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Design of high — precision calibrator for wide frequency measurement based on FPGA
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Abstract ; Aiming at the incremental calibration demands for wide frequency measurement devices in
new power systems, a calibrator with field programmable gate array (FPGA) is developed to generate wide
frequency signals of a high precision. The calibrator mainly consists of signal control module, signal am-
plification module, and signal feedback module. The signal control module is developed with FPGA as
key chip for logic circuits of the direct digital synthesizer and fast Fourier transform to easy produce wide
frequency signals. Moreover, the feedback technique is used to design the signal feedback module to im-
prove the accuracy of wide frequency signals. Finally, an experimental platform is built to verify the per-
formance of the calibrator. The test data indicates that the calibrator can generate wide frequency signals
with a higher accuracy by introduced the signal feedback module, and can meet the demands of the prac-
tical engineering.

Keywords : wide frequency measurement calibrator; field programmable gate array; direct digital fre-

quency synthesis; fast Fourier transform; signal feedback
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RTIKR . () F5 B, 32 {55 B A%
T EE ADC S5 H B R, 2 %) it SRR HE (S
HEFT AT T, DA i it SE A0S 5 i) MERE o
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T Pe—T CH_C1 B¢
o,l,f( 10wl 10 2 —ZICH_DO AGND 23 <Hlic. 1 e .
D5 v R o She S0 RSl GUr \R {135 01 r
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51237 DB2/DCIN_B RANGEXCLK 33N1Z
1232 DR1/DCINC DBO/DCIN_D *—
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2 it B FET Sl ADC N module pha_accr
X e K 1R 5 aw) (
Pl
input Clk,

K7 FPGA BRI Bk L

RGP He dy S 211 50 MHz g 4iR 9K 5l
FPGA &R PPL 52 B A 4 A% 45, Ay L Ath A5 e 2 4t
P pR 55 TR B SC B 5 TMS32F28335 2 [f]
(R A S T R , R R PN 58 1 50 Ak 4 FH R 42 1K
PRE(R 5 BT B , 25 A7 A% TR AEA A T 5
AAALEE 5, I HAE R iy i, /7 DDS 4%
TR A ; DDS 5 il A 5 T DDS R34, AR 41 58
TP I ASE B 22 050 380 1) 48 4> B s s T £ 5 19 D5 TP 4
W5, 7E A DAC IR sl % A ; DAC BR s | ADC 3K
S 5 T 77 A2 DAC8820 , ADS8568 11444 il i
¥, SE AR ESS 5 R BB i 4 R AEAT: 555 2 A
Bk DAC SR $HE 1PPS, LRAIEARE HE A o5 i
PRAEAS 55 (5 5 & S AL IE A Gl i FET 15 bR o
T AR IR B, AR R 2 R/ G LA T AR I
ot DDS FE il FET SR SRR A &
i R 1) T A S AR
2.1 DDS HEAEE

DDS J&—Ff 5 B Sl fli A S 3, ARl 5 A A
S AL 51 i T (7 91 ) — B S S A
AR . 8 Sk DDS 45 ¥4 #E [, — i b AH A7 20
#i A 4k £ DAC G I8 P #% (Low Pass Filter,
LPF) 41, A7 S8 S b in vk 48 f 27 7 25 44
IR fa R GEBRR R N y A B
TR L, MO A R R Mk £ 07 5K, L S DAC
AR, K R4 i 5, P o AR i o

AL s

fCEIES i A5

, L P DACHLPE
' Mbit L(AL)

K8 DDS %5ty

2.2 DDS = HEHRIB 48 B LG T
2.2.1 M Emgsisit

FHAL S DDS $ il A (A2 0, D 45 i
WA MR 25 B, RGBT B R £, N
50 MHz, Jy T3k %] 0. 05% ()0 HEXG BE , #HAL R AN 4%
HIRLEC N W% 2038 N 37, Bedt 37 bit i il

input Reset,

input[ 36:0] Fre_Wod,

output[ 11:0] Phase_Add

)

Reg[36:0] Pha=0;

always@ ( posedge Clk or negedge Reset)

if (! reset)

begin

Pha < =37 h0;

end

else

begin

Pha < =Pha + Fre_Wod;

Phase_Add = Pha[ 3621 ] ;

end

endmodule

Horp Clk 2 RGERT 3, Reset Sy B AULAE 5, Fre_
Wod 7y 37 bit #1545 il 5, Phase _Add Sy A2 2 i
FREYE 12 bit HuHE(E
2.2.2 #HRFREIT

DDS AR J5 gl 2 188 5o 25072 A AR 2 1 5k b kil A
TR 45 il i 015 5 PO B R FIAE AL, A 4R R 2
DDS 45 A ) B EEELRL . Oy 7 AL 0. 05% FYALHE
RERE A R B S BB 16 bit, HILAF iR
I PR IR 2 255 AL BN 4 i) Sk 4K,
AT 5 FHRAEAEEIE N 2 x 16 =65 536 bit, AT L)
P AT ERY FPGA R N AN RAM 523, JE
e UM AR AE i B 5o B RAM TP A% & A 4%
e, MR IARTE S BT A R AR S

module loktab

(

Input Clk,

input[ 11:0] Address,

input[ 15:0] Data,

input Wren,

output[ 15:0] DAC_data

)

endmodule
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T B A R U A 5 1) S i L D TR B, O A
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2.3 FFT {iZiEHE K&

AL HEA S AL & 2 50 UGBk B
5 B R TEARAE S K I R A E FPGA S HE
Gy 2 R FET S A . i F FFT 5
LB N SFH «[ k]S N KR BRI N
(N = 1) ZHOME Y RAE SEN SR, i 2
TR0 25 S PR B0 K, 38 K FPGA 1%
6], A T8/ FPGA FHELA[R], SR ] FFT HRH 53
w3 2 B AT FRT B9k el i 4 2u i
2.3.1 32 B RHHER FFT 32 45 B 5 T

BUREA S38 1 fe i MR f, = 2. 75 kHz, iR
FEE BT HERFEAIA £, =5. 5 kHz, % &3 P FFA R IE
FARG LA K T i FPGA [ 8 4 W U, 18 B SRR AR
SR 6 kHz, 5 ERAE S ECK 512, &9 Sk FFT 24
WITHER, B FIFO fEif 4% A FRARZS HL( Finite State
Machine, FSM) | FFT %34 5 5 05 (i $2 BOBE He 41
B FIFO JUREE A 512 58N 16 bit i 5H 2217
i, FOR B A7 BURE BN s FSML £ 3 58 il FFT 53345
B\ FIFO JS2IOBHE LA B ATt AT FET 5 04 (i 452 U
BTG FET SEyAAE L 0 45 5 e (e, R i
(B B KA AR LA AR o

A
FSM S
FIFO == FFT

K9 FFT 2 BIHER

2.3.2 FFT HEMHT

FIJH Quartus T1 F4% ] FFT IP #% L& FFT 55
A 7E MegaWizard Plug — In Manager | % #
FET [5G 280, 508 FFT KR 512 41, fi A %L
Tt i S R R 1 E REE8 O 16 bit, R4
H o281 Verilog HDL,

K10 Jy FRT B as i m B . clk HER S8
IS B AR 1) 50 MHz i 445 inverse A fIG Ha ~F- Iif
AT FFT a8, Ny i SR 547 IFFT (Inverse FFT,

s o B -3 AR 46 ) ; sink _real |, sink _imag 43 5| /& fi
A BHE B0 S AN HE B 5 source _real Fll source_imag Ji
2ot FET J5 i 45 52 B0 52 B Ak . o, sink _
sop .sink_eop . sink_valid A {Ffy FFT 09k 5 B i) 4
il {5, th FSM 2R, source_valid 7EASTH 4 125
18] >~ & H S, I H source_sop | source_eop 475 A
— >k E S, 2 AR TEAE S 2 — A B
fi 1 A Jm — B

sink_real[15..0]  source_real[15..0]
sink_imag[15..0] source_imag[15..0]
sink eror[1..0]

source_ready

—clk sink_ready ——
—resel_n soturce_error[1__0] ——
——inverse souce_sop [——
—{sink_valid source_eop ——
—sink_sop source_valid ——
—{sink_eop source_exp[5..0] ——

E10  FFT Bk st n K
2.3.3 FSM Z%ixit
FSM 7 55 ] FET 53R B i YA~ iz AR 2
idle ,run \end F1 wait Y], d B 14348 1 5 58 1LY
FR ARG
constant frame - =512;

type state is (idle, run, end, wait) ;

interger :
signal current_state, next state . state;

signal sink_sop_c, sink _eop_c, sink_valid_c .
std_logic;

Process (clk, rst) is

sink_sop < = sink_sop_c;
sink_eop < = sink_eop_c;
sink_valid < = sink_valid_c;
end if;

end process;
3 BB
TE 25 2 RS A G Ak 11,

B BOEACSE I &
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3.1 REMESHERESHT

Y o3 M B A S TE AR B S  eg A v SC i A
SSUERAE B AVE T, 23 0 %8 T A 5 S AR B A
INERA 5 B s B g M A B0 AT I B 5 0 A . Y
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SAHSEIRAR T, 2R 1 3 YR I R U B Al o
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~
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i
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1 0.01 002 003 004 005 0.06
I} 1) /s
P12 AR B = AR R

M TR UL FEAE 5 SO RER , B
AL D RN R LN EREA U] R ERTIDTE SPS S OPN
T2 AERE ORI bR, ML R 22 Wt i KT 2R
0. 05°, ANl /G 2R I8 5 5 TTE AR 5 S5
YU a5 S ER T WA &, (R AR AL AR R
ZERMREEWD o Hor, B () AR 22 /NT0.05%
FARLRZE/NT 0. 05° , WA G KRG B 2K .

F1 3 RIEKMELEX L3

WiH WEH WREeNEME  WRIRRZE CRBNEE  ERBRZE R R
IE{E/ A 0. 100 00 0.099 989 -0.011% 0.100 104 0.104% 0.05%
A #f FENL/° 0.000 0 0.031 4 0.031 4 2.458 0 2.458 0 0.05
45 %/ He 150.000 0 149.932 5 -0.045% 150.229 5 0.153% 0.05%
E{E/ A 0. 100 00 0.099 970 -0.030% 0.099 825 -0.175% 0.05%
B #f FAL/° -120.000 0 -120.041 7 -0.0417 —-121.060 3 -1.060 3 0.05
45 %/ He 150. 000 0 149.932 5 -0.045% 150.229 5 0.153% 0.05%
WL/ A 0.100 00 0. 100 025 0.025% 1.001 260 0.126% 0.05%
C #H A/ 120.000 0 119.950 7 -0.049 3 119.811 2 -0.188 8 0.05
45 %/ He 150. 000 0 149.932 5 -0.045% 150.229 5 0.153% 0.05%
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SVR = 1015

Horr:A, O FET 28 48 )5 it A0 A 19 i K
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PANANY U Sl R SN

FET 13 AR £ 5 S B R AR A A RO
SFDR #94 50.54 dB,SNR %y 42.35 dB, i {5 5
RS, SFDR %93 40. 18 dB, SNR 3 31. 60 dB.
M SFDR FI SNR 545 XF LAl WL, 47 5 5 S 15 A 4
5, SFDR il SNR #5845 K233 71 10 dB. {545 5t
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