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A DDS circuit design with ultra-low latency and exact output frequency

WANG Guohong, WAN Qiang, YAO Yafeng, ZHONG Liang

(School of Mechanical and Electronic Information China University of Geosciences, Wuhan 430074, China)

Abstract: The design of a high-performance and low-cost direct digital frequency synthesizer ( DDS) by using
complementary metal oxide semiconductor ( CMOS) technology is a challenging task. This paper presents a
programmable modular and ultra-low latency DDS circuit design. By adding an auxiliary phase-accumulator, the
input of the auxiliary accumulator and the analog-digital configuration can be set to generate the fractional composite
frequency control word based on the need of the output frequency, so that accurate output of various frequencies can
be performed and the output frequency error is completely eliminated. The coordinate rotation digital computer
(CORDIC) algorithm was optimized and improved to propose a CORDIC implementation which only needs a small
capacity lookup table and simple angle correction. It eliminates the iterative operation process and designs an ultra-
low delay phase-amplitude conversion circuit. Under the premise that the circuit resource consumption is not
increased, the design circuit not only realized the accurate frequency output, but also greatly reduced the output
delay of the circuit. The verification results show that the output frequency of the DDS design circuit did not have a
frequency error, and it took only two clock cycles to obtain a high-precision sine cosine wave output. This design
improves the phase-accumulator and phase-amplitude conversion circuit, eliminates output frequency error, reduces
output delay, and has the advantages such as accurate output frequency, small output delay, and low cost.
Therefore, it is more suitable for signal processing applications with high output frequency accuracy and real-time
performance.

Keywords: programmable modular; phase-amplitude conversion; coordinate rotation digital computer; direct
digital frequency synthesis; digital circuit design
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Fig.2 Modulo programnable accamulator structure
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sin @ =sin a =8 * cos a.

Addr %7 (cos a) y7 (sin @)
000 000 O11 111 111 111 111 010 000 000 001 111 111 111
000 001 O11 111 111 111 011 010 000 000 101 111 111 111
000 010 011 111 111 110 011 010 000 001 001 111 111 110
000 011 011 111 111 100 111 010 000 001 101 111 111 100
110 000 010 111 001 111 100 010 01 010 111 111 110 1001
110 001 010 110 111 001 010 110 01 010 111 111 110 1001
110 010 010 110 100 010 110 100 01 011 010 110 101 1011

3 DDS ® %% 1+ 52

TEFR FHAHIRI TR FRETEE 25470 , W& SE DDS Figk
HEJE ) DDS $E4T T BRSS9 B P 43 5]
e 3 FE 4 s, AR B INas L 32 i vE, 2
F I £, = 100 MHz, TF 4% 3% i S 15 5 B 1 5
B 16 57 (1bit £55-057 + 15bit /NEAL) |, i 45 2 B
17100 -« f,, , BB f,,, =1.0 MHz.



55

TP, 2 R R R 4E DDS A it - 47 -

4

o1 [ 2 4bit-7bit{E Atk

% 81 = Bt sNCORDICH. 1%
SEHR AR LR B 5 e rRL BR

hnas

I
I
I
i
: FAHME | N
I
I
I
I
I

p/ WA O

# XHH
*2 »
x YFA

P

1

2 8bit-11bitFl TR

#512bit-17bit R & HiER

BIEZHENE

]
P g
Fit

25 1bit-3bitF SR F 5 f FETE

g

3 f&%: DDS i&itFIEIER
Fig.3 Traditional DDS design block diagram

BT gRAE R e

S B

! P ﬁﬁ)\fﬁﬂ%‘i» ZE »

FB{R AT ZECORDICHE %52
PLRIAROLIE B S 4 i

wh E]6bitfE Jy ik

cosa
3>

Ly R » EMA N
[}

% . g % cos 9!
sina =

. kel
BEGLIHTAFRE )| o)
27

I 3bit SR E A1 Vi

B4 Hit/SH DDS il f55EIRE

Fig.4 Improved DDS output cosine error

XFAE4: DDS 1 5, BAEMSR] 17100 - £, , H
fow/ e =F /2% =1/100, 015 F,, =42 949 672.96,
M F AR A, WU F, =42 949 672, 3% i 4
W [, =0.999 999 MHz, H AR 7E i 12 25 B
T8 S04 0 A 3R 42 ) 7 b 20 R B, BT DA B
WAIRANBETH BRI A4 R 1R 22 534, AR AL I
JEAR YL B4R 3 B B S B, HL AR LA AT 4
A By, BT T S kb FE 3 ) b B[]
iy H JE Sl K.

e Tk i i DDS T, ZAES 5 17100 - £,
Bi £ /fou =1/100, = (1) [ 41 G =1, H = 100.
MR (2) A3 F, =42 949 672,A =24 B =
25, Bl AS AR 3 £, = 1.0 MHz (4% 45 2%, R
AEAER A0 3R 52 22 n) . R AR, B JE /9 DDS AT LA
WA FTA B 3 E ST BRI TG 1% 25 5
B D380, G IS () DDS AR5 I 5 A2 6 L i 32 2
/NS A PR RN AR I A, B A B B
HUTTEE 2 AWk ] 4] Ay Ak JERLEF ), ORI 1 % o
HEAT.

4 GhEEREAHM
A5 3CHRL 15T 19 DDS 56 307 2 AR SCCE IS

DDS H] Verilog HDL 47 1 52 B, Jf #4084 H]
XILINX 72\ A& B9 xc7k325t-2ffg900 #I % f#) FPGA 7
ISE14.2 BFEREE T R XST 47 1 254, HAE A
TRURIHAE S R AR R TAEARZRSE e bR a3k 2 i
7, L ERIIAE NG 3 s, ] UL, ek Je i DDS FEH
P BEURIHAE T A BT REAIG, H B TAESURAT i Tt
e H 2 5 T 35 2

x2 ZAMEEXEER

Tab.2  Comparison of comprehensive performance
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