2% HSW AMERZSBEFEEFER Vol.12,No.5

2014 4F 10 A Journal of Terahertz Science and Electronic Information Technology Oct. ,2014

X EHE: 2095-4980(2014)05-0692-05

—MET FPCA N EEHF S5 E T A=

® R, ruF, FIAK

(RYNE KA GE B e T4 5058 T, IRYIl 518057)

W EEAENEEEZIARARNDEER A ERE G ERES, REME, IR AEH K.
MAEF:SRBHENAE, RUELTARERE EE AT A AT AN E A BEREAEY R FET
MEFER AXFHLARKBRE, BRE-—HETAGTREZTEI(FPCA)MEZEH F RF £ &
WMBM ALy E, FHABAXRFEHHGERIET ZF FHTATH,

KR K LLE; ZHRESE;, AT REITHE; AEHFHM

FESES:TN929.5 X ERFRIRAD : A doi:10.11805/TKYDA201405.0692

A method for digital direct RF up-converter with FPGA

LIANG Yao, XU Di-yu, XU Xiao-wu
(Research Center of Wireless Broadband Communication, RITS, Shenzhen Guangdong 518057, China)

Abstract: Common method for up-converter implementation with analog device is of high complexity,
poor inflexibility and large power consumption. With the development of semiconductor devices, software
radio requires the Radio Frequency(RF) or Intermediate Frequency(IF) signals processing next to base
band as close as possible. Therefore, a method for digital direct RF up-converter with poly-phase filters
based on Field Programmable Gate Array(FPGA) is proposed. lis feasibility is verified through software
and hardware simulations.
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Fig.7 In-phase/quadrature modulation in RF after up-sampling poly-phase filters from IF to RF
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Fig.8 Frequency response of FIR filters in simulation

] 8 A ELRR FF BT I S

AR ST LA 16QAMI 24~ I J6 4 145 5 ARSI R ), 22 8k [ AR R 5 vk R B, LR N A5 B U oA i A g
NCOA MBI AT . 5 58 10 MHz ¥ W 28 Ik 7 SR FE 5} 200 MSpsBU R A dE 4T A 1, A U R J 45 45 20 ) v 8 MHz
-8 MHz, & WG #i i 9 .

A AR A BE 11,QT B& A 5 4 BR K 640 AL 1EAT Z2 M PR, O HL 43 490 P g U, A5 R AR F iy P35 200 MSps
Z MG {E 53 200 MSps, R J5 2 it Z A NCOTR A i LA K 5 B 5% 3 fin h B AE - DACH . Wl 2 T AR BT ER , ek
A 107 7R .

0 ‘ ™ ‘ —— ‘ ‘ ==
20— r-—T- - - -
Y T T A
-20 | | | | | | o | o f |
-40 I l
.. o d 1 b
S T (A1 S N B ! ! —=
40 60— -t - =4 — — o
o m | | | | |
g g | o
2 A I
j oo ML 5 o0} -
L : ol ‘
= [ (i i I [
LA LN ol AR W
| | |
i ! b ]
i o \ | i
| | |
140 1 ‘ ‘ ‘ ‘ -160 ‘ i uu‘m“mu W m i uuu m‘\ i it
-100 -80 -60 -40 -20 O 20 40 60 80 100 0 200 400 600 800 1000 12001 400 1600 1800
fIMHz fIMHz
Fig.9 Frequency spectrum of DUC in IF Fig.10 Frequency spectrum of DUC in RF
9 B AR P 10 5 SSRGS

K L _E Matlab 28 18 19 3 957 4% 28 B0F 45 A A AL XS R 119

R wr 2% 1 FPGA IR FH I
NCOZ B LS AR A7 . R ISETF % T H ¥ 1% 2 80 i ;

Tablel Resource utilization in FPGA for the implementation

B Verilog SCHF P #4708 28 JE 3 #8 FINCO R 3T, W& resource ;;ezfi g‘lgfg ut"izigon/%
slice regs

Modelsim | #E47 05 B, 153 K110 F R . WE 110 F ) 5 LUTs 3920 32640 12

LR 15 25 R (LM 5 1 £ 5 LUK RF S A vy e A

P AR o R B OCHEAR S R A7 =30, JF B 5 MatlabzE



696 ABEZMZESRTFEEER %12 %

R EE R SO R, SR E e — B

A TR JEAE Xilink B 45y XCEVSX50TH) — WFPGA 3L B, RN AEE M 1R . i TA K ITEZL
AR (A SRR R R T s ey i B, RO T 3R SR As i pE A . BB R G AR N T FPGA) K 4
DSPW IR, (AR J&7E H AR ol I 2 a oy, B, o f5E 2017

4 £t

ARSCH SRR T FIRTE (ELUE B #5454 , 38 i 38
ONIUHE S T I (R U AN A0 2 A A i, A B — AR (E 0
WA, Rig, FIHZHIER R, 46%58F L
AR, DA SR o AR, SR T — R T
FPGAN H 18U F RF LA S 4 Ay M Lt 77 %8 . feJm, il
i BAE FFPGADS FLIGAIE T i 454 1 nl A7 o A B0

i B8 I FPGAME 5 b B Y & 4% 1 O 6 R0 S 431 45 0L 4% 124 E—ﬂm
BRI, RS RGN, REFEMR I, Fig.11 Timing diagram of hardware simulation in FPGA

St 4 LA — 5 0% A 40 1 PR FRGA BT

S E L Hf:

[1] mF,kER, EX%4E. TR RIS EARM]. V%78 % 8 7R KRSt lidt, 2008:1-12. (XIANG Xin,
ZHANG Fa-qi,WANG Xing-hua. Principle and technology of software defined radio[M]. Xi'an,China:Publishing House of
Xidian University, 2008:1-12.)

[2] BRARAS, B4, X0 %58, FE T 2 40 U8 B 2% 09 9 2 S5 B A5 A3 T H (0] R XA 58K, 2010,7(2):89-94.(CHEN
Lin-jie,YAN Yi-hua,LIU Fei,et al. Design of a wideband spectrum analyzer based on polyphase filters[J]. Astronomical
Research & Technology, 2010,7(2):89-94.)

[3] Egm. ZHEEARETL R PR A WIEE AR, 2004,23(4):54-55. (WANG Jian-zhong. Applications of the
polyphase filters to software radio[J]. Measurement and Control Technique, 2004,23(4):54-55.)

[4] HERCHHKIEMH. oL E FPGA #iF[M]. dbnt:-H F Tolk H B4k, 2008:211-212. (TIAN Yun,XU Wen-bo,
ZHANG Yan-wei. Design for Wireless Communication in FPGA[M]. Beijing:Publishing House of Electronics Industry,
2008:211-212.)

[5] Tecpanecatl-Xihuitl J L,Aguilar-Ponce Ruth M, Ismail Y,et al. Efficient multiplierless polyphase FIR filter based on new
distributed arithmetic architecture[C]// 2007 Conference Record of the Forty-First Asilomar Conference on Signals,
Systems and Computers. Pacific Grove,CA:IEEE, 2007:958-962.

[6] ffaude XN, FT FPGA M Z MR IE 283t )]. MOTBEVLE R, 2009,25(11-2):24-26. (HE Song-hua,LIU Zhen. The
design of IIR polyphase filter and implementing it with FPGA[J]. Microcomputer Information, 2009,25(11-2):24-26.)

[7] XIONG Cheng-hua,CHEN He,ZHONG Shu-nan,et al. Design and implementation of high-speed programmable polyphase
FIR filter[C]// Proceedings of 5th International Conference on ASIC. Beijing,China:IEEE, 2003(2):783-787.

(81 5kJy, 2= I P o 1 o 22 AR D R R AR B0 ()], A7 2, 2003,26(2):167-168. (ZHANG Li,LI Shi-ju.
The design of heightening sampling rate for polyphase filter by interpolation[J]. Journal of Electron Devices, 2003,26(2):

167-168.)
EEE T
P (1984-), B, ITREAKLTA, T %l (1982-), B, WMIRETA, TR,
FRUG, RIS 7 LS FIE T FPGA ST 1] g 6 4R 31 T R R G S

fifi 4 52 B %5 .email:liangy @tsinghua-sz.org.
FAR(1986-), B, maEHA, TRIH, F
B T 0 A LS Rk ARG



