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Phase Noise Analysis to Improve Frequency Resolution of
W-Band Compact Radar
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Abstract

FMICW radars detect and track targets using frequency information based on the distance and velocity of the target. Therefore, the
phase noise of the received signal and the frequency resolution must be minimized to ensure detection and tracking accuracy of the
radars. However, as the signal frequency increases, the phase noise degrades. Therefore, the design requirement of the phase noise is
important for radar using high-frequency signals. In this study, the phase noise of the transmission signal (FTX), local oscillation signal
(FLO1, FLO2), and reference signal (F,,) are analyzed for application to a W-band compact radar. Additionally, phase-noise require-
ments are derived to increase the frequency resolution of the radar within a range that can be implemented in a W-band transceiver.
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Fig. 1. Configuration of double conversion receiver.
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Fig. 3. Phase noise requirement of transmitter output signal
(original).

f3to] Wi} Ao Ha) Yae
ATk FL02 2100 MHz 7|2 8=
Abet FEE ARSSHEE, % i

e 3°ﬂ ek 4 g
S AT 19 19 8,5 94ES
FIX7} 4] wiAbso] $218 415§, 7S
FLOI, FLO2 943+ % 227l A8 Fa (L,
Lrion, Lros, L)S) o2 ATt &, obx A58t vt
o o] Fapr A 719 FAI71 9] A o] FE R
Aot dofuA] E=thal 7HY SIS, Lyt Lo
71—\;].[7]

o
&3

dB %A A3t

flo dlo

Ly (f) =10log (2 x 105710

10"V 10BN (e 1) 2)

gl o] thel| A = BWFFTé T AFER dhed, A& FFT
cell 37 7HAC R "ol Fd Ao F AHHE +
e A HRE Sk FAE golvte] A e
SAAS ] FoF AE HMZLFM) B9 E BWA 9
¢/2 - BW)Z AXEL AsAY M= FFT § A

A=) WEshe 358 TRE 5 RS T 20

i
=
T
&

Fobe AAE A5 A% 9ia) 19 39 A4

350

25 4 (29 FL3le] 300 Hz Bold A B F A5 9
?—:‘i’r FFE el 19 48 7o) 0 dBme o]
|

Z]H] M Z(Chebyshev) 950l o3 £ =917 74
g 0 dBm®] FAFIrol Hs) 70 dB #3, 3 dB

o] ¢F (.1 kHz%l o] £ @Y A3 AHERS 0401
A, B T 215 o] Fo] Baghs gelstqitt e 4
#ap Ase] I8 39 dREol ALEH =
ol T Az o] Aol FH Fuigro] Ao 3dB o
AFo] oF 8 kHzE " WolXHA FAF T F917F
oF 19 dB oA, Al
ok FMICW #Hojtell Al FAIN S 9] F3ke 34 A

;

o]
W7} 2EEE A4S ASAT F AMRE 70 dB
T
ol

% 4% ARE IR AE} $24% g
A - A AREIL ol AW 19 49 2L A
NAE AZHAN BEE s AR doltE 18
e Aol WhsenE #4 S40) Yesh

R LA CEES E DR E ST P
zol7] Slal, $A 5] FAFTGe] 2P T3
A QARES REUA, F AT TRl bed A4
3L £330 A, B F A Aole] ARzl A, B
dae) 7 A3 B oY Aol ol A4S

1 Hz, 1 kHz, 3 kHz A TJ}TOM Zt N3 o
1% 39 M‘L?rﬁoﬂ H)a) 15 dB, 25 dB, 35 dB Y&
N5 &8 2HEHS B3 B

o

£
@
z
(]
2 207
[=]
z
& 40
z —A+B e
Y i
= B i
B~ i, R I —
z ---deal A fu S N0
g -80f|..- ideal B |[\h{ 1A/
2 Ideal A+B| i it
% 100 Yk i
4 6 8 10 12

Frequency(kHz)

2 4 IHRECIE S A8F F4NE 2oE
8 BA Az
Fig. 4. Analysis result of receiver output signal with phase

noise requirement(original).



o
O.

Stk 18 5(a)¢k 2ol 919 Al QA Fahrol A 94
&0l 15 dB WolA ™, A, B 2159 747t ~HEY Zo
1" 40 W] FolAA R, 24 AT E PRI A
3kA] Gtk 2t Aol Hlel Foer] ASEe §
o] 25 dB WolAI™, 3 dB WA &2 oF
32l Aol vl éJﬂJEE* & Eou,

9o Hagho]l F Az ] HFAHel wg) oF
A, A, B A3 F&0] Thga A o, HFA

—2.1 dBBm2.Z 943 A 0 dBmoll W8] WA ALrE A
o 2R Hel FaERdr) Aese] 93RS
35 dB WobAIH, 3 dB o o] Ol*“‘“t Zé?ﬂuM i‘)‘-ﬂ

i

i

E

l

e

o

}

=)
(N
2
f

[

O ox

.h—{rl~
& >
erXL}""
N
-
Flo X S

o] —0.7 dBmeE 98 Ag} w*}oHXh, - *JE A}
o] AAZHT} 59 dBYHE AEE A B A5 FHol f
s

Ol StEdold oz 18 7hest Sl St
ZABEE FoEFA 7] B F417] St A vhs
AL 18k I8 50b) 2US MZE FH0E Ay
A} st}

A =% FaRA7] 29 25 S T
Z37] 98l AF F 7EANE Byl S HAS =
Zatqich o wat 1 FolA F4E FIX 259 9%
S FAAA 20log(F/FTX)S 23t 7152259
e HAS FAsAT B 71E &3 golrl
A P Foedd e Ve w19 AE 5 %
FE s Faste Md 7bss 7138 ARE
T4E& =289t

FIHCE 7|EANSE FYNIE ARSte ASA
2710l 7124 5.9] A Eitter) At 7H PIXE FFEE
BEA 39t A5 A8 719 ADC Q7tEE FYAlse]
Ak W ek S AH(jitter, At ., )7H SAHH 2
HE obgRI 4159 B3] TUISIER 4 3% 2
°] ADC] SNRapc7t #adhs EA17F A g,

SNR ;110 == 20108 ,0(At iy, * 271, [dB] 3)

Aty = TIHF GGolA A 3y T3 A

—A+B

§ 10(@
E —e—A
B O : B
= - |deal A+B
Z 10+t ]
[
2]
E.o0t
o
£ 307
z
S .40t
2
? 50 : e
6 7 8 9 10
Frequency(kHz)
(@ 15 dB
—A+B
—_—— A
B
w |deal A+B

Signal with Phase Noise (dBm)

-50 :
6 7 8 9 10
Frequency(kHz)
(b) 25 dB
10 F(c) 66dB  [—a+B
—e—A
Or A B

---------- Ideal A+B

—
o

w
o

I
o

Signal with Phase Noise (dBm)
. , o,
o

(&)
o
o) =

7 8
Frequency(kHz)
(c) 35 dB

% 5. 100 Hz, 1 kHz, 3 kHz Q.24 F A 9%
Feol 71E FART WE W FANG Y A
Ed 84 24
Fig. 5. Analysis result of receiver output signal with phase
noise lower than requirement at 100 Hz, 1 kHz, 3
kHz offset frequency.

351



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 5, May. 2022.

IS S A
Atjitter - o f, 2‘/(; af [ ] (4)

w23 g ot Al A3t ADC= Analog device
AFe] AD9G9SOITh ADCS] A58 HFEFOZ 4] (3) 9 4]
#HE ol&ste] AXE 71ETe AEE 126 ps,
SNRjie= 56 dBOIT}. 600 MHz Z 24150l Tk AD969S
¢l S]\U?Aoc"] 68.5 dBo|B& 7] 5.8] AEo] o) o
3t E SNRES 4] (5)°l uhet 55.8 dBO]th.

SNR, pe SNRjister

SNRT:—zologlo\/m_ 04y W

—~~
i
~

o
lo
i
X
rlo
o
oi
=
i)
o,
et
4
o,
r
r>
N

=2
=
ey
B
pomd
U[o
o,
o
i’.
i
08,
09;
oX,
o
o
1
ot
=
fo N
r>,
for

EO
NS
=

A ek AR 2= o)AbH el AE ) Al
A=t E FFT A & AH-Ee
/\.\'ﬂ]EE‘])\]—Ol 1:10:1 7-0{‘ ]_ -

”0124 149 69 $l* Feol fle
A35 4A & A Az l
};J—;élu Oﬂa‘kg 3lo) 0}7] _'4 H

el o3 HolAl= ,11
s HolAle A< Hlﬂs}ﬁit}.

A% A 38 63 o) 712 FA9) A3
238 7)1FATE AUAZ 957 L8 AH} 2
o] "3} 0.3 kHz~1.7 kHz offset T3} J ol A 94

fol
N
>
fol
©

=2
Tﬂ‘lﬁ
:Oé

m 18 ol i

N e

2 1
[ =t

>
1o o
18y
I

ot fol
o

lo
[

ut

oi
My 18
I

€ rlo

2

_(—Ol ig
ox |y > o

folr fol

~
M

FBL
H
o>

dlo (M 1o mY rlo
o
o

=

o
=
A

o ol X

1

o>

—w/o phase noise
= = =old phase noise
—e—new phase noise

o

)
o

-60.3dB

705dB |

&
o

o
o

Signal with Phase Noise (dBm)
N
o

5 6 7 8 ] 10 11
Frequency(kHz)
a8 6. N1EAE) ABRHE I A

Fig. 6. Analysis result of reference signal jitter effect.

352

ar ——FTX(W-band)
—e—FTX_X(X-band)
——FLO2(S-band)
—a—Referenc(100 MHz) | |

n
o
2

Phase Noise(dBc/Hz)

Offset Frequency(Hz)
a8 7. FAF 28NS S AR AR
ul

Fig. 7. Phase noise requirement of transmitter output signal
proposed[solid] and measured[dot]).

+ 7 st S Gk whHel, B = A A
2 EZH S0l A4HE A E oA AE
o} A9 fAE 2HERS A& 5 AT wEhA Al
2 EEH 7|FA 5 e AT A Al G vy
g Ao Addty A1 Z J|ENTY NES YAF
= AL 712 314 tiv] 100 Hz, 1 kHz offset =3}l
20 dB 9 Yt
2 A Azl 71

g %@?} T, 544 Foegdr
FIX X %“"J- ol AE Heto] BAT Adolth AE
FTX9} FTX X F9H H &2 A4HeHH 18 dBE TH53)



08 8. NLE @) FHEIA, () $47]
Fig. 8. Developed (a) frequency synthesizer and (b)power
amplifier.

u, $2710) AREE AAEe] EAd e Fakg
ASHAR 8] AE 13.6~18.7 dBE SHH YTk
Fo A A oret FTX, FLOl FLO2 $1’43= 4
O NdE Wi & 1DH ZYA3(IF
signal) =2 E®-& Z4 319 E]'. WEH glojtte]
AELE ML FoFEA7, A71 WTH‘Q 2171,
IF 4171 3 A A271E AeAA I8 98 o] 43
AYE AT FIX 2159 945s 54 7K e

FHANSE EAFsE] S8 $41719 FTX Ale 5 Wil o
FA7) JEAY FEOZ AA FAVZ AH ?J@!
Tk FA7NAM SF 2 Foke7t &3 IF Al
Az A27]o A FFT A el€ &, glojtt H77gu] e W
2 T A3E T o] Wl AF A2 7)) A= FFT 1 cell® U
%5 100 HzZ ARS-shch

Zzo
A7) 2YNEe) ~MEY 34 ARE 39 103
7ty w24 Aol AR 74 9 s SAR

wil9 &7 dojttel Fae AYE FHS AT ARES BA

IF W-band

Reciever |© | Reciever .

, ! ] ;
Q i| Signal FLo2 FLOT_X !
Q <+ Process

i\ IF Signal

........................

Y[ Unit
Checking ! H W-band
" ! '| Freguency
Equipment ' ' | Synthesizer Powgr
' ! Amplifier
E Transmitter ,: '

J8 9. wilyg &3 dolte] FHA(FAS) AHE
9 24 A4

Fig. 9. Experimental setup for measuring spectrum of W-
band compact radar's output signal.

- = =simulated(w/p.n. measured)
——simulated({w/p.n. requirement)
= measured output signal

[
(=]
T

o
T

N
(e ]
T

Signal with Phase Noise (dBm)
. :
(o]

5 6 7 8 9 10 11
Frequency(kHz)
a8 10. Wil &7 dolg ¢4171¢) 28ie A¥E
d 34 At AL A v
Fig. 10. Compression of measurement result and simulation
result of output signal spectrum for W-band
compact radar.

=
7 7t sH(normalize) 3ty 1
Wi &8 #oth $A1%
A Hla ¢ake, 7H A SelA FEo
2o 93 JeFo 7 ARS cancellationo] U A3}
o gARTE dojtt 2YNF AHEY Fo] § F

= e Fdssith

| He 712

353



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 5, May. 2022.

~ o,
N )
lo, do

=
? in)
_:‘d 1t IO
12

3u!
oy i
ot ol
@ 4%
5 e
_Y‘_J r>~ I"F((
1o [0
o £
ox
ol

2 £

», 1o 0_?1,
=
o
ol

tlo
J {
ro
ofr
o

St o A4S W]

=
o U wijo 43 doltel £407] 2245 2
HEPS ST AL $A) 25 947
A

APUTE B FS AL B3
wE weel 49 dolthe 299 Fa4 A As

ol 7148 Aoz J|dH.

354

References

[1] J. Xicheng, Digitally-Assisted Analog and Analog-
Assisted Digital IC Design, Cambridge, Cambridge
University Press, pp. 281-288, 2015.

[2] C. Poole, 1. Darwazeh, Microwave Active Circuit
Analysis and Design, London, Elsevier, p. 564, 2016.
[3] W. Wu, R. B. Stazewsk, and J. R. Long, Millimeter-
Wave Digitally Intensive Frequency Generation in

CMOS, London, Elsevier, pp. 110-112, 2016.

[4] C. Alabaster, Pulse Doppler Radar: Principles, Tech-
nology, Applications, Edison, NJ, SciTech, pp. 143-144,
2012.

[5] D. Ronnow, S. Amin, M. Alzadeh, and E. Zenteno,
"Phase noise coherence of two continuous wave radio
frequency signals of different frequency," IET Science,
Measurement & Technology, vol. 11, no. 1, pp. 77-85,
Jan. 2017.

[6] J. Park, E. I. Kim, and K. H. Kim, "Analysis of
degradation phase noise by vibration of frequency
synthesizer for compact radar using high resolution
waveform," The Journal of Korean Institute of Ele-
ctromagnetic Engineering and Science, vol. 32, no. 7, pp.
651-660, Jul. 2021.

[7] K. Siddig, R. J. Watson, S. R. Pennock, P. Avery, R.
Poulton, and B. Dakin-Norris, "Phase noise analysis in
FMCW radar systems," in 2015 European Radar
Conference(EuRAD), Paris, Sep. 2016, pp. 501-504.

[8] C. Azeredo-Leme, "Clock jitter effects in sampling: A
tutorial," IEEE Circuits and Systems Magazine, vol. 11,
no. 3, pp. 26-37, 2011.



A o\ 3 [%HPJ,}ﬁloq A4
https://orcid.org/0000-0003-3441-0190

20061 24: vty EEs (o]

17491

/\]—)
0134 29: FEH&Y B8 (o)
sl
20139 32~ AA): FLHtATE A9
79
[F AR 2355 447 AR

A4 d F [T aAd AT

https://orcid.org/0000-0002-6699-5720

200613 2: STt Ak 8 &
AAZE FH

2008 29 FFH7ED AREA
=8 (:'_.'6}/&4 /K]—)

o 171
2013Lﬂ 2%: Frderied JRFAY

ol

ol

71:]}\

A F AR TN L AT

https://orcid.org/0000-0002-1110-7896

1993 2¢: AE sty Ax3etat (38
}\})

1996\ 29: 7 5o
A A

20149 2¢: S
HhA})

1996 1¢9~8A): Tz s A9

s A4zt (3o

Sl Askg et (3%

355



