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Implementation of the Fast Frequency Hopping Synthesizer for
X-band Satellite Transportable Terminal
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ABSTRACT

Frequency synthesizer is an essential part for developing high speed frequency hopping radio. A high speed
synthesizer using DDS driven PLL technique is designed and implemented for a X-band portable satellite
terminal. It generates transmitter and receiver frequency ranging 6600~7100MHz and 6140 —~6640MHz,
respectively by using 102.4MHz local oscillator. Its lock time is below 15 usec and Its phase noise is below
-75dBc at 1KHz offset frequency.
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E 1. Fde gsble) Felasids) 44

FA | BT | R
Freq. Band 6.60~7.10GHz 6.14~6.64GHz
Stability =0.1ppm +0.1ppm
Resolution 100KHz 100KHz
Lock Time 15usec o[ 15usec ©|uj

Phase Noise | -75dBc/Hz@ 1KHz | -75dBc/Hz@ 1KHz

Harmonics -30dBc¢ -30dBc

Spurious Level -60dBc -60dBc

Output Level +7dBn @50Q +7dBn @50Q

Module Size | 180> 110 15mm | 180 110 x 15mm

Supply Volt. | +5VDC, +12VDC | +5VDC, +12VDC

TX : 3300 ~ 3550 MHz

Fcomp RX : 3070 ~ 3320 MHz
R —{ X ] trr —{vco }ﬁw
— - it ‘
| N
() =N { =p ‘
1024MHz T ‘
| Fdds
DDS | LPF ¢ !
- TX : 6600 ~ 7100 MHz
RX : 6140 ~ 6640 MHz
0 Fout
> >
= > %2 } $ o
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1.2 A

DDS IC o|4%= 102.4 MHz 228 o} gl
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TX <l N=1372585984 ~ 1700265984
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i | =
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Fvco=P X (N xFcomp+Fdds) 2)

E 2. Fdds, Fvco, Fout 7=} H|o]&-

TX Fdds | Fcomp N p TX Fvco | TX Fout
(MHz) (MHz) (MHz) (MHz)

32.7250000 6.4 11 | 32 | 3300.00 6600.0
32.7265625 6.4 11 | 32 | 3300.05 6600.1

32.7281250 6.4 11 | 32 | 3300.10 6600.2 2l 3. PLL with DDS Generated Frequency Offset HHA]
- Fu §Hd7) ARl
6.4 11 32

40.5375000 6.4 11 | 32 | 3550.00 7100.0
: 1.4 Znt

RX Fdds | Fcomp N p RX Fvco | RX Fout PLL with DDS Generated Offset Freqeuncy *H}
(MHz) (MHz) (MHz) (MHz) Ale 2}83) PLL ICe|| 6.4MHz H|il Fulel7}A]
25.5375000 6.4 11 32 3070.00 6140.0 o)Ak 7E7] Eol|a] 2 ol spur= HEA A
25.5390625 6.4 11 32 | 3070.05 6140.1 ] AC A¥o]| o] Z#xlo] T3 IE| rfjed:
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2.2 4 94 SRR
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RX dul N=1005977600 ~1087897600

0.390625 KHz
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12| 6. DDS & LPF 54
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PLL F3Fvco) AMAE A@)e} ko, i 3
o 7‘33 7‘_1}-—r——— L]—E}LHC]—

Fvco = Fcomp X(B XP+A) 4)
¥ 3. Fdds, Fvco, Fout F3}H|o] -
TX Fdds TX Fvco | TX Fout
A|B|P
(MHz) (MHz) (MHz)
6.44531250000 | O | 8 | 32 | 1650.000 6600.0
6..44541015625 | O 8 | 32 | 1650.025 6600.1
6.93359375000 | O | 8 | 32 | 1775.000 7100.0
RX Fdds RX Fvco | RX Fout
A | B P
(MHz) (MHz) (MHz)
5.96093750000 | O | 8 | 32 | 1535.000 6140.0
5.99619140625 | 0 | 8 | 32 | 1535.025 6140.1
6.48437500000 | O | 8 | 32 | 1660.000 6640.0

(2) PLL F3 geje] AA 2 A&#He)4

PLL % geke 13 83} o] 34 5%
32 ZE|(active loop filter) 2 AdA|5}o]
spurE 60dBc o|dl= <lstA|7|a AAFH
v 7 lock timeg-
< ek aEdg
reference SPUI—°4 Al F7te wE F7b s S
3 F3 ojdE-S Fofolut M, L A}t lock
timeg- W& —1—7]' Al =l 17 99} 2 e
FxE AR =k

a3 99 " TEE 53 553 UHEA 33

reference
2AGS
2= ] 3Hoptimization)

A% T AME EH

Helof|4] F7kEl HES AulA] 23] 100] HE
reference spur Fi-9hS S7F2 A7 FE-S

s =k e
4% wss
2 AHgsiel

7 g

F71o 2 HAEE R o
#23}sl7] $]4f elliptic function LPF
AAEl] o, lock timeel|
HA3HE FYste] ek

od kO
ER

N |
71

—_/\/\/\,Hl_

=My

&

J% 8. 3x4 v%3¥ Fx= I
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38 9. 57 ¥EY Fa 9]
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oln, (a)+= 6.6GHzol|A] 7.1GHzZ Fil52 ula-
o] (b)+= 7.1GHzo|A 6.6GHz® F3+= vla o
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a2l 11, Ahed(S00MHz) =2FA] lock time 24 73}

2 129] (a)= $A1FI§Ad7] 17125 GHz 9
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CENTER 6. 885000006H: BEAL
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TJ}_,_ AI{]EE"
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HzqS & & 3z, = A F2o 3F 39
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A w3= F3 2 Awlz] 25 BPF 2%, Amp 3
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i 72| 16. DDS Driven PLL 8M] F3}53147]
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i TX © 3300 ~ 3550 MHz
oaer 163 T B8500GH > 102.4 MHz RX @ 3070 ~ 3320 MHz
| | oos | LPF tF —{vco)—
e amod ar : .
3 . B wam -
b N =P V
TX 6600 ~ 7100 MHz
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| >
& BEGEan | x2 | o eF —{E —
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Z7]oll= vl G vlal FE ARSS= PLL
ICE o]43F 4] wlrloz Azksie] Alglsl] =
73} lock timeo] 15¢ sec, $]4F A8o] 1KHz 9%
Aol -69dBc/Hz ALz ZSAEo] U= 4%
pl= P I vl

webd] & vl FuE ARSSks PLL ICE
o]-g3l 24 wrlow WASle] = 83ko A
5] )% e 32U+ Aol S04 T
715 & e RER AA Axbe] rlsslEE
3lolar 4xu] wlAlel] H] H lock timeS 2F 3u sec
A= A" 5 e =3 $x= 6dB A
2l 18. Module =7] &4 A}zl = A 5 sk

=& elliptic 755 Z= 53 553 FEE A
ol Alekslar H-83Fo 24 reference spurs Zo|
3L lock timeel| <33FS 7| oA Fx HelE A
Agksdct

24w wkrlom A¥EE A3} lock time-S 154
sec o|W= FA=ENL, A 3 A KHo—ﬂu"” 2|
2] 1KHz $3ZAlo||A] -75dBc/HzE %Z4E]°4°tn]
il I L A I R R oy 4 pEIAr s 5Ex
i it Fri % lock time ¥} 3 914 A5 %*]"ﬂ o“o“

| | F Qi wRkl 3 T A e A

A2

l l o =
o . ; S0z FAG Ael)
O3 19, 9 Fu A A & A 72 5
= = =
PLL IC 7ol m wlal g oaldet 7} [1] Bar-Giora Goldberg, “Digital Techniques in

A7 4 8le] lock timel E;HOH]Q 4 9lgjom,
AR ge AAZo 74 7] 199} 7o) $|AF
A% IKHz SZAlellx] -75.17dBe/Hz 2 =13 14

Frequency Synthesis”, McGraw-Hill, Inc. 1995
[2] Ulrich L. Rohde, “Microwave and Wireless
Synthesizers”, John Wiley & Sons, Inc. 1997

2| (d)ell mI3} 20log(2)=6dB =g /AAls}elct: [3] Heinrich Meyr, “Synchronization in Digital
Communications”, John Wiley & Sons, Inc.
.z = 1989
) [4] Roland E. Best, “Phase-Locked Loops”,
& dellAf= X-bandellA] S00MHz9| djof %} McGraw-Hill, Inc. 1996
23 °oF 500085 =ofsted Z7)7) Ao AAH & [5] Lance Lascari, “Accurate Phase Noise
2ol X-band frolh 8 HARLIIE 2% S 3 Prediction in PLL Synthesizers”, Applied
4715 A = A ﬁs}oﬂur Microwave & Wireless, pp.30-38, April 2000,
lock time, 914} Ah&, #89} 54, 2 4w pp.90-96 May 2000
A5 $Alew s £ A PLL with DDS [6] Lance Lascari, “Accurate Phase Noise
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