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Low Phase Noise Design Technology of Frequency Synthesizer
at 1 Hz for Deep Space TT&C System

DU Dan

(Southwest China Institute of Electronic Technology , Chengdu 610036, China)

Abstract ; For the additional phase noise requirements on channels in deep space TT&C system with high ac-
curacy measurement ,a frequency synthesizer is designed using direct digital synthesizing( DDS) quadrature
modulation. A voltage—type phase discriminator is selected by smart test and extrapolation method. Based on
phase noise model of phase locked loop , contributions from all parts of phase noise are analyzed. So the idea-
lest performance of frequency synthesizer with low phase noise,i. e. loop in—band phase noise is depended
on reference frequency,and out—band phase noise is determined by voltage—controlled oscillator ( VCO) , is
implemented by loop bandwidth integrated design and efficient additional phase noise control. The 1 Hz low
phase noise is tested through comparing two sources and it is =73 dBe/Hz,which is consistent with design re-
sult. This method is valuable to low phase noise design in deep space TT&C ground station.

Key words : deep space TT&C system;high accuracy measurement;1 Hz phase noise;direct digital synthe-
sizer ; quadrature modulation ; voltage—type phase discriminator

1 g 25 mrad'" LR T G INAE R G, SCHk[2] 98

VA AT 55 2 L5 1 R TE v 125 5ok S ) EE U0 SRS AU T AR R A R 3 545 T8RRIy
B S RICE N R E R R E E AR R AR A 5, [] B, T2 T 4 EL A A 4 0L ) S Y
WRZS N 250 X MBS 1 I ORS BE A 3 70,03 mmyss  FHEMRFS FH A VRTA38 DA R M8t 75 RIS i 251 Mg 7 it 4
(60 sFHAT) , 5 A B 260 em, TN AR OKS BE ol 20 ~ T T e B, L2 51N T 220 A I A

T

= IgFSHHEA.2015-05-13 ;& E HH#:2015-09-11 Received date:2015-05-13 ; Revised date:2015-09-11
w%  JBWAEE : Apollol 120@ 163. com Corresponding author : Apollo1120@ 163. com

- 1249 -



www. teleonline. cn

HLIREAR

2015 4F

2200 = TR SR R R R A
VP MR A R M gl TN B T R, R T R IR A
F LI RS B S R0 /M TE BRI AR SRS
TH [ B AR MR 2 B P S, — 2R R AR Y
W 7 S i AR 5 AR L R 1, o5 — 28 2 A AR PR B
G IEaE T Y (RN % o EE VAL S BN US|
DD E= NP S ey =) | I E i 12 R i e 2 g
TR AR R0 M S R R PR A
VA AFVE M s 2 gl B A A 1 A o7 T 7

RS VHER S Wi BRI/ W 2 g8 6 0 1 Hz ~
10 MHz % A 157 M 75 k3 —68 dBe/Hz@ 1 Hz < f< 10
Hz,-78 dBc/Hz@ 10 Hz<f<10 kHz, -88 dBc/Hz@
10 kHz< f<1 MHz, - 125 dBe/Hz@ 1 MHz < f' <
10 MHz, S5 R G R KRIAEE TR E T
10 HzPA R AT MHzPL A9 FE AR 23R, (NASA IR =S
1155 R AT ) 565 209 43 B off
WIS 34 mi WK T R GE DSS34 FF IR A58
BRI S JiBE HeAfMe A -63.5 dBe/Hz,

I, 0042 36 450 %65 R SR B3R R A
B, ( Direct Digital Synthesizing, DDS ) #1 4 AH ¥
( Phased—Lock—Loop , PLL) IR & 1 J7 =X, i % A P Ff
BTk, 55— R DDS 1ES % SR 8l PLL ¥R
BT LT B (HLZE 5 51 A S A 04 B AR {7 M
7 HAEFRERAE N LA 201gN 19 4 904k 5 55 — Pl ot
B2 7E PLL S AE A DDS, 1456 1E 28 14 il
FiAR S —Fh T 2 55 A B AR A RO T
AR 22 SR BB B T 5 A B AR AR MR T, (LR
WA WK HzB AT, i TR F M4 &
FRAE LS A1 Ha 32 RS AH I | 35030 45 A7 25 25 1 15
R T RME, A SCRER N B 0 7 TE S S AR R A
DDS [1 Hz M 7655 —Fp e % X0 SL a1 1%
TR AT 56 A1 MHz LA _E B9 AR ) 85 43 Hr 1 Hz it
R BRI AH 57 W8 7S RO

2 DDS IK3h PLL SR S A& R EES T

SN (5 R GR ) PLL IR A H AR,
LA i AR MG e - S A (T R )
AR, HABA BNFPS, i DDS oA W HA g5
S fen TR AR i 1 LA SORS 20 4 A5 S RN AR 03 43 BE
77 A SRS RN PLL, T AR B b B
2 [T L AR R ) S [ R o7 e 7 4
BRI, I T 2 AR R L R 25 4 R
DDS 5 PLL IR A H ARSI R A 0 7 %, DDS 1E
HZ% 9K 8 PLL S 4 Uit 2 22—, DDS %

- 1250 -

AP A B A (0 B 8 2 4% L, i PLL
FSRAARIMES 25 (H B XF 22 B I il 1k e R 4F . P
LI#% DDS 5 PLL W5 AR EE Ak, & —
FEw A BRSO

DA 42 sl B 252 25 S 191, 20 25 2 32 B py T
YR, GRS A PR (Ref) | HLIEEUTF AR
HIL(DDS) RN G A (VCO) | o34 LA K SE AR 85
(PD) >R DDS #1 PLL B ATk, &% S8
WA AR DDS (I E S, DDS (% 55 A
JE 9% PLL $2 it/ NS B 55 R E RN 1 pF
No

1300 MHz

____________________

= P/P+1
I
EEED 5% J5 4 B ERPLL
PLL 1000 MHz
O AR IE

RS232/RS422

1 HCME RS DDS Al PLL IR B 25 25 S 2
Fig. 1 Principle of synthesizer based on DDS and PLL
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Fig. 2 Frequency synthesizer based on DDS

quadrature modulation and PLL
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Table 1 Test results of phase noise of two styles of

phase discriminator
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Table 2 1 Hz base phase noise of two styles of
phase discriminator
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Table 3 A DDS phase noise at the different frequency
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Table 4 Analysis of VCO's phase noise at offset frequency dBc - Hz™'
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Table 5 Phase noise of synthesizer designed for a deep space TT&C system
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Fig. 4 Test result of phase noise of the L-band
frequency synthesizer
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