4 By
71N » P JE A AR 7 38 £ F5S 1) R0 8 D AR ) A A 22
PEAHSC B FE M H e Vi BT Vi 20 IR 3 48 77 22
BT A s 5 R — IO S R . e clkour 5
clk fo HA A ) A9 530 3 I o3 A 2 B A [F). 35 % i
b 7 A VR R i 2 5k B UE L i b I P ) AR G R
FEARZA 2 (2) o [R) IR 52 15 IR 4 1 2 25 I Pl A 36 A ) HL
AR BEAS — S0 AH AL B A — S0 DR g 8 A 36 g 7
FE JEAFAE — A [ 58 19 B 25 A0 28, AR ST iy B A
P 308 3 AR A A T TL A e A A 25 22 Y 52 T ol iy A\ =
2 I b R S I A 22 8] B9 R 22 8 T de /N S I ) 5 B
i 10 ps.
veo_clkp  clkre f X P

2XM N

Z R PR AR G5 R A0 1 4 B b

T B 0 9 2R N i A A5080 - M Cli 4 23 5580 1

clkout=-clk fb= (2)

P (IR % 53 R0 of 52 BT A 5% . 3R 5 4% 1) T AR 3t
H& veo_clkp PR T P05 i L I Bl AR g5 R AR b 0.
Pl 4 v R 2 Sk Tl e Dy B B At S A X 2 O AR
B IR FTIT 1A Mo [l % 73 28~ SIS e g i DA e
ARSI 1 SR (] ) R AR AT AR BB 4 A
AR — A e R TR A 2 A RN BURE B L A o R
W) BRASCT £ A B AR 0 A R A B A P
BiARS oA e X SR AR P SR MESH 254 L I i 45 44
AT IBARZL 519 58 Z 8] A AL RS 5. AR B
PR B A I B cLkow (LB T K el fO AR R
B A, 3 A B 5 [ % AN i 0 A0 4 0 % A S
clk fb 3K BIFR B I3 A A BEAT 00 90005 BB 2 S A 2
A SEBUER AT 4 8 Ao B B 2 A R R S B R
(55 R Bl clk fO S5 AR B clkre £ 2Z TR A
BEXE 57 A SCBETT B B IR R T T H i B DU % 25
F T S R ARAE TR, R A R b XUER 2%
8 AT DAAR Jeg 9 38 10 80 A AL P B oL % 5 3
13 i S 25 A AR A R T B T A AR L BR B SR
S B B 2R 8 AR L () 2 o RS R 22 A R 7 A T b
i L B0 SR A 4 3o A v i S AR A A2 1 A A )
EZ et PSS
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Ju /N| | clkfb_in /
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El% ?s e clhfb
7t /P
PLLAE A4 COREfE 1 35,
4 e m AR BR 45 1 5t B ]
s
= Adjust Soft
Y phase phase_align oltware
% élﬁ check control
;.Q ........................................................................................
. o wupyuplap? N
clkref; b {N Delay- - (lkouTZr
o Div] Line-R
dndnl dn2
Delay- P M
| Line-B Div % Ul clkfd
checkcode (3:0)
sel

-

o

&

4.3.2  FAASHZE WAL AME BT

HABLAMEE 1L XS clkre f_in Fl clk fb_in FEATHH
A7 L 57 3 2850 22 4 it 22 7 o) - AT 31 R 4
il o DT 28 A 8] 8 L o A I L A N clkre f 5 clkbR A
22 IR B RAL IR 25

clkfb 5 clhref J& clkfb_in 5 clkref _in BH
PEANEE. WK 5 B/ clk fb i i3 Delay-Line-B(DLB)
JECN clkfb_in B HANRE, clkref @ 55 Delay-Line-R
(DLR) J8 Ry clhref_in BYHME. 75 6 5 P GE 1) 55
B s clk fb 5 clhkref Z I MIFH2E Aa 5F clkfb_in 5
clkref_in Z A FH2E No. Ao J2& 5 & AH 34 1)
AAZE TSR A R 2 A RS N PLL |1
A M ZAFAEZ S Ao JERE b Ae A & 4E B 4%
IR T U/) Z /N U D I 3k B T AR A [R] 25

T T S R R L R ARk S ) i =y
T B 5 R TF IR A

2 AT R S N RS R R L OC AR B AH AL

i A AR B 1 S e 45 A

AR B L. TR R ) A A B AR R S A5 B AR 0 )
Frie e 7T i 9895 /9 DLR Al DLB. P 2% B 42
F1% SEE N 5 EL AT R[] Y S IR BT VR S 4 R K R TR 4
ey 3 PR ) S AR HE I BT 1 9 28R AH i CRE IS /)N
T 5ps)» HIOGA i e WK B RE ) K T 00 3K, e 22
TSN ARG 22 B /N T 10 ps.

i ¢ S 16 DLR A DLB SR F o dil 42 ] 5%
A7 X R A I 47 1) 69 2 RE AN 2 1R AL 4 ) A A g Ao

F 1 IE B TE B4 ) B 45 A UE) Th A
checkcode checkcode(3)=1 checkcode(3)=0
(2:0) i A DLR % DLB i A DLR % DLB
000 HiE Hil k] il
001 10 ps 0 0 10 ps
010 20 ps 0 0 20 ps
011 30 ps 0 0 30 ps
100 40 ps 0 0 10 ps
101 50 ps 0 0 50 ps
110 60 ps 0 0 60 ps
111 70 ps 0 0 70 ps
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A Ay 38 38 X 4357, LA IE i) v JE R i [ 359 AH ] S AR E
V308 % LA R [ 1) 908115 20 i R0 9 L

HUR L Bk I ML A B R A M T2
e 7 R A I i 22 2 i AR B AE B v A T A A L
Gz F Ty REASE B BA 8% PN AR A 4G (PED) 1 25 % Sh
A #M 2% K6 ) ( Adjust Phase Check) @& 5 Ff 7K.
PED ] LKL 3R 8% 9 S A5t 24 30 BRAG ZE I clkre f_in
M clk fo_in Z M AFAERR S M 22 Ao APC 4 75 AH [H]
K I %A %% \DLR .DLB DL L ¥ il B 48 clkref_in
Ml clk fb_in 53 3|25t APC th ) DLR F1 DLB %3k
YA A OV EATAH A g, APC 40 3 Ao I L 7
BG4 5 Ao & i B RME SE B RS 5L PR R
SR E IR T B BR PN IR A B O AT AR
AH 22 1) S BRI S S T A B L R 57 X6 5. A B
Bl clkref Y5 clhref _in Z [A) 4 A #6428 AH A7 4E B 353
W35 AT Bl clk f0 5 clk fb_in Z 8] ] 5t #A%
AAALFE I35 s (4D

P.;=P,;iDia—Duy —Das (3
P,.=P, ..,.—D,.. —Dus,— Dy, 4)

H, Py Py Py M Py 58 SR SR clhref .
clk fb.clkref_in Rl clk fb_in WIAHNL s Dy, F1 D gy 53
AR iy AL B 4 DLR F 2 Bt 42 B 5% DLB 1) 1
I s Doy s Daa F1 D e 23 SRR 23 Bl 5 AR 1T F i
PEAS BT, BE BK QN & 5 FroR . RS AT B A 5 3R
FTAE RS Do 5 D USRS W) 10 RS R ZE
IFEE N Bl B) Dy, 5 Doy M55 B BUE S P,
P Z BN AR 2255 T P oo M Py ZIBIAFTE IE
W A5 M 22 Ao (Ao X3 clk fb_in (&G clkref_in 1)
FEM ). Ry TS P F P, AL 55 7 25 i
PHT Dy, 8D gy KA 2 SAR 22 SEI Py = Py

IRHMRE A A A2 S Ak B AN I 6 P . S AR A
5 early Ml late 53 N ARER clk fb_in $&H M J5 T
clkref_in. 7 8% 9l 7€ J5 T 06 A KL . late: early
FIRI UG S A7 B R 007, 24 A0 A7 K JU 4 107 B 28 BH
clk fo_in &G T clkref _in, ¥ P A 35 38 m DLR fifi
WO clhref_in S ML IG - 43 & 20 15 E F)
il 117 S P AE 2 3 A A G SR AT R R
VI MM LS TR T 46 B % E B A8 /N T 2 A 4%
(A 22 5 BT DAZE ARSI AR 117 5 i — 20 08 5 4 i 4
AL {7 00 ) SEE B 55 A R 25 42 0T B /N JE B A
YR H 017, FE ] clk fb_in 3R] T clhref _in, X}
AT R DLB 1 & B clk fb_in S AR 3%
Joi . AR Zask 3 20 VR B0 S I 117, 2 ks
EE L1 AR o] T A o 5 9 A0 S Ik i) >Fe 3 T e /DN A

STEP:10 ps

DelayLineR
checkcode+1
+1
=

p h,ase_xz(}@ phase_stable=1
DelaylLineB
checkcode+-1

STEP:10ps
K6 BRAMAR L # 2B

frLiR 2.
4.3.3  BRIASEE A v i) R AL A

5w AR B0 18 I P A R R g% 0 A
i 0 0 BRSSP R B e, R e ik B By I 2
L ey )AL B 400 MTHz 67 5 285 4 4%
AT BEAL A 0 BEL90 BE 180 FEA 270 JE 4 R
FHAZE) 100 MHz I B, JC 123 1503 a0 A i s AH 62 %)
5. W 5 Frs  PED S A3 clhre f_in Rl clk fb_
in TEFR B0 S5 A VR TR RT L IRCAS I oA 67 %5 5
clkref 5 clkref _in Z ) LA S clkfb 5 clkfb_in 2
(] #4772 JH T 00058 5 4 1 23 ML . BT AN 75 0& 4y A
o (10 T g% SEE IS R) R R P 22 AH 2 Y 0 000 4 T ik
RIELE clkref_in 5 clk fb_in FHOE XTS5 &4 F
clkref .clk fb 35 5 clkref _in.clk fo_in AN —FL,
R TCHEARAE clkref 5 clk fb 2 [a A0 {37 % 5.

BEXT 22 RH AL Y 1), AR ST T 7 R Y
AL [R) 25 53 93 45 4. 308 3o 490 e K A2 1) ] o 1 22 3 %

chin ckbuf ——— ckbuff ckbuf
R0 [0 42 VR ds

DFF —— DFF —— DFF —
D D D

d2n ddn d8n d16n

paw! | Lpa) | Lpaw) | Lpa

| DFF] DFF DFF] DFF
ckin Q Q Q

rnbf J’rnb f l’mb
d2n ddn d8n

DFF DFF DFF
m | p m2 D rnd D 8

m ‘

d8

m
di )‘iﬁ
m
dz

—m
ckbuf DELAY di|y

7 AR 2B 3 AR A T

rn rnbf

ckout
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AEASE A2 B 1 DG e 52 B0 A0 g i A Bt B 4 1 A 67—
. nE 7 frR d1.d2 . dA T d8 R AfE S 1.2.4.,
8 SRHA A3 W fik e 4% AT T B AL B ALE TR
FE UG AT I A JE 0 IO A2 A6 4 1 ACE R AT
BOIRAS. FIAI 3 25 A6 A [R) 43 590 38 % 3% £ T S A
Xt i A AR 7 S B 359 75 B2 — 30 SR ke xt 2.4,
8 Z3 W S HEAT T e AR R A PR IE X = Ak i
P 20 Fof B 45— A i K 25 19 SR A AE B T 1 4340
it SERF AT UE AT RME. a4 R AN E B 4T
A TR) 0 K50 114 32 8 2 30 A= s b B s N5 ORI T
B B R AT P [ R 5 3 B R 437 B BN ) — B

4.3.4  BUFHIA BT

BYURR A 00) B0 0 LR A 1 0 R4 T Sy
it A 800 MHz 2 2% B B 3 %% , it 181 27 A= )5 42 B 3
A B S5 18 120 R I 00 A7 R 2 M 22 1 DR S 47 L 56 TIE.
PR EE MM P ¥k 2.N R 1. WK 8 frx. 7
s pd F5E 0" EIE o, & Y
0.3 ps Ji lock 55 F phase _stable 55 5 )5 B 7 »
i 25 PR B BE I R v i 1 45 ) e R AR L i i i)
PR veo_ckp A (2O AHE LX) 6.4 GHz.
I b A SE B 2 35 120 ps. B BUE TR clkfb 5
clkref Z A MFRAS A 22/ T 15 ps.

* [ |Fi66 6250

P1.320,501m

P2:329n,498m
% A 110p,-315m S:-26.4M

# FascTe2s
‘ ‘ ‘ ‘ | H ‘ ‘ | (AN [l
il — P1:331n,408m
T12: MH P2:331n.06
R (T B e e T e — e (14,413,102 S 7 08G

F6.4G T:156p

B8 2w ARH A PR 228 s 2 5 B BT A

5 RGXBWERETSH
5.1 EAHEFESH

BE T F i R R 47 B B a5 R 45 G AR 3
it 1 [ 2 5 o 25 A 300 A 7 5 P BE PR . A% R AR
He st A Sal iy A HE 22 Dy o e an 18 5 B . R A
B A BB 25 B R X R AU PR . B PR T8 b
PN = AN BT RS ) (NSRS N = E VA /AT
PR B 1) T B A SCI T 25 AR 20 I i A
Ay SR SRR 2R AT 35 800 M Hz. 4% 6 He py i 4o i 7
SRR 38 3k 2% i AR AR B A I R I i A S 7 B A A
P 8 T2 T . B0 5 28 o R AR S A 22 /0 F
15 ps, #BAFAMESG /NF 10 ps.

4 JRy il A 43 A S B A L E N LB nid _ck 5
ARG FE W5 main _ck ML 2. LA 16 4% 8 f .4 A
mid_ck W]l i KA BRI S main_ck %55, [FAE
FEAMEJG FEAE /N T 10 ps B RS AH 25,

4 Jay T DX A0 9 ) A BB 2 X RS AH 25 7 A B
T, 54 mid_ck Fl main_ck YJAELE Y FRAY A5 L B0
JE AR 22 /N T 10 ps. 7 BEHE S 6 (KA £
wZE/NT 30 ps.
5.2 REREREIR

I e 2% 16 245 oy 3 3 B A 1% 2 oy S o SE B TR
(7] DX 3l P B o 4 - 95 AR L X 5. — 20 e JF R T
M) 2R GE REAE S 00, B T A RS PLL 25400 h S 158 428
IR 45 RE R A5 6 T SR T ) B A 1) ) 45 ) S8R
5.2.1 SHFEL

AR SCR 7 B B g8 xF 16 4% 1L.S3C5000 4b 3t
#r RTL A k47 CPU SPEC 2000 3, H A 40 4%
SE R B test FUBTIN L i3 3l By B 32 R 97 2%
pE

LS3C5000 kb #2514 b 2 &5 4% R F U & 54 &L )%
S50l Z HAA M PR 8 548 4, & A B N ok 2
10 A S 5 s 1. Ak B4 1) /o 3 R A7 4540 7y =90 A
R4S G B A7 1) Hii 3R B s ) S8 1 40 2 2 /s
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L SBURAE S MR PR S A 44 — BRI HAZ A 4 4 B SR k& T e

L2 R SR R A L4 et e N .

L3 B LS fr B2 LLC(Laot Level Cache) £ 50 f F-45 4 T 5 0 978 /A 2 4500000 S0 . kT R A 4

WL A o S G A7 ER A A v, U7 [] 9 A 1Y) S
30 R Ak 100 A Bk ) 1 Ak B 25 A% B . AT L g
PRRAE VTS 28025 W0 18 s 7K 4 BH ZE e i) AR S0 58
Bt LLC i fE R A i 4T T gt Eoge it
5.2.2 SLEEE

fift i De-skew PLL [ 4 5k B] 5 25 44 25 & b 34
A% AR AR A5 5, AT 247 N A B R A% Bl S T RE
TR DO FEF il A 52 56 1 X 3 A D #E AL Ak O ik 2E 45
PEAR IR T VIR R BCRE N 2% . B B FERI K
DIy AE A ) 1B B 65 5 A9 R AL [ B Ak B 96 A% I 4. 3 K
2 R) B 5t AR v B PR AR R A R T S A R
35 K AR P A5 000 3R BGHE AT B0 28 R . 4 o) ol % &
A A AL PR A% 5 BT JE 1 A R AR B8 2 8] R A%
iy AR L R R PR 5 G R I 3T 7K £ ] OAS RE S
) RGEBATIERE T H R KL C B HE T K
A A LhIs 1T BB B AT A A 1)

T I 7K R 2 A i BHLZE 1 A5 A DL LA
J5 T« Vi A7 BBCHE A 15 A7 R R R DI RE AR AR AT AT 4
LB NE s AR AT KL 2B A
FR 48 A 15 K5 5 LA B AE BRAT DT A7 454 42 Jm m] DL # 4
A 2 7 38 B A K A SRR

MR DL B L A 98 8 = 2 G i

(1) noins_fetching. HUF5 B} & 4= cache miss, §

26

AL SN
1.

(3) noissue. load ¥4 % 4= cache miss, H %5
LOEEWKE T LIRS, BB A Hiris 2
T A K 2L B 48 4 I K 53 BRI i 53 I A T 1Y
SR B A L X B — 7 A R A% S F0 0L R A (] R
) VR4 T 1 SR e A 3 s A0 R I 1) R, fiE
SCERTH AR 2 B L PR Ak U A R AR Y
Goit S WAL R A S R E S A HiE 2 — 5.
Xf noissue HEAT ZHUE Y R L N 40 K 1 AT
RSB AN TET M BIEN . Hd N M 53
BUNFAET 3A4,06 6 R E. K MG IRE RN
3led_nomap, H & S 40 JC 48 A HUE AL B
B 3 R HATH AR S /N T T 4.

KR PL E U g8 b 8 =08 2 4 3 8o ik A
LS3C5000 4b R A9 RTL AAH 7207 2 & b
J8 3 Linux &4: 31247 SPEC CPU 2000 16 &£ 1)
test ALBLHT A LR, 38 & 48 11 45 25 AT [H] B4 £ Bis
TTHOEOR A 23 LR DA SR AR SCHE H 1) [8] 3 B 3R
St 1 B PP RE R T A3 (]

5.2.3 SEIRZEIR KAy

Sy R A 16 4% LS3C5000 [ 548 347 0 iR 42
Th B 4 AR B A5 S B 45 2R 41 2R
XHEBER T 0 4 MR EE . st a R anE 9

Ty e A a2 B 1 2 G AT AT Y

-

BN ST

mnoins_fetching W noissue W sync_waiting
M 2lel_namap W 2le2_nomap M 2le3_nomap
W 3le3_namap M 3le4_nomap M lel_nomap

N N N o> 32 3]
& O 3 Q & & &
& 00* oo* OQ* . 5’0 50 /Qo 553
> RS R RN N
& & & %@& & & &
e 7/ e -
Ny Ny

Kl 9 CPU SPEC 2000 #% 4b Hl &5 A% A % & AT [A] 812 40 L R R s 47 a8 e il g it
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JIE 7. VA AR AR I T ) 2l R TR 2 1Y
IF e BB CER T3 ). R AT 22 i) 3 1 497) 28 1A 458 11 11
H 4 7E - W05 8] R Fsf i [ 430 07 125 19 38 M (Ot 4
AT 2K,

D GE 145 5 b i a0 (Fo B 90 7K 2 n] ] Bk
FFECEE 3 OB B R T8 s Gin) . BT 5 I3k
F1 noissue (5 LBt 24 %, Bl i & T sync_waiting
FI noins_fetching. noissue ¥ & T & 22 25 1 514 10
Giitai R G s A 2 XU 4 K 25K
LT load 454 & cache miss H 7K 2k 45 4
AR S HRAT 8 TR — BN E] N AR Te 4E 4
AR 3 B ) AT R 4T I 43 (8] 8 noissue W] AE K
fil A 25 AF. 24 load 454 T THI A4 A7 fift )22 A5 2 H 8
WISE 5 BP AT K &2 0E B B . BR UL DLAh, S B 7R
(setup) FE 11 2k (low_load) {5 % 7 I (8] &K 8 355 7F
FHAEI L JE P AE T LS3C5000 40 B &% i 3] R 45
23 R WA RGEIAT wait 38 2 JEA S WS, L E
A4 G DA A T

2P A G T A S E SRR NR E
LLC 5 [n] 2% % % MPKI ( Misses Per thousand In-
structions). 4P a7 s 7 i LLC iy MPKI
{54 0.3;i817 7% 88 )¥ By LLC 9 MPKI {5/ F
2.5, TF AR P 1 LLC 15 ) 28 8505 1 0 e SRR 7 19
5 48 S S BUE SRR Al A 4 a] 8K 0 2% A B AR T
TER E SR L DLy FE AL R A PTPX 17 f5
15 B FE 3 . % HeAS SCHR M 19 R I noissue
P 25 1 fih & 8 De-skew PLL 24 71 Wi 7 [8] 5 I}
iR 7 T R TR 3 5 I A AR Ak TR 2R B AT Y O 1
FTOIFE0 B, MAX A 42 B0y 0, B Fl AN [
PFEFAFRF BA R R 3 FroR. & sl FE iRy
I AL K £ T AR 3 TR B 22 T2 ik
) 4. 872 %1 20. 3%.

R3 EgmEEKRAXEHIRERIEGIIE
TLf SE M/ % i/

TT 0.8V 85 Jif 5. 352 23.0

FF 1.05V 125 Ji 4.872 20. 3

itk AR R B ) 7 45 A IS e ) B 1) 32 AR
XPLAMAAGE M FF 105V 125 B 1) s H Y) #E
B TT 0.8V 85 JEM 7. 94 5. W WG H S T2
MESMEERE.

AL 2 BT H iz 17 T SPEC CPU
2000 test ALAEEH A L. XA FUBLIN G 5 FH 0 A 5
(B 7N s G A7V 1) R S0 5 238 AT 3 R R 3t

FEJF I SPEC CPU 2006 ref MUK i AR, B K
PEAF I MPKI B 5§ 0. R A SCHR S 9 75 325 AT
DASRAR B o ) BE AR A 4

6 B £

S Al A S0 Pk RS 7] 2 128 i B AR ) i) 2
P R G A BT R = E R J7 I A SCHR T —
ol 55 T A 4 2% i AR BIUAH B 1) [ 20 18] B b 2R 48 07
F. A C A 13l 2 AL DIFEE 15 T7 5 A I Bl 2
e PR AR A 77 3 S B9 A e R Ak B A P S S £
{55 FEAT IR Ay 8] A2 ) g 157 6F 8] /N T 1 ns s BUAR:
B R P REFE T RS De-skew PLL (1432 3 S 15t
B —J7 1l NS5 b GRAIE T 5 i 28 ¢ 189 AR 6 7 28 )
B WA T OB R A B A i g A A A
I TUAR 5 75— T T Sk 5 A AR P o X3 A S i X
3 T B A e 73 A S S B8 A DRI ABE X I e 44
LR IE I IR E] 100 ps» 25 i R BT FRORF DX I8 b 9] 45
F8 23 A A I AR ARG A P b L I A ) S 2 AH 22 (RGHE )
ANT 10 ps) . AR T SEAE IRl W) 25 | 2 RE AR URLE 47 il
EAAR e BIr RZAA RIS I 4.

R4 HHRFHBMESHITL

g I oK m
T I e AT T
e WRAR S %% FIFO
n - mmmE EewE
S EFE1ms
. o REEW -
[10] i Jo it DFS jij # i 2
gy RESH .
el - e SEEE =
ot e WTLEE REREE
At ATHE S L ZJJ;'SlJﬂ?g JNF 1ns NS

A SCR A H 8% B 2R G2 AN [ 2 1% 5 A &R
GEHEAT IR BE VT AL B S BT XS Uy SR AU R
12 nm B T 98 T 3 Bt It 56 it 2R A
I 3 0 it P A AR R BB AT 2 S R e R 5 B A 2
M2 E. P BE R BoR i 22 TZMA T I SR o o
M1 S A S I B RS A 22/ T 15 ps K
JE Al T 10 ps. JE T M P7 FLAG R0 LL 4 8 Bf
8 2 Tk IR e 45 4 08 A 6F Ao ] 200 i 22 20 A7 » B J2 ) 42
I AT REHE IS TR 26 i 22 /8 T 10 ps. HEUOTT 55 3 i 75
T LA AH 2R De-skew PLL f4 T AXAH L AL P 48
A% 10 T AR A 3 /N T 0. 55 0. 3 AN B A 28 T FE /)N
T 10mW, fi b FEEFAZINFE DA 2 0. 1%. W~ DFC
eI ES /T 10 A PR TT 7R 1 AN AE EAT L
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Jr i 16 #% LS3C5000 b ¥E#F RTL [ {5 E
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17 PTPX DhFEQ T35 HL45 R R W SR 7 F
ok At 4. 5% 7 SR F IR 4
i 20. 3%.

BB 2R 0K 58 B fix A B — 40 2 A% AL B 2% v ik
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Background

At the beginning of the 21st century, the development of
microprocessors’ integration and main frequency performance
increased with transistor sizes shrunk followed Moore’s
law. Presently, the process of silicon transistors has entered
the nano time, and the integration degree of multi-core
processors exceeds hundreds of millions of gates scale. With
the improvement of processor’s performance, power
consumption is becoming more and more serious. Processor
working frequency’s increase not only accelerates clock path
flips, but also speeds up the data evaluate path, resulting in
the overall increase of power and temperature of the chip. In
turn, the temperature rise inside the chip not only aggravates
the leakage power of logic gates, but also increases the
connection resistance of the power supply network, which
leads to a vicious circle caused by greater current consump-
tion and voltage drop of the power supply. Moreover, the
power consumption and temperature of the chip directly
determine the cost of packaging and cooling. These issues
have led processor design to pay special attention to energy-
efficient designs that reduce power consumption while main-
taining high performance. Intel” s processor architecture
design has continuously improved and innovated for energy
efficiency design in recent years. Sandy Bridge adopted Turbo-
Boost 2. 0 technology to classify high-performance and low
power state and shifted by operating system (OS) control.
Haswell fully integrated voltage regulator, which enables
multi-phase multi-stage control of regional power. Skylake’s
ISST (Intel Speed Shift Technology) control plane has
changed radically, with dynamic power tuning from the top
operating system to the underlying processor core module for
a 14% energy efficiency boost compared to the previous
generation, and Cascade Lake and Tiger Lake further refining
the efficiency control of dynamic power regulation. The close
relationships between performance and power consumption led

to ever-closer co-design of system and physical. Clock power

consumption accounts for the main part of processor core power
consumption, while clock power consumption is mainly de-
rived from pipeline clock’s flip and data’s evaluation. The
efficiency of the pipeline is the main indicator of processor
performance, which includes both clock frequency and execu-
tion efficiency (non-redundant empty beat ratio). The reflow is
caused by transfer guess error, the waiting cycles for load
store instructions due to the limited bandwidth of the memory
cells, and the timing redundancy caused by asynchronous
communication, all of these above affect the execution effi-
ciency. How to reduce processor core’ s clock power con-
sumption while keeping high performance is the main focus of
this paper. In this paper, a new synchronous intermittent clock
system based on decoupling De-skew PLL is proposed,
which can realize the dynamic clock control response at sub-
nanosecond by adding hardware design to monitor the core
operation status of the processor in real time. In this paper,
the new clock system structure is presented and relevant
important circuits are described, supplemented by circuit-level
simulation and the operation of real multi-task load in the
whole multi-core system to evaluate the effect of low power
control. Taking 12nm cascade clock system structure as an
example, each stage clock distribution variation achieved less
than 10 ps after phase compensation, and the decoupling fre-
quency module guaranteed no overshooting frequency risk.
Using 16 core LS3C5000 RTL to run SPEC CPU 2000 on the
simulation acceleration platform to evaluate the impact of the
intermittent clock system, and further through PTPX post-
simulation verification, the test results show that the average
power saving of fixed-point and floating-point program are
greater than 4. 5% and 20. 3% , respectively.
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