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An Analysis of DDS Spurious Spectrum Based on
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Abstract A non-uniformly sampled model to DDS is introduced, based on which an analysis of DDS phase truncation
noise is deduced and some important conclusions including the explanation to this kind of spur noise are derived. Further
more, a technique to restrain DDS spur noise is introduced. The Matlab simulation indicates that DDS spur noise can be
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effectively restrained using this technique under some restriction conditions.

Key words Direct digital frequency synthesizer, Phase truncation, Spurious noise, Non-uniformly sample

1 31§

BT INES KA (DDS)Hi AR 70 FACHI thTierney
2 NOUR W LR, SRR TG 2 1l — FOBT IR AR A5 pli
Ko BEANERIDDSHATVFZ A, HlF5IAT firth
TR A B, R T DDS PRI FH A AR I 5 7D 0 T 2 484
DDSHIFFT K154 &5 43 - Nicholas S FH 8016 /7145 8 1 A A%
W7 2 B (M S R A A T S i, AT RS
G WL B b S8 T 4 i V045 40 Wt T B AR o7 88 i A R AT
T B2, BT X e vh AR S S0 i AT 38 5 R A
BB, A0 5 AT RIS LS RS . JE Tk, AR
P2 T DS ARSI A RFFARAL, XA R 2 AT 23 17 I
T T W R I LR SR . T IART R G 1 A
NG RE VLR S B PR R B b, AR SRR
T — PR RERE AT AN AR AT MU AR B 7. Matlab) 17 BL4S
BRI Z TSI A K
2 DDS I{ERE

5% DDS RARAL Enasf N Az E s AT
ROM -4k, AHAZARMT A B=N-A, sl s K, T
YENBPA T, . & DDS [MIBEAL n] LA 4k A RARS 50 IR 3%
WSR2 K=1 I, DAL 02V T, =27, TR
AR £ = /2N 5 MK 210, FoRLLKT, RFE
WK IE 52 e EAT SRR, BT DA AR B0 K=1 B K £,
BB ) f = KE /2N o ZRdrml g, SR K

2005-03-08 i #l, 2005-07-25 47l

i, DDS [zl f =Kf /2N .

HIX P FARIYDDS, 52F5 FHH T ROMI 25t A% A3 4 107
SR INALE R ARG R, X0 H I T AR AL
B, BRIZIIEIF AN e (n) , SRR AT 40

e, (n) = Kn—2°[Kn/2%] = (Kn)mod 2° (1)
G RERZE N O IO, R 2 401
%mﬁgh,mmﬁﬁ ¥
Ell Kk, = 2°k, ©)]
TR K # T LLS
K=2'2p+1), |, p i 4

JiTbL 2' =GCD(K,2%) , it GCD(K,28) %on K A1 28 [ i
RAZHL RAKE)H

‘= 28 _ K

' GCD(K,2%)" ? GCD(K,2%)

H FEAR AR, SIS LR 25 1k 22K 12N ) 5 SRR IFAH

B BIEBU AR B HE 27 1 22 )X EE P 1 ez, al L 243
A RE)H, BAINAEE Ao KUk, SZBRARAL BTN RAE A
WSRLIRIRE A K, 1RO, IS EATT TR BRI ARAT R ZE AR AE, ]
1A A RIS B A AT FH R G R AR K R AE KRR (1,
Wk, TRk, o XTI, RGERFE S n A (n+k) g3
MR ZEAAR, d M, R

()

zB
" GCD(K,28)
JUIDDS i L 1F 3% ¥ 5s,(n)

(6)

M, =k,



5 11 ) B OPAR IR AR SRS ALY DDS AR T % RS 2 2183
k 2mK/2Vxky S, =[9(o,), (M, =17 0),g(M, T, + @), 9
_ o . WIFEIFHIAER m, 35T S N
il | Y g Sn=[m10).9(p,). (M 170, 9MT, +,).-1  (10)
o N ox AL, S, =Sz,
4 £ > TFRBEFHI S LS

/ictual phase My -1
v S=> sz" (11)

m=0

27 /2% k, AT, XS K, A

1 Mz SNl i
Fig.1 Processing of phase accumulating
nK — ep(n)}

—

X@)EY, WREARE e, (n) . FTBI %5 H 751
s, (n) W BARFI R SRFFII SR, RZMSIAN, R EK
FRRAT: s B I A B B, N4 AN R R AR il 17 5K
B S BRI A RAEE R . R TN X — 8 5 R A R gk
1ot
3 JEIERIFEE

S RGN A R AR R 22 VB U T S B 7 L
AR S RAE R, (HR SR S I IR AR T
117, 2(6)R B RGNIFRFE s n AT (n+ M, ) Jrf3 216 2 {E AR
[, A0 U A A 7 S SR LCRAE JA I T ki,
AT AR SR, AER R B M T, DR U RR 3, T8
DEEN KA R S T BIARAE T, BEi M T AU
PIRAE A, W 2 P

s,(n) =sin{2;r (7

MT

TN N D

MiT

»
»

1 | | | | | -
I 21y 3l MTs (Mit1)T; (MA»HV)TS
PR EREHIOE | BaPIe o it
Fig.2 Non-uniformly sampled model

IR PSS =[9(00), 9(e0). - 9(M,T + ), g (M, T, +
@)1 ATELMEEL M ANFPF, AN FI L I8 50 R AT
BN, SREEFIIN M,T, -
So =[9(90), 9(M, T, + 90), 9(2M, T + 95+ °] } ®)

Smy1 = [g (QMk—l)v g(M, T, + QMK—1)1 g(2M, T, +(0Mk71):"']
Ht o =[pg, 01, o, 2] AEADKFEFIIIVIAISL,  TE R
T o B A R RAE S ZMARS S . @, AT ARIR
T, ey » e Do, FSRE R —ASRAE S8 AN 1R AE (i
75, MYSIRAERILE N 0.

IRAEH sl el S, P AR E ST S 5 2% 1B Hrp—
TS, « HOELE S, FIUPEA (M, —1) 40, 132E51 S -

M = (MT; =) I T ooy, 1T (12)
ER BT g, 51 T KPR A5, BT LU 1, KR
AR STIORERE, T BISH G (w) B

+00

1 1 "E jeziemeT) o
G(w) ZT— Z Mo Z e i(w-2iz /My S)e—12|mzr/Mk
k m=0

s| o 27
-G [a) I(Mk_l_s H 13)
Hrf G (o) MHERFEA 5 (KA

BLERFERE, M =00, A M, Sbr BA5ET 1, TR
M, T, =T,, fRAK@13), 1

Glw)=1 f G*[w-2iz/T,] (14)

s i=—0

Xt AR e, A R M B
4 DDS L RED
X DDS &4, XMW IPCRIEE S LLRRETR, & IE%
gk, T2
G*(w) =275 (w— a,) (15)
X @y A IESLEE I R .
R (15)RAH(L3), 733

M1 400

> Y 2x8(0-wy 271/ M,T,)

k's m=0 i=—x

G(w) =
) e—i(a)—(z)o =271 I My T ) Ts e—ia)orst e—j27rim/Mk
1 My -1 4o

276 (w—awy, — 271 M, T,
MkTs mZ::'),:Z ( 0 ks)

RS TL

—0

se’jZ”im/Mk (16)

RT RS, wSOFF A()
M, -1
A(|) — Z ie—jrmanolfse—jlmZMMk (17)

m=0 k
T, el
G(w) =Ti f AG)-278(w -y - 2ixIM,T,)  (18)

TRAEQT 2T

(DA = @8) T, it ARSI SIS
S R SRR IE 5245 5 A b — 280y ST e 41k, 1
JEd AGQ) PE], 7RO, f.] YElE NI M Sorarisk, i
75 fo+ (/M) f o WL, RIS SRAEREI X R I v e
T R AR () 2R OO (R o T S R A A R R A
B, WANRFRTELO, f, /2] Ju N, TR A M, /2,



2184 516G R

2 ) i 28 %

B LE % M Oy
28
M = Mk /2 = 78
2-GCD(k,2®)
(2) WRLRMREE  thT N LAHG: SRInEs it A4, st
115 I B N (N-AY, T 2N 127 = 2N A = 2B A
BynEE, SFREEAIAE Y TR, B AR SAR A
JEN (L7 T
0 B
A(l) — zzgefjimZII/Mk
m=0 k
2 1
M, 1-cos(2iz/M,) + jsin(2iz/M,)

(19)

(20)

FieA
A = E e
« [L—cos(2iz /M, ) +sin®(2iz/M,)
= 2° cscil (21)
2M, M,
Tt NS (18) AT SRAGFATAE f, XoF IO (1 b 5 -
2r 2B iz 27 2B iz
PO = o, Sm, ~ 2V om, S,
N TIM
sin(iz/M,)
R L, % O P AR A A A R 2 38 5 SRS
R KRR P YE 1
B)fFMEtk SIN - H1x(22) T HF I LN
S/N ~201g2%N =—6.02(N - B) (23)
AL, A B BRI, AR AL 6dB. A,
FHUIR BN Rz, AR, AR k.
5 FENIEETIRZEINS
AR AT 2 AL S maDDSAE I 1) — AN E N %, 1R
%25 HAE RN 4R 7 TR BRA o0 i AT Fr) s i1, A
M BT WIR AR ZE AL 1) 5 I, XTROM 2 k3% IR 46 %%
(R, AR SCHEH —Bh A3 1 57
HH T PR 20 BT P 0, RV TR ANRL BE PR SRR I T 453 21 Fr) AT
PIAFAEIR 2, AHZ A2 BE R A R AE IR0, S B AL A
JAMIT, =M, T, IS4 B8 20108 7 51 AN A0 AR A 35 2
T, RFEASRBEYAIRFET o AUk r LU ROM ki
BT A T, AFhRE, T84 BT 30 (057 (3 5 E Tl ik
DAC, T35 & KRS, Wil 3 i B 3 i M,
HREBTHOE BL f /M, A i P S AT AR, K (4)
PR, AT K B DR R K =2'2p+1) (I, p h %),
T GCD(25,K)=2", 8 M, =25, FrLAFERE {8 s B
ORI K AR T Lo | R AT SR M, SRS T
FEREER £ AT M S SR AT S2 8. 1] 4 2 2 K=56, N=10,
A=5 I BB e M IR Matlab 07 B TE K. FRARE T )
T, MR (K /2N +i/M,) f, =[0.055, 0.305,
0.555, 0.805], SiE4AR—F. ¥ 4 2dudt )G rsngE,

(22)

N-bit phase LPF
accumulator o M,
————( : }———| LUT [~ sample[—~ DAC
Frequency A-bit P —\—
control code K T addr. T t T \
Reference clock f; Output frequency fo

3 ik DDS kK
Fig.3 Improved structure of DDS

o
2
]
2
=
g
<
0 02 0.4 0.6 08 1
Frequency f7/ f;
)
=
2
£
a
£
2 i AR S
—400 AT S NN AN SN N
0 02 04 06 08 1

Frequency //( fs/My)
4 o AT DDS i ARG e H
Fig.4 Improved vs. traditional spectrum of DDS

T T M CREE, BrROZE TR SRR /M, SEBR
BRI R PR AR 45 R ER LA M, o

&l 4 FTLLE Y, Sk Je R A b AR A T e 55 KK
/N, AR BTk ) DDS JE X ROM i th 8 FF HEAT M,
KA IRACAEAT IR AR RAE szl S B b ) — S8 PR A
AT

e, RPN R, MK /2" <1/2, 143
K <2t ZEHEAT M CRFER IS, [ BF 5 2 R A 5 21
K/2¥ <1/2M, , 1§2p+1<2*t, X M, =28/GCD(2%,K) =
2%/2'>1, FiLhI<B.

Bk, #5K=2'Qp+1) (I, p WA, WXL

I<B
2p+1<2it (24)

6 LERIE

AR AR AT R RIS DDS [ TAE BT T
S3HT, JEXT DDS HIMIRLAINT % 22 HEAT T VESH ) B8 40H A
WL, TSRS S O A SRR A ik e 4 — B
A R g5 i

(L) AR 359750 SRR BT () K R T e R T A L B Hh
i R

(2) HE 57 20 DT A = 340 SRRV A 5 £ Kl e e 2 i
S ) PR

VK5I RRERE TR S Rl 25 5 SRR, A o7 48 M e
SE T 2RO R R, [R50 R R
£ JE S P o

33 WYL AR T T 1810 2 1E S5 PR 40 B 34 AR50 SR
FECRAEI B jitter thm] LLEIN) R T 46 2 o8 % ) 37
B AT R T (B A R BSOS IR, S



113 y

AR BT S RFEEL T DDS AR B AL O 2 B

2185

AN U8 T A U RE TE A A KE B 1 -

e, AT 5 RS 1) K R IR AR 1 AT
$&, XIDDSZ MM T #4155, Matlabfj ZL45 KK, &
S 1 DDS X Tl AL — 78 4% A IR A 3 42 S BT = AR A5 5
(1R AFLS7 48R T 2 50 A AR e (X 4 P S T L 4 5 R
B, ATEFPGA ESEIURME T 2% . [Fif, WARSEROM#E
JEAE 7V, 3 24 WA (MR

SR W AER S R M T i A T R W 12

BETESE . WERE ST OU AL, T B R AR AR B A
HA NS %

& £ X #f
[1] Tierney J, Rader C M, Gold B. A digital frequency synthesizer.
IEEE Trans. on Audio-and Electro-acoustics, 1971, AU-19(3):
48-57.
[2] Nicholas H T, Samueli H. An analysis of the output spectrum of
direct digital frequency synthesizers in the presence of
phase-accumulator truncation. Proc. 41st Annual Frequency

Control Symposium, Monmouth, 1987: 495-502.

[3]

[4]

[5]

6]

(7

(8]

[9]

iz

s

TR, B, AL SN DDS BEA AT S, HL RO
224, 1997, 28(4): 137-142.

BIEGL MHAAERT DDS it kg malt 4 5k 5. KRR
2244, 2000, 30(1): 141-145.

Analog Device. A technical tutorial on digital signal synthesis.
1999, Sectionl. http://www.analog.com.

Jeng Y C. Digital spectral of non-uniformly sampled singles:
Fundamentals and high-speed waveform digitizers. IEEE Trans.
Instrum. Meas, 1988, 37(2): 245-251.

HHEEE F55RECE R, bt mEHE HRAL,

2000.5, %% 9 .

SUBEM, EIHERAE. —FhBE A R DDS 28R vt ik, Bl
1L, 2004, 26(3): 61-63.

FHe 4. DDS A 4 s El. xR, 2003,

18(6): 25-28.

S B, 1980 4R, L, WFSUTT IR B B A B RS
TSN,

B 9, 1956 4FE, #ow, LS, BTN A
SRS AL B



