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Design and Realization of 10 GHz LLow Phase
Noise Spread Spectrum Clock Generator

ZENG Yun', QIU Yu-song, ZHANG Feng, XIA Yu
(School of Physics and Microelectronics, Hunan Univ, Changsha, Hunan 410082, China)

Abstract: A 10 GHz low phase noise spread spectrum clock generator (SSCG) based on a fractional
PLL in a 55 nm CMOS process was developed. The clock generator adopts a LLC tank voltage-controlled os-
cillator (VCO) with switched capacitors array to obtain the wide-band frequency range and low gain, and
the multi-stage noise shaping(MASH) modulating technology was utilized to shape and degrade in-band
phase noise. The SSCG changes the division ratio with triangular modulation to achieve the goal of 5 000 X
10" ° spread spectrum clock. The measurements show that the clock generator operates at a 10 GHz, the
peak reduction of electromagnetic interference (EMI) is 16. 46 dB and the phase noise is —106. 93 dBc/Hz
@1 MHz in Spread Spectrum Clocking (SSC) Mode. The chip core area is less than 0. 28 mm?* and the core
power consumption is 17.4 mW at a supply of 1.2 V.

Key words: spread spectrum clock generator (SSCG) ; phase-locked loop (PLL); A modulator; phase

noise

* Wk B H#E:2015-01 27
HEEWBE :BHE AR FIE4 BT H (61350007) , National Natural Science Foundation of China(61350007) ; [# 5 & £ AW 77 & J&
140 (863 1% 301 H (2011AA010403)

EEEN Y =957 —), B WM K A I RS EER L ML S
T K & A, E-mail ; yunzeng(@ hnu. edu. cn



110 W K A AR RO

2016 4

EE N T iR S SR N P (1 N T e Rt I
l(FES T SoT= =T R ERERNE T RN S Gl
] 1) L # B CEMID 48 i T — A R 25 200 1) 1)
LTS R G, B A B S A
A GAF Gbps (1 7K - B F % A 56 77 A Y RS R
INHIDE TR S 4. S T EMI
X AL TE BRI R GERE I SE AL 5 bl 4
Ja& S5 i LA B RCL TG U #5814 1 108 D ok S 30 (HLBi %5
HLIE R GU Y B R B AR U A4, R r k2
AR MR 2 H A 1 3 1 B0 B8 0 745 4 R (SS-
COP T MENH B ACR A R N A D 5 58 1E 76 R 8
KB E M RE S AR R B — AN 5K 98 v
DAL A S50 U D6 R 38 ) D L DA DA 5 1
KW/ T EMI BEAR T R G877 b (0 BT wE R

AR B AR T 2 R0 AS [ 4T 0 e
FEAH EMI Hsieh %5 5% i VCO 4 9 il 77 X
i B TR ) U U8 P L 4 BN P B 1 T RE AN T B
Cheng 45 JH 1) 22 A0 B B AH A2 48 A J7 AR ME 35 ) A1
71 R A7 DU E 25 0 R L i i BT EFE D s Wong I
Caro 55 R H I 1 7 25 1A B9 5t Ak I 7 R b EMI
(304 B ) A L 23 AL HLAR (o g st

HHEiX T SSCG Mt K2 &£ T 6 GHz i
PV M X F 6 GHz DL E 480 ¥ K. A SCE X
SSCG TEH 22 L AH A7 M PS5 45 J5 T80 1Y) 8] 8, B i 17— 3K
10 GHz (14788 a5 450 5 AR M 30 b b % 2 2, LA 1
MHz 45 fii 2k 1) AH £ M 75 Ol — 106. 93 dBe/Hz, il it
KRBT R 3 By MASHAS 1 #% ol 3% i 2%
iR RIVAL e A W B e W L i S G
EMI (541 il 56 77 5 98, HLA 558 19 Bt M 75 BE 7.

1 37 SR $h & 4 2% R IR T

B 1 TR S A BT 4 0 ) R A 2 1A
S A ] A AL S 00 45 AH 2% (PFD) L HL fif 22 (CP) |
W EEUE I A (LPE) | B R % a4 (VCO) | Z 8 73 Ml
P8 AS JH 2 (DSM) K = £ & A s

FESUR B, ARSI e 2 By PFD/CP g g
1M AR R B VCO PRE. Ry 1 3R A5 AR AH M iy i
KA VCO R T T I KRB A FE S £ A4 VCO
(18 91 A0 23 31 181 43 Bl A T A 0T A 1) 3
FER] DLRAIE VCO [ FE 3 5 C Kveo DB/ SR T
K Kyeo i3 AM-FM M 5§ 4F 5 3 VCO #1
{07 I 7 ) Ak 5 P T g AR 2 40 PR 7 O 25 R R 2
FE T FEL I PR G T BRI R DA B AR T 2 Y

AR 5 38 5 R /N B BB AR R R B AE AR = 1 2
5 AT L BE AR A AR 5 A ARG . 3l i DSM XY
I3 B g ) 20 0 AR AT IR B A 0 AR R U
IR PR A i A5 B 2 W L O AR A B — S R
Vi ) I B 5 L S8 ST A A R DSM e fiE
X i R R R R A A A A e A O IR

“S—VON

Modulation controller

Bl o EZEREnn
Fig. 1 Block diagram of the SSCG
1.1 FE#H VCO Bt
VCO Bt it 45 B 45 th e B A I B & 2B 28 1Y
FAALIGE S P RE A BT SR T 4018 2 B s f JT 56
HLA S I 58 LC-VCO. B R My F1 M, 41 Rise
SRR A 28 00 R A D OB LC 3 Uk [ g% R 1 g

MOS 78 7558 il sy Q B & 2 f 25 4 . VCO ¥k
1

Foe = P o (D

Bl VCO By 3 25 Kveo M-
1 ICy

Ix VT (Cy + Cod? Ve

Kyeo B VCO iy H3 45 56 % 5 1 HL . Ve 1
JEFR I, I ELRE ) AR PR B 1 1 2% R ASUE P L DA
FAA R A M RE. rh o (2) . AT AR HL A b BB R
VCO ) HL 3 25 5 DT 52 i HL 3 55 10 [ 45 A £ 1
AR VCO By IR 8 il 35 A A7 e 75 A 5P .
B 2 T VCO S B8R Y AH A7 B 75 F 8 K1)
S R T S L 0 20RO L 25 B 51 R I/ VCO
1 AR . T S H S B ) v P 2 0 M S T ORI
HORUGETF AW Q (H. Jy 1 ik — 25§ & e 75
e T B B U 0 g LDO S VCO i
FEL T S L YR R 7 )40 1) BB 7 5 A T o R L
TG M3 7 6T K AV W8 75 ) 5 ) A S Y ARt 22 ) R A

(2

Kyeo =—



i

74 10 GHz fIRAH MR 43I0 b e 22 458 9 B3 5 92 3 111

— PRI AE C FRAARE C MR, H WA
A P 2% 8 B — 941 70 vHE L 9L 5 1R A 114 KGR 7 R TR R
WP T2 FE SR T 16 ALt JRE T A i ) O 5% R A
A AT A L I TIOREL 1A 3 5 A R 3 R 4 B 4
AR AE /N A R A [ N AL T i e AR ) T
iy 22 FOH B oKL 2 AT A1 VCO 18 W ¥ [
9.6 ~10. 5 GHz, £ 1 MHz &b H A1 {7 M & N
—106. 93 dBc/Hz.

V. c .
oN apacitor —— 1/ : .
Array | * o« JS‘G o

w: € SI_II_SI

B2 VCOwBLEMA
Fig. 2 Schematic of VCO

1.2 Wsrsiiss R &5y s iR it

VCO miyka {5 5 78 28 i Hh 2 b ) A D 3
I3 W0 dh P B B AR R e 3k 10 GHz. 8 T
4 1L AER I 4 D o ) IO P SR R R T R AR X
R LS H (CMILD Y B43 331 5 HEAT — 43 W0, W& 3
Jie 7. CMIL 4yl IR 153 A9 4 S 4 22 0 45 4 » RE A8 42
P22 73w b A0 ) e P USRS Oy T /N A A R
o R R R IO A BT R SR R BELAE O R 2 R
FEL I T8 25 A A fof P AT LA B e o o 928 0 )R
/AN o [R) FRE AT AR o R g Y A i

T IR BT R I H . 2 AT /S B i
(1 B A B 25 K. T B0 A 0 ST T A 4
() Jr 7R 9 Z B Wi Z2 8oy Witae i 5 A 2/3 7090t
FATT IR IBAG B B I35 25 6 A A AR SE I (8] L B
AW 2/3 Sy B ICAT 3 AR TR I 4548 A M T DI RE Y
DU L R IEL B8 A 2/3 J A3t A 1) A Ji B A —
AR A S M AR P=1. 0

S RETCSE I 3 A3 A P =0, I 43 BT SE B 2
3 AN A (h) BT 7R . %43 W3 4 RE 8 52 B 43 AL G
N=C,+2XC +2*XC,+2°XCy,+
2' X C, +2°. (3
G3 AR A 32~61, Horp Al g AR 4R Y C, ~C,
i DSM (1) iy b 42 ). AR BT o B o A g TAEFE 10
GHz 4y . &ak CML 00 il 2 J5 - 22863 i 4 1) i
A A Z AL E ik 5 GHz, O T RENS I 2 L 5% 19 i
BOR L 2/3 4y Mo Y fild & A 244 TSPC 4%
FT L 2l FRG IR TAES AT 35 8 GHe.
T T

IN QN

1P QP'
f’*a

=

=

B3 fMamEesk

Fig. 3 Circuit schematic of the prescaler
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