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Abstract

In this study, a C~K band frequency synthesizer used in broadband electronic warfare equipment was designed, developed, and the meas-
urement results were presented. The structure of the designed frequency synthesizer generates a signal up to 6 GHz using only direct digital
synthesizer(DDS) without a mixer or multiplier. For signals above 6 GHz frequency, the structure uses a multiplier. In addition, a variable
sampling frequency structure and a DDS circuit were designed to improve signal quality by reducing spurious signals, harmonic signals, and
phase noise. The developed frequency synthesizer has different signal quality performance depending on the use of the multiplier, and the
C~G band has output power flatness +1.7 dB, spurious signal less than —55 dBc, and phase noise less than —95 dBc/Hz (@1 kHz). The
H~K band using multiplier has characteristics of output power flatness £2.0 dB, spurious signal less than —35 dBc, and phase noise less
than —80 dBc/Hz (@1 kHz). The results of this study confirmed the miniaturization of the signal generation module in the C~K band.

Key words: Electronic Warfare, Frequency Synthesizer, DDS, Spurious, Phase Noise

[.M &

et

o
s}

A g WYE FA 9 dolth A7} by
W91l el shslol b glow, olo) o

ot
—1)4
—W 29

Fo] =82 20223 AF(TA G A AP At 4o A Gg wol 35 AxY(AAS: UG200100ED).

LIGY) =96 A A A 2(Electronic Warfare R&D Lab, LIG Nex1 Co., Ltd.)

RSt A T H T e AT o o]t A 71 < Al Bl (Advanced Defense Science & Technology Research Institute-Radar & EW Technology
Center, Agency for Defense Development)

- Manuscript received March 16, 2023 ; Revised March 30, 2023 ; Accepted April 12, 2023. (ID No. 20230316-021)

- Corresponding Author: Sunghun Jung (e-mail: sunghun.jung@lignex1.com)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 345
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 5, May. 2023.

W
A@olth 23 Fuk o2 FHsHH UHF~
Katf oo, 54 T4 Fo5e] dF o Zuhs ALS
st 54l gulel HlsiA Aabd = C~Kol e A
oA &8 F Slofof stk %] 49 FAldlA A
] 500~1,000

olst=  Z33d] Y(ultra-wideband, UWB)©
ERIE G EIEEE SRR EE
7| L2 500 MHz ol/gol™, A% = 2,000 MHz ©]
ol &7H I gtk old g ol B54 v 4
T dolthulel tgstr] Aol Fy 7L
AR el 2 Aok Apoko] Ty
Ao AR A Fahg P AYAS,
—r(local oscillator, LO)A1 2, A7 2 HAAl
2 A7 A7) oA g4 FAFoIH 3
T 9A7IE 4 whlel uwhel PLL(phase locked
100p)e ] 3} Z_HJ S‘H xﬂuﬁﬂE o]ﬁ.s} xl;a 6‘]—}\‘]
(direct synthesis, DS), 3. A gAd FA4DDS) 59 7/
AL, 2 48, 904, 2248, 2, 5
Z &k 5o Aeste] ¢ B 248
PLL3} VCO(voltage controlled osxilator)&
A w8 327} 7hdEk Y AR Al Ao

R =4
AT &
=L 5

-
—

o§> b
o
()

-

m rol

N oot & odo oo

o
X
o

rlj
(o
o &+

o o ©
e
e
Ho
ox
|
dlo ¢
A
N l-N
&
N
ol
ox
b
e,
=

Rorln g

flo =
=2
it

5 ko o
r
fol
N
=~
)
>~
ol
ol
rir
o
jutn
L
0,
i)
O
w)
97}

H1 o%

off ML
o rlo
X b

H

2
-0 :IE",
o ox
&g
ol e

EIN
)
&
:lo{é
oy

Ph eI
AAPE 2
T A

o
E
k
HE
lo
1e N
=
>
o
X
-
r (
o

rle oXx,
e
Mo
rlo
o
0
()
=
e

-}

O

w2

]

F~

ofl

toh

>,

Y

QL

e

Q

Q ™=

= ol
N 12 e

1o,

filo ofo
e
jan)
!
=
-
1
1Y
-
o
o_>|:
Tu
z
Y

C~Kil99 F34 F471& +d37] 98, DDSH
9} RFE-ZE oA AAE stk DDSHE F34 C

346

Y ~6 GHz7HA o] A& A= 988 ahm, —15

dBm o] Ao A & o A=EF AT =2
o A7) 24,

AE 2 723 A5 BEY, AT ZZ AT
HANE A, F54 7, clock A4
oA 78 = A8

21 DDSF & A

712 DDSE DACS FPGA(filed programmable gate
array)—?: AHE-3Sle] 3 GHz ©|3te] DDSE +d3st, W
T g APH ) 98 mixeret multipliers A
i 79 12 mixert multipliers ©]43 712 2] Ao
DDS 7id otk

Mixerg AHE3H 2+ HES] 7HH SR4Ae7F 28
ato] Fx27F B A, BlAE 22491 mixer® I8 &
QAT 9 72 Ao =4 AT MultiplierS AHE-
TFEE mixers AHEE T2 Hls TEstA T S
Futg W9l met 49 multiplier7t 2 88kt
b mixerot PRZIA 2 B Azpol7] W] £8
ot vz Aot =A B, e B T

BL

T

°> 1-“ A, pot

L
-
3}
Uy
o

Filter ©
Bank

Clock(PLL)
LO |||
(High Freq.)

(a) MixerE ARE3F 72
(a) Structure using mixer

u©)
FPGA DAC ’w X | |Filter
2 ||Bank
X | | Filter
2 ||Bank
X | |Filter | |
2 ||Bank

(b) MultiplierE AR-3 F+3
(b) Structure using multiplier

I8 1. 719 e DD e
Fig. 1. Diagram of traditional broadband DDS part.

jary
o}
o
~

9
°
(v}




FPGA || DAC > |Balun——©)

Clock(PLL) s—@

a8 2. Agtst= At DDSH 7HdE =
Fig. 2. Diagram of proposed boradband DDS part.

T A ETF ALEEE multipliere] <Fujoll vld ste] &
sheth

&+ =wolA AgE A DDSH= o Gsps(giga
sample per second)®] E> WS £E & Adste DAC
g AHget E& Foe =
mixert} multiplier7} §17] W&ol ZH 9] % A3t
T o, dEY B2 d

DDS +do] 7}53tth

ﬂ'r
lo

mlm
o —H
ot
_O‘L
32
M
{d
)
[\&]
1o
N
N
o

1541718 223t *piﬁl‘HO

k2
% DAC &7= 6 Gsps &
13
U
=

)
L -
2,
ru1L|

M1 M

3(a)9]r 7ro] A3 AA 0] 7} o].qﬂ]
£ MMt Wi quad—sthchS’Jr
o] &-3lo], 7159] 6 Gsps S04 12

DAC 15t Nyquist Zone 24 Nyquist Zone image or
(@) Normal Image signal Spurious signal
Mode
7
(Fsy: 6GHz)
o Fsi/2 Fs,
15t Nyquist Zone
DAC e - Image or
(b) 2xNRZ Filtering \  Spurious signal
Mode \
(Fsz: 12GHz effect), (\]\ %)
0 Fs2/2
DAC 15t Nyquist Zone 2nd Nqust Zone
Image or I
(¢) 2xNRz Spurious signal r- BPF _ \ Spu::ugse:grnal
Mode : \
(Fss: 9GHz effect) ,’J/] \ @_}
0 Fs;/2 5GHz 6GHz  Fg,

8 3. DDSH Fuk W
Fig. 3. Frequency plan of DDS part.

E 1. 75 47 e 29
Table 1. Frequency plan of frequency synthesizer.

sznret?l::lin gg]?lelr)li;t Multiplier ?r:;r)elrlllli Nyquist
[GHz] [GHz] [GH7) | “"
C band~5 C band~5.0 x]1 6.0 1st
5~6 5.0~6.0 x1 4.5 2nd
6~7 3.0~3.5 X2 4.0 2nd
7~10 3.5~5.0 x2 6.0 Ist
10~14 2.5~35 x4 4.0 2nd
14~18 35~45 x4 6.0 1st
18~20 45~5.0 x4 6.0 1st
K band 25~0.0 x8 0.0 0

first Nyquist zone3} 72 &35 73T 4= 901, Fsy2
o] 9] ASA7] roll-off A7+ o|m|A A A S T
T Atk

1% 3(b)ek 7ol F3 6 GHz7HA| first Nyquist zone
3 ol AHE ThsEt & Fy20ll& A7k HAshH, s
G FRTFE 7IFOE WA E o] A Ak g
ol5 A Ast7] f18l 6 GHz A F3k+ G 19 3(c)
9} 7Fo] Fs; & s}dksle], B-EX O F second
= A&kt

6 GHz ©]’39] 23S RFF-AIA multiplierE AH-
stod Al FRE Fubg AR dAS7] HEl
A 5 2efste] Fo S AAEGH, AEY
Fopret A} 7 T3 Fok G719 HE T
P EAe ¥ 13 2

yquist zone

Fop g glo] Ay g8k C
2 multiplierS AFHEE o] B H~Kh G Aul ol
wet e B2A1S 7 et oo R ds)
Hopy s Fub4 24l 6 dB G 8tE ™, 8 Au
o 73F 18 dB7HA] syt o e AAZE 1~2 dB7F
% 271 dalyh e A0 7 dAtE o] 2 A AE)

347



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 5, May. 2023.

&) Fu}d Aber AlQ]l DDSHoI A Hgt ¢

rE
ot
[
ot L

ARed BOASE /AT Hert gl
DDS¢] 91445 DAC 98 Sl & oln, £
ERME 98 07 PLLS F&ate] TEsIh

PLLY SIS T2 O 3UAZ FREL T4
offset 71502 A S YAMHFE input reference Fr,
phase detector and charge pump T+, VCO & TAZ ¢
Ago] ek mRth PLL W¥-3]Zo] 93k phase
detector and charge pump #=3 VCO = 7H410] of
7] wj &l input reference o= 7NA 5= Wio] a3}
Ao|t}, & 2= PLL EVM(evaluation module) 137 4
Z A3 DAC 938+ A5 235 HYCE multi-
plierel 9Jg GstE yHS S T4 Aol

B =50 M= input reference Foll sl FsleE 94
&< 7A817] 98] PLL EVMel A ARS8 TCXOR .t B
< e Ase BERT AFs AAld A&sa,
PLL % A 93434s SAAHE Mg &t

= A% e B4 DACAAS &9 wate dyhE
2 differential A2 2 FAF o] 913, differential A=
single-ended A== Mgtst7] A FhHS balune
A&l oF ghtk. DDSH-oll A A= A HEH O R
2 balun®] FFe Bol WA =M, FHY balun®]
ANA EA4L A AYLEA T} phase unbalanceE UE
T otk AlEdE 29 A A4 A,
phase unbalance™ 914 EUAZ Qg E8A S WA}
a3 9t}

2 =rdAE £9 ASA7|E REFIA BAgo] 7}
58}7] W&ol phase unbalance 43¢ £ JtHY balun
S AAste] AASA & 3 A A sheet 3
% balun 57do]™, DDSH AA ol 7t7te] REg& WY

o 1o

H 2. MultiplierS 733 AR £4
Table 2. Phase noise analysis considering multiplier.

H 3. vlole] AESNA Fhe baln 54
Table 3. Wideband balun characteristics in data sheet.

Parameter [Mini-Circuit] | [Mini-Circuit] [Marki]
e ToM1-83X+1 | TOM2-63WX+!" | BAL-0009!'2
Frequency
10~8,000 30~6,000 | 0.5~9,000
[MHz]
Insertion loss
13~3.0 0.9~39 45~65
[dB]
Ph I
ase [dut::]’ W) ¢ (Max. 13) | 5 (Max. 10) |5 (Max. 12)

ko] Al =steict. Tk, MarkiAl BAL-00099] 739~ H] o] €]
ANE EA KT} A4 phase unbalance S4J0] gt 715
S & Foujrbg Adsel £, 778 FH Y baluno] A
44 DDSHo EA4Z4F}E M 71&atsich
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Freq, offset PLL. EVM phase DAC phase noise DAC phase noise (x2) |DAC phase noise (x4)| DAC phase noise (x8)
noise [dBc/Hz] [dBc/Hz] [dBc/Hz] [dBc/Hz] [dBc/Hz]
1 kHz —89 —87.5 —81.5 =755 —69.5
10 kHz —105.7 —106.7 —100.7 —94.7 —88.7
100 kHz —114.8 —116.6 —110.6 —104.6 —98.6
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E 4. 2309 Fas 947 5423

Table 4. Ultra-wideband frequency synthersizer measurement result.

Parameter C~G band frequency synthesizer H~K band frequency synthesizer

Frequency [MHz] C band~6,000 6,000~K band
Frequency resolution [kHz] 572 45.76
Output signal flatness [dB] +1.7 2.0

Spurious signal [dB] —55.57 (Max.) —36.62 (Max.)
Phase noise @1 kHz [dBc/Hz] —103.55 —85.89
Phase noise @10 kHz [dBc/Hz] —110.28 —92.18
Phase noise @100 kHz [dBc/Hz] —117.65 —98.00

plierthe AHEE 23 F34 F4718 TS
LR L ESEE

7%
A, B4, dolt 59 ks A2l 289 4
Ao ARHT.
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