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Design of RF Unit for Satellite SAR
and Evaluation of IRF Characteristics according to Phase Noise
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Abstract

Impulse response function (IRF) characteristics are one of the methods for evaluating the image quality of satellite synthetic aperture
radar (SAR) systems, through which the spatial resolution (SR), peak-to-side-lobe ratio (PSLR), and integrated side-lobe ratio (ISLR)
can be identified. Image quality can be degraded in SAR systems because of the incompleteness of radio frequency (RF) Transmitter
(Tx) and Receiver (Rx) paths; however, image quality can be mitigated by compensating for some fixed characteristics through the
pre-distortion scheme. However, the phase noise generated in the radio frequency unit (RFU) directly affects the image quality because
it is difficult to compensate for signal processing and can degrade the ISLR. Therefore, it is important to design a high-stability fre-
quency synthesis unit using pre-analysis and analysis results for phase noise reduction in the RFU design. In this study, a wideband
RFU that enables high-resolution image acquisition was designed, and after pre-analysis of the phase noise characteristics, the effect
on the SAR system was identified. By implementing and measuring the RFU, we represented the results of a feasibility study to de-
termine whether the designed system model can be implemented similarly.
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71%el F-SCAN!"\(frequency scanning), MAPS*(multiple
aperture processing scheme), SCORE)(scan-on-receive) 5
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SAR AJ 2”& UHbA © 2 [FM(linear frequency modu-
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Fig. 1. Characteristics of the matched filter.

a8 sR P5LR

. LFM IRF 54
. characteristics of LFM impulse response function.

H& SAR $524 3A A4 R 9% gl e RF 54 37}

A1%.9] Doppler ¥ Z(Bp)ol < 24 AH,

2-1-2 PSLR

A (1)3 7o) IRF 49 34 27] the] A 34
9] Hl(ratio)E UERNH, $42 Alge A7) 9 $Ate]
ripple 54l G H]—LE],

PSLR (dB) = 1010g(“‘;dd’e@1“)

main

(1)

o

Aget A she Fu4 el ) sesold 54
g S F

59 xS e, s=glo] 4

54 A a
stat7] sl AR 9 ZF(pre-distortion) 7| M-S AFE3te] &
A A9 ripple B 71E71E Hadleith Ee £ AS
o A A Al ‘d Z]

Eal SR oHE 28, 7
o =

ol st=dlo] dF= AATT
2-1-3 ISLR

2] ()3 2ol IRF F] F4 A7) i) AA 249
12 UER T, ISLRS =g o]oll X Algale Fah4o)
oF4 &= (allan variance)ol] 93-S Hh=tTh £A17]9) Fular
MR W £A7)9 LO MAEE FHa] s IS
LL % OCX0 545 873, o]& Fall Hold ISLR
s GRS 5 ok

Z Psz delobel )

P

main

s}

o

o=}

f”lo N} l‘ﬂ

|

ISLR (dB) = 10log

)

SAR Hlo[H g5 A, $2 A& S40] Ao FA=
A= dolEe 7] g, o}mﬂov* Y
(LO HBE)yE AAT 4 §lot F4

o] &3] ISLR A% 7 3] J
13 RF HW AA Al MR # <l Fat4 HEE 9

Aol Fastm AAE Fog hgEe] JFA o
WFEA] T #fstefof gt

ol rl

2-2 Range/Azimuth ISLR &4

[l A AE ukep 2ol ISLR 242 $1ei4d S
HWoll A ARg-st= 421%9] P ert F 28ttt o g Al

137



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 36, no. 2, February. 2025.

(r) = 2f0f],5_z/(f)sin2(mf) [ si:;rfrf ]de

S,(f): Phase noise

r: Measurement time

o%: Allan variance
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Table 1. The function of RF unit on SAR payload.

Functional definition on RF unit

+ Frequency up-conversion
- Bandwidth stretching
+ Driving RF input power for antenna

Transmitter

- Frequency selection
+ Frequency down-conversion
+ Gain control following operating mode

Receiver

- ADC/DAC clock generation from STALO
+ LO generation for down conversion

Frequency
synthesizer

Control [
Logic [—*

Frequency Synthesizer

[N Wi

J8 5. F541 A9 block diagram
Fig. 5. Block diagram of RF unit.
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Fig. 6. Phase noise simulation on RF unit.
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Table 2. Stability analysis result for each HW path.

Item Tx |STALO| PLL1 | PLL2 | PLL3

Phase jitter [0.63 deg|0.63 deg|0.13 deg|0.12 deg| 0.8 deg

Allan variance |2.25¢-08 |3.24e-11]2.25¢-09 | 3.5¢-09 |3.37e-09
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Tx Spectrum
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Fig. 7. Simulation result of Tx/Rx SNR on RF unit.
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J8 9. AR SAR 54 AR dA
Fig. 9. Configuration of the manufactured SAR RF unit.
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Fig. 10. Test result of phase noise on RF unit.
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Table 3. Stability test result for each HW path.

Item Tx |STALO| PLL1 | PLL2 | PLL3

Phase Jitter |1.94 deg|0.81 deg|0.39 deg| 0.3 deg |[1.05 deg

Allan Variance |6.87¢-09 |4.14e-11{6.87¢-09 | 8.5¢-09 | 4.5e-09

man el 0.00 dBm -67.28 s

Tx Qut Spectrum

BF.3dBC

I I I I IF Out Spectrum
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fomes ew 30 K1z Hz

J8 11. TxRx SNR =4 23}
Fig. 11. Test result of Tx/Rx SNR on RF unit.
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Impulse Response (ldeal vs Analysis vs Measure)
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Fig. 12. Comparison of ISLR (range/azimuth) result.
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