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Design of direct digital frequency synthesizer based on
piecewise — polynomial approximation

SONG Xue-liang, GUO Yu-shun
(School of Electronics Information, Hangzhou Dianzi University, Hangzhou 310018, China)

Abstract; In order to enhance the performance of direct digital frequency synthesizer( DDS) , a new technique to implement a DDS with the
phase-to-amplitude conversion block using piecewise-polynomial approximation was presented. A design was presented to achieve in the popu-
lar field-programmable gate array( FPGA) platform. The hardware was tested, an Altera FPGA prototype implementation results were summa-
rized, the performance and resource consumption were compared with the approach of the ROM lookup table architecture. The experimental
results show that this approach achieves better performance,and it reduces the circuit area through avoiding huge loopup table.
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mable gate array( FPGA)

N HIB—RRER A, S B0 T TS AIE S, B4

0 51 & BRI, L4 51 th T 0 B 8, o 5 AT R 3 1
o e Jrihe ARG IR EE A 9 75, 9154

BHEBFEM R4S Wy ( Direct Digital Frequenc . 5 . >V

Synthesis DDFS FiF5 DDS) SR B Db gy (LT At A T SE R 73

R 20 i 70 B RS REE A B LR 6 MW 0 B

SRR R B P A DD B TERATH) FPOA Y- LS BLAY

BRI R, 1 DDS Rouh il R L IR EIEO 0, A e Ates

SRR I T ROM gy pps wrqy Coclone 1 ARPPRIGISARATR, IS AT ROM £k

SR O A 2K ROM gy 1 AT

2, OB FIECR 0T AL, SRR IOTIE, 0, | A i B 5 T

T AR T — ROM 4% 4 % Lk R WP SR B O SC BT 2

N ROM HRLEE. FEOK, L] 1 520052 RS2 DDS % i MU B3R A IR B2 D/A 76 it

s HHA:2011 -03 -07
EE® ST R (1984 =) 55 ITREF DL, F2 28 A 4 p L e 31 e EDA BORTT T A E-mail : shy253@ 126. com
BIEBRERAN FWI, B, 287, Wi+4 S, E-mail: ysguo@ hdu. edu. cn


http://www.a-pdf.com/?product-split-demo

<1114 - HL B

T % %28 %

PORIGE IR RS 4 MBIHLLRL, R G AR S, K

O=FCW% (1)
A FOW—R R 7, £, — R G iR, N—H
fir ZANE I RL5

R s 960 P, 6 R AR 1) S TR 7 9 2 35 F ROM. # 4%
FEER, FPOE ) — LR AR — R A
ROM 7 2%, SRJ5 RRLARAH f7 B 28 B9 % M ROM 7
oo PR 7 AR X RS S BT RS, TR D/ A
LA AR Y BRI Fh TR T | o ol AU i i %
W HOT Mg R S W IE S O R o TR R AR B 52
BT Reh B RIS T K E T DDS i O
S e R O DT 5 B R B L R A 0
e, (il BRI L s B M . e, AT TIFSE 4R
H T AR 2 i A S — 0 R A A e 5 ) B i, 3% e
kKRB EATLLAY R 3 K2 ROM 75 4% 36 JE 4 5
VR AR R R S s 2 T

B S IE 3% PR B 0 PR A 3R R TE 4 31/4
BV R T4 — G2 R v, 249 35 75 BE 40 14 78 8 R 18 1
o 7E TE B BR O FR Y (0 LR b, 8 0 R 45 7 v
A EBE—AHAL 2 A = AR (f23E Sunderland
254, Nicholas fRALAHLAN R Z5H ) o IE L — M 255
W sin(ma/2) —x Wi 2 B ROM % b i
sin(m/2) 33 ARE Y 45 STl ROM 3 i Ji8 {8 sk /) 2
{37, T FE R 13 AU A b — A I e By, =
FAIEAIE A — > K ROM 623 )% > 8 /N ROM
7, T HE—25 FE 4 ROM [l 454,

Fh T e 2 10 52 B 5 SRR — W R e, SR
MEARBER I AR AR, L TMissE
FRL K, AR 20 S R o7 B R B R, SR 52k,
R — Il T, 3 28 7 ¥ ST 43 A R T e v
Z U8 Tk Hovh B e Bk A4 CORDICH
G T H . 2 T R AR - AR
) Taylor ZR50R T K HoAh 2 3 s vk 45, A
WF5E R 4 BE L i @A 3 0

2 rEzmiAGE ik

AWFE 53 Be 2 X £ LA — 4 IR R B2 (A
sin(mx/2)
flx) = fi(x),

filx) = chi(x-xk)i (3)
He. v, <x<x,, ,b=1-5,0,=0,x,, =1,
d AZIARIBR,x e [0,1]5550 0y s Be, 7E45 Be X [a]
WBLEH— A2 f(x) KL sin(me/2) o

3B 22 9 T A R A [ U an el 8 2 [0, 1]
DX R4 43 A BRSO A K g BRIy 22 A B ik 5 3R 5

ko= 1-s (2)

BB 2 B0 5 WU AR b fe ()0 3 3 o4 U, DDS
25 R FE bR LA e R AR 22 (MAE) (B07 1%
22 (MSE) {5 M Lt (SNR) | Jo A& # 8h 2575 il (SFDR)
S5, ANl VERESE b 25 R A E A AN (], e T ) 2 5
EWATE . ABETE LA KA SFDR O H Br i € 45 &

AHESE R %L g (2) 27 DDS Hiyth , ) g () #YJH
WIT= 4, HIZa 0 PR ek £, P HC AR B 2 80 0T
L5 sin T ;

g(x) = 3 bsin("0) (4)

g(x) [RINF 278 BB, SO UGS I RO %,
WYUK REL b, N

b = %L7f<x>sin(2“}”x)dx = 2f01f<x>sin(”2ﬂ> dx,
n HAEL (5)
$538(2) fRASR(5) 15
m=a2£“ﬁunm%¥mx=g;adwhw>
o
al = 2" o) sin "I d (7)

PE— AR, R AR A b, KT R B I
KA e, AT . HARREL b, =1,0b, =

by = - =0, SEhprh HARE A FRUGEE 5356 T
ZI R — LM A
Avc=b (8)

Horb e SRR e, AR KA b =10 - 0],
AT IO A8 w2 O U R 5 5 B o R Y it
AT A ABLAE DU P AT AN R RO A o RV DU AR 2
it DDS WY 2 . WAl SFDR Fok, ZR T 2
0 R B /M 5 LA SNR d5c K, WU 285K J5 R 1) fie /> —

[7]
Tefiit' " .
p-2-u XX

X p2 " ROMI | ¢
ROM2 | gz | @
18 2% T
ROM3 | ¢
2k F%L

P 1 AL M B2 P fe L B 2

ABEFEHE Z I 0 BUCS R BUE , Rl 5 B A
R L B Y S B, 2 I B 0 AROR 5 S B A R
B, Brik— A HEd 3 e X2 Bt BEZ s, A iR
P L R A NI 1 s, 32 2 ol A7 i 2 T AR B
ROM RN i AR R . 22 0 4 B — e B



59 4 KRR G T B I HAE T RS i ae vt

- 1115 -

2" T RBIOKE.
3 FPGA 523
FHEABITEL 2 BrohBE ST AE FPGA )5

BUZESE. B 6 R Matlab, $5 SEDR oI ) 54
IR AR A R RS R, BB = 2" =
16 R B | R

Fz1 FR#Hcyp,cu,cn

k 1 2 3 5 6 7 8

Cro 0 0.098 0 0.1951 0.290 3 0.3827 0.471 4 0.555 6 0.634 4
Ch 1.572 4 1.564 8 1.542 1 1.504 6 1.4527 1.386 7 1.307 3 1.215 4
Cy 0. 060 5 0.1810 0.299 8 0.415 6 0.527 5 0.634 3 0.7349 0.828 5
k 9 10 11 13 14 15 16

Cro 0.707 1 0.773 0 0.8315 0.8819 0.923 9 0.956 9 0.980 8 0.995 2
C 1.111 8 0.997 5 0.873 5 0.741 2 0.601 7 0.456 4 0.306 7 0.154 1
Cpo 0.914 1 0.991 0 1.058 2 1.1153 1.161 6 1.196 8 1.220 4 1.2323

£ FPGA SEBURS, O 17548 BEl, Z204% 50t

fia) = ¢+ [ey —cpla —x) (v —x)  (9)

ME(9) 7T LR T2 2 ik 2 D afeikds, 1
ANIERS, 5 HE LA LA — ik dr . BRI
FARTEX SEGHATAN I Ak o € [0, 1] X5 B Y Ak
BEFE A p —w, B R 272 % 5o — oo, X 107 19 22 A6 7 58
Hp -2 - B - Bk 2 AT S0
FIH Cyclone 11 H1 9 x 9 Ay {145 B, 71X BT T
P p =15, u=4 fFiEp-2-u =9,

XX,
7
9
[
# mult _1 L trun
9 18 \
7
9
Cu mult_out
£ sub # mult 2 |—F——
9 9 18
delay v

B2 ik aviiAE K

[ckl —cp(x =) ] (x - ) L 11 SEEATE [ A 4]

2 fline AW 9 3 ik AR B B mult _1 52
ep (v = xp) I run BEHEIRTS , HHIBIE R sub 55
Me, —cpolx —x,) o HIFLE Matlab FEI3F ¢ ,, -
cp(r —x) > 0, X HEHRATF SEE . &
JEAE mult 2 BEHerh 5EENE Y (2 - x,) AR,

AT Loy - cp(x —x) (v =) J5,5
e R, SR T AR 4f i 57 9 ABORH 07 %) 4B BT, R Rl A5 R
Bof(x) WfH. BADBGTHE Altera 24 ] Y Quartus 11 42
BIT & 3 85T 58 M, I T 2 F] Cyclone 11 % %
EP2C8Q208C8 i b 45 B B ik . d5c Ji A B 58 %8 i v
PRASH AT TR M S B, (T 2 B —E 1
AP, 7R 43 B BOBOM 22 WU Ui R A5 218 L
DS R AT S

N T U — T ROCR , i BB S =4,8,16
EEEER IR 2 PR, HF 5P ROM £ #6350 25
R HAL, b PR 0 as BT 5 19 067 5 (1
ROM £ i1y s 4k 15 5 ) , Q S R G th 5 5 1Y AL 98
ROM & BLAF B X 0 56 — R IR (2 &7 1
/4 W 45) , Bas 0900 58y 11, e 67 8 75 5 i
SFDR Z: %0 75 A1 [A] 7 31 3 42 4] 5 FCW (FCW =
429 501) T , % Quartus 1T *p {5 A5 B PIE OO 4
SRRSO, S Matlab | 285015 5 (1945

x2 FMFENERLE

0 ROM 3/ bits ?ﬁ%ﬁﬂ@i&iﬁ A Feikidr SFDR/ E‘i?’%‘%ﬁz

MG (LE) 9 x 9/ dBc S/ MHz
ABFGE B (S =4) 12 192 590 2 77.4 205.59
AW (S =8) 12 384 590 2 82.03 181.65
AW (S =16) 12 768 590 2 83.9 194. 59
ROM #(P =13) 12 2048 x 11 85 0 86.6 209. 16
ROM #(P=12) 12 1024 x11 83 0 78.1 209. 12

M2 sl LIE Y Bl 2 00 BeRom 3
SFDR f8hRZ A4 K, U B A2 BB 14 i e v, 2% R
/e 5K ROM £ #8219 J5 ik OB, A58 1Y

Jri B WL T ROM FBEUR . 7E f i I 4 00 3 A 24
B, BGR B I AR —F ) SFDR $545 (77 dBe ~78 dBe) ,
ROM 753 £ 25M 5 #E 2" x 11 bits ROM % JE i1 83 4~



<1116 - HL B

T %

%28 %

AR HIC(LE) ,APFFE I ILIHAE 192 bits ROM B A
590 MZAEHIC(LE) o

4 4R

ARAETEA AT R 4 B 2 i 3 5k S
DDS A R FE A T v, 5 AR SR ROM A 4% 3%
JIERALG, PTRAREE A DDS R 48 I, ARWF5E
TE Quartus 1T TR FREF 58 M T — > B or Be 2 1 X
1T ) DDS #1, 77E Cyclone 11 £ %1 EP2C8()208C8
B BSEBLT B uE R, 7R BRI A T Ak
T ROM 4R R LS AE T LhHR . [l i % o i 45 44 1
BEHAL M SEACAE I, (55 B A — 5 i3 I o

2 % 3Lk ( References) :

[1] ELSAI M, ELMASRY L M. An improved ROM compression
technique for direct digital frequency synthesizers[ C]//Pro-
ceeding of IEEE International Sysmposiumon Circuits and
Systems , 2002 :437-440.

[2] CARO D,STROLLO A G. Reducing lookup-table size in di-
rect digital frequency synthesizers using optimized multipar-

tite table method[ J]. IEEE Transactions on Circuits and

System I.Regularpapen, 2008 ,44(7) :2116-2127.

[3] CURTICAPEAN F,PALOMAKI K,NITTYLAHTI J. Quad-
rature direct digital frequency synthesizer using angle rotation
algorithm[ C ]// Proceeding of IEEE International Sysmpos-
fumon Circuits and Systems,2003 :81-84.

[4] SUNG T Y, KO L T, HSIN H C. Low-power and high-
SFDR direct digital frequency synthesizer based on hybrid
CORDIC algorithm [ C ]//IEEE International Sysmposiumon
Circuits and Systems,2009 :249-252.

[5] LANGLOIS J,AL KHALILI D. Novel approach to the design of
direct digital frequency synthesizers based on linear interpola-
tion[ J ]. IEEE Transactions on Circuits and System II; Ana-
log and Digital Signal Process, 2003,50(9) :567-578

[6] ASHRAFI A, ADHAMI R, MILENKOVIC A. A direct dig-
ital frequency synthesizer based on the quasi-linear interpola-
tion method[ J]. IEEE Transactions on Circuits and Sys-
tems 1,2010,57(4) .863 - 872

[7] ASHRAFI A, ADHAMI R. Theoretical upperbound of the
spurious-free dynamic range in direct digital frequency syn-
thesizers realized by polynomial interpolation methods[ J].
IEEE Transactions on Circuits and Systems I,2007,54

(10) :2252-2261. [4miE. 5 #F]

(L% 1108 W)
3.3 &EA4LEE

T BTG 1) PC HLANEME 4% 9 5540 3% , PC AL 1
A LA X AN B[R] A KA B AR 2L T
Be, WIXTUKAR IS TR LCD BR% . A
(a5 B R BB sE i BRI fE . AR5 an

K6 s .
HiER R 27100
AT 'STED0801004B1200 " v
BEs 102 Shelf_3_Stuff Pepsi v
=)
el

() (o) (5w

Bl6 A PR EHR 23 5 i ]

4 ZERIE

T s 5 (S BRI I o 18] A R 5 B 2
BRI A T 2T ZigBee2007/PRO PSRRI I UK
TSV E RS, AL B B, ZARGEHA M
AR LR AE T R A A L AR RS T

TS E ARG, KR r I, B R Geal LAn]
5 AR, B LR AR O, T DL 2R S g
] BSOS 2 )2 BB o

% 3L ( References) :

(L] 53R % B2, %, 5. JET Modbus PRSLAY 2 4%
RG] B A shiisr,2003,23(6) :54-56.

(2] 2 .5k %, 5N, 5 JET LUK R 2 s 15
POEREAERI TS )] PR E 24 A SRR, 2006,
29(9) :28-32.

(3] 3k #i. ZigBee SEARLEMHRIMHRINIHILT]. HIE ML
A,2010,3(3) :1-5.

(4] 5% Hh,w6 ¥, P, 5 T ZigBee W BERE T
LAk (1] HLHL AR, 2007 ,24(2) :20-22.

(5] o % —Fp3EF AODV [y ZEm i m i [J]. I3
BN 5 #44,2010,27(3) :219-221.

(6] Z=3Cfl, Bl &. ZigBee 2007/PRO Hp U4k 52 55 15 55
(M. Jeat: AEntiias i R kL, 2000.

[7] Texas Instruments. CC253x/4x Datasheet[ EB/OL]. [2010-09-
2471, http://www. ti. com/ en/litv/ pdf/ swrul91b. pdf.

[8] GAO Mei-juan ,XU Jin. ZigBee Wireless Mesh Networks for
Remote Monitoring System of Pumping Unit[ C]// Proceed-
ings of the 7th World Congress on Intelligent Control and Au-
tomation. Chongging : [s. n. ], 2008:5901-5905.

(9] ZObok, e, O, 5. 5T ZigBee AR K25 IR
Ml ZRGeJ]. HLHLTRE,2009,26(7) :11-13.

(g ]





