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Design of X band low phase noise frequency synthesizer

HUANG Xuejin
(Chengdu Spaceon Electronics Co.Ltd, Chengdu Sichuan 611731, China)

Abstract: A method of designing X-band low phase noise frequency synthesizer is proposed. By
combining the mixer-Phase Locked Loop(PLL) and the analog of high order multiplier, the hopping signal
of X-band is realized. The synthesizer can achieve specifications including spurious-suppress below —68 dBec
and phase noise below —=99 dBc¢/Hz@1 kHz, -104 dBc/Hz@10 kHz, —106 dBe/Hz@100 kHz. It emphasizes
the key techniques of low phase noise multiplier using step recovery diode, and analyzes the method of
implementing specifications. Through the measured results, it is demonstrated that the method can design
the X-band low phase noise frequency synthesizer achieving the given specifications.
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Fig.2 Block diagram of X band frequency synthesizer function
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Tablel Output phase noise of 100 MHz locked phase crystal oscillator
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N - " " offset carrier frequency

F IR R FHIHMCT700LPAY AH &%, AR 35 401 A 35 31 10 MHz 100 MHz
WS, PR BT N AE R 32 2 U5 AH I R PLL 25 A2f M 10 Hz -125 -105
7L St ] e g P 100 Hz - -130
2 255 5 RE 57 M 7 X A A MR 1Y) TR 1kHz - 155
Y= L(F)4 20l N . 10 kHz - -163
L) =L~ = ©) 100 kHz - 165

S RH o 2R TR A MR X i £S5 AR IR Y TR

L,(f)=Lep(f)+10log F, +20log N (6)



55 2 1 BES X KERERNESESH[/ZIT 265

SR i B IS TR AN 2 515 5 W 7 Tk -

Li(f) Ly (f) A
L( f ) =10|Og 10 10 +10 10 (7) 72 HMC7OOLP4EJ£§*H1\/A-5EF“
Table2 HMC700LP4 phase noise floor
. NI " o N offset carrier frequenc
A Lo MEMIBIRICHYEE; F o8 HMC700LP4 quency
o 10H 100 H 1kH 10 kH 100 kH
o NS H . HMCT00LPASE S AR I WL %2, _ _ i : i - -
. . R e device floor phase noise ~180 ~200 013 223 223
A (B)~2 (7) 5 T3 AL 7S, 2% /(dBc Hz™")
H LR 3(E P ()RR 275 5 0 i A o7 M H3 EFE AN @6 430 MHZ
7, Ly()RREEM A FFE AN MRS, L()E Table3 Main PLL output phase noise @6 430 MHz
s o Y N s VA LiR=5) arameters of phase noise/(dBc-Hz ™)
N E H Eﬁ” h *H 1{ ol )O . offset carrier frequency P P ¢
TR AMA 4R {5 5 % 45 500 MHz, %[5 % 100M L(f) (M) L(f)
H B BR AR B A S5 U™ AR, B R e A 10Hz -105 -655 -705 -643
BRI dB-6 G T K we o woowmom o
3005755 43 b7 L 24 .
NP s 4 JRAAYRAR (7S @5 500 MHz
S TR 3 B0 45 A e K
. :I:H\Eﬂjg {%E‘:ﬁ n*@ > T %J‘*H?i ;iu A Table4 Mixing LO phase noise @5 500 MHz
W 75 Sy B I MR PSR TR AR I R A MR A i - ot phase noise/(dBc-Hz)
SN 8 8 N t
J5% s ﬁ'g N :—Et 0, it (7) s ﬂ'ﬁ ??f Ey %:z 5(%‘? EF' oriset cartier requency 100 MHz residual phase noise 5500 MHz
Loo(f) #R s IR AT AS 4R AH 7 MR 75, Lo(f) R £ 3R 10 Hz -105 65
T 2t AR AL R ) o 100 Hz ~130 ~%0
N . oo 1kH -155 -5 -115
L 2 AR A 1E6 dB. T o e s
A BT O G S8 8 15 T R AR R 100 ktia e o
W ZAEHLFAS 2377 A BEIAE e o MR ZR G
o 2 K LA A RS DL R 6
F5 FIEL A ARN TS @6 430 MHz 6 s LA @12 860 MHz
Table5 Main PLL final output phase noise @6 430 MHz Table6 Frequency synthesizer final output phase noise @12 860 MHz
offset carrier parameters of phase noise/(dBc-Hz™) offset carrier parameters of phase noise/(dBc-Hz™)
frequency L(f) Lo(f) Lo(f) frequency 12 860 MHz
10 Hz -64.3 -65 -61.7 10 Hz -55.6
100 Hz -87.5 -90 -85.5 100 Hz -795
1 kHz -101.3 -115 -100.8 1kHz -94.8
10 kHz -113.1 -123 -1134 10 kHz -107.4
100 kHz -113.2 -125 -113.6 100 kHz -107.6

LA B TFBEA, SR AR T 98 58 JL B0 7™ it R R 8 A 6 2 95 AR 20K
4.2 FBWHH

— MU, A LT AR L R T A A SRR A A AR VRSO A A 2R R R L A B
B 3 30 3R 22 ) AR EL S I T AR AR R s A 3 R S B SR i R I i 5 W KR S A i A ) A B

AIUH P, PRGN AR B I 804 R HIDC/DCH R IR Ak 17 5, AURJT TR 22 R0 T, DS Ie 55 1 2
BUEAR AT AE

SRR A Bl T S A R S B 5 R LR AR 4G A L e YR [R] Y B S R AT G .

S5 30 A Bl G Bl MR T 5 2 2% B 0 ) K, T AT A% A AR i o s ) R v T A AR AR i A A L R A
PR AR S, A W A (R S A %) PO B SE L i

AR T7 S BT SR HOC T X 2% A5 B0 R B O Jl R (R R X A B n R e AT BOMUR R , OF B s ARCR T 2
J2 (P9 i s AR) 5 i 2RI, R B e e e b 2 AR AE

5 MHXER

K I Aglient E4440 AT 15 43 T A K X B B 28 & 2% 78 B i 1 R B R A7 k. SEMIFE A% R . a) B i =R



266 AMZBMFERFRERFER %13 %

11 700 MHz~12 860 MHz; b) #3520 MHz; c) 248}y -68 dBc; d) i i 451 % S 12 860 MHz i #H i/
W8 75 78 430 10 Hz AL T -63 dBc/Hz, i 100 HzAL T -80 dBc/Hz, i1 kHzAL T -99 dBc/Hz, 4 10 kHz
Ab AR T -104 dBc/Hz, #ifw100 kHzAM I T--106 dBc/Hz; e) fLH1 Jy+12 V/485 mA,+5 V/580 mA; f) 7 #ME R ~F
7250 mm x 120 mm x 34 mm( & A S B R LE A 7 L) o

WIS R R, 207 02 TR b5 B8 BB H R bR 2K, BEUTZ XU BO AR TR 28 5 28 7 Rl 4T . FERAT
4[] 2 7= i o s A B LA e | AR 2 O 35

6 it

Z7 AR BN 10 kKHZF1100 kHz4b 43 %I 0L T E N R 4777 i 5 dBeFl4 dBe, Z8 M4 Y SEAMNA T KX
I A5 BE P A, FEAR 1 kHz,10 kHzF1100 kHz Ak 43 5l A T2 dBc,6 dBcHI3 dBc, Z4Hith&fIk T3 dB. A /™ Jjr £
fA7 s, PRLBSTATER, SSMe—, Bk, SChvEoR, (EAHES . AHEASM T ZRA i -2 EE, XU
) T AES T B 9 5% 7 1)

Sk

(1] BERRIm XBWE ot SR ELFT. RAR MR 2 K P A5 g BT [I]. OBk 28 B2 5 1 715 B %4, 2010,8(1):33-35. (LIAO
Liangbing, DENG Xianjin,ZHANG Hongyu. Design of low phase noise millimeter wave frequency synthesizers[J]. Journal of
Terahertz Science and Electronic Information Technology, 2010,8(1):33-35.)

[2] &3k, Pesi BB IR0 R A A i S [)]. BB AR, 1999(1):71-75. (JIN Song,FEI Yuanchun. Realization of
fast FH radar frequency synthesizer[J]. Telecommunication Engineering, 1999(1):71-75.)

[3] B FEREBEHLEARIM]. JbatfF Tk sk, 2005. (YI Wen. Radar Receive Technology[M]. Beijing:Electronics
Industry Press, 2005.)

[4] WM. — BBl 8 5 & a8 58 AR 45 2 [J]. iR EE R, 2002(4):5-8. (ZHAO Haiqing. A novel frequency agility
project of frequency synthesizer[J]. Telecommunication Engineering, 2002(4):5-8.)

[5] Gardner F M. #itHHE AR[M]. dbat: AR BEHE & RFE, 2007, (Gardner F M. Phase Lock Loop Techniques[M]. Beijing:
Post &Telecom Press. 2007.)

(6] KIREE BAKE J7.0F. BURECRMI. 4% 04 % 7 B F kL, 1994. (ZHANG Juesheng, ZHENG Jiyu, WAN
Xinping. Phaselock Techniques[M]. Xi’an,China:Xidian University Press, 1994.)

[7]1 Lhmbg. SCRPEARZ RO I]. SRR FH AR, 2009(21):40-41,46. (MA Xiangfeng. Design of low spurious frequency
source[]]. Modern Electronics Technique, 2009(21):40-41,46.)

[8] TkICH. Kulf B AR A SISk, 2007,29(5):499-501. (ZHANG Wengqin. Design of Ku band direct
frequency synthesizer[]J]. Piezoelectectrics& Acoustooptics, 2007,29(5):499-501.)

EEE .

FEE&(1980-), F, WHAWNIIHA, %=+, B TREIM, EZEMNFEHREGES . FHEEWREN
77 T B9 BT 75 .email:hj_888888@126.com.




