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Development of Digital Baseband Circuit Unit of a Ka Band
Data Transmission Transmitter for Deep — space Communications
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Abstract: The baseband data coding and modulation is achieved on the Xilinx FPGA circuit, which is a part of a
Ka band downlink transmitter for deep space communications. The flexible design of modulation mode corre-
sponding to the different transmission rate ranges referred to CCSDS ( Consultative Committee for Space Data Sys-
tems) standard is finished. The modulation schemes of PCM/BPSK/PM, NRZ / BPSK and SRRC - QPSK are
separately chosen corresponding to the code rate ranges of 16 bit/s ~ 20 kbit/s,20 ~ 200 kbit/s and 200 kbit/s
~ 2 Mbit/s by the external control commands in the FPGA circuit. The test results at X band show that the
magnitude and phase error of BPSK and SRRC — QPSK are respectively less than 3.1% and 1.7 degrees, which
comply with the CCSDS recommend on deep space communication standard. The circuit can meet the application
requirement of the Deep Space Communication engineering.
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Fig.1 Block diagram of Ka band data transmission transmitter
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BRMES (5 S5 TRIGEE A4 dBm. LG 544550
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Tabe 1 Modulation mode and operation rate

P T fith e Ty REN
PCM/BPSK/PM 16 bit/s ~ 20 kbit/s TR B
NRZ/BPSK 20 ~ 200 kbit/s otk

SRRC - QPSK 200 kbit/s ~ 2 Mbit/s Kft

T FPGA HL % 1 57 BT v] iE— 28 58 iR 43
ey &, SCE A B B VR =X, L AR TR Y
R I, R EA BRI RGP
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Fig.2 Block diagram of all — digital baseband
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Fig.3 Cascade scheme of variable rate interpolation

DRI 7 Z2 45 AT (B DR I 2 6T Ny ) e (B F5 B n %
2 R e PBEHUES ctrl0 F el 43914 CIC2 F1 CIC3
FFE RS G (E R A 1, 228 R 00 g (A A5 4k
g 384 B, FEHIE S ctrl0 A el #R 1,
R2 SRIHEEHE R EEEH

Table 2 Interpolation factor corresponding to
the interpolation filter at all levels

e CIC AR A AR
5%? ki (RGERAEFEH 196.608 MHz)
J
CIC1 CIC2 CIC3 CIC4
8 Mbit/s 6 0(ctrl0) 0(ectrll) 4
2 Mbit/s 6 4 0(etrdl) 4
512 kbit/s 6 4 4 4

4 MXER

T Xilinx FPGA Xcdvsx55 HYRE L 5, 5818 1
Ka A B4 7 4 B G L B PO IR T4 o Bkl H 2
25T 1 TR T (8.32 GHz) 78431 8 7T I i L A
PERIIIIRZE SR AR 3 s o

®3 HFESHELETMPM X FRKENIRNER
Table 3 The test result of digital signal processor
unit and the X band frequency unit

ZH AR
R/ GHz 8.32
RF iy 4 1% /dBm 10.0

-80.0@100 Hz/dBe
-87.0@1 kHz/dBe

AL M 7 -92.0@10 kHz/dBc
-102.0@100 kHz/dBc
-110.0@1 MHz/dBc
PCM/BPSK/PM,
LFFRAS X NRZ/BPSK,
SRRC - QPSK
TR [ Up to 2 Mbit/s
1525 n] 1R I E 4.6%
AR AS -1 1.7%
s AN A 3.0%
FAt? A AR T RE /W 13.0

PCM/BPSK/PM . NRZ/BPSK FI SRRC — QPSK i
il 77 2 AR Al 4 ~ 7 B, Hor, QPSK (5 BPSK
PHAAT R AH 7)) 15 5 05035 56 — 317 082 A 13 dB,
1M SRRC — QPSK ¥ i 41 315 1 5% — /1 717 % U 3 35
35 dB. 4EAL &G FR G A R S e SR AH
[F] i}, SRRC — QPSK il 1 AR XS QPSK i i Jr 2k
KA TARH R R o T 4 SR 5 0 L AT
AR —H

a Mkrl @ Hz
-0.005 dB

Center 8.320 000 @ GHz - Span 500 kHz
#Res BH 1 kHz #UBH 100 Hz Sweep 12.41 s (601 pts)

P4 8 kbit/s PCM/BPSK/PM il Hi 415 & (index = 0.78)
Fig.4 Spectrum of PCM/BPSK/PM when
Ry, =8 kbit/s(index = 0.78)

. 671 -



www . teleonline . cn

RLIREAR

- Agilent 12:32:16 Oct 3, 2011

a Mkrl 8 Hz|
Ref -2 dBm Atten 10 dB 1.169 dB
Samp
Log
10
dB/

1R
Marker a WW

Lop -1.169‘dng \/ I
% EE\/ R I \f MvYV

£(fn
f<58k
Swp

Center 8.320 063 50 GHz
Res BW 470 Hz

Span 50 kHz

VBH 470 Hz Sweep 863 ms (601 pts)

5 8 kbit/s PCM/BPSK/PM 55— 53553 K] (index = 0.78)
Fig.5 The first spectrum component for PCM/BPSK/PM when
Ry, = 8 kbit/s(index =0.78)
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Fig.6 The spectrum of NRZ/BPSK when R;, = 64 bit/s
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Fig.8 The modulation performance of SRRC — QPSK
when R, =2 Mbit/s
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