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Design and implementation of multi-channel signal source based on
FPGA and domestic RF Transceiver

He Ran Li Peng Feng Jiao

(School of Electronic and Information Engineering, Nanjing University of Information Science and Technology , Nanjing 210044, China)

Abstract: In view of the need to simulate multiple signals in communication testing, a large-bandwidth, multi-channel
signal source hardware architecture is proposed. FPGA is used as the hardware control core and baseband signal
generator. The high-speed serial transceiver GTY in FPGA is used to implement the JESD204C interface protocol and
complete the single-lane 16. 5 Gbps data rate transmission. The CX8242K RF transceiver is used as the RF transmitter
and configured through Microblaze to achieve high-quality generation of modulated signals from baseband to high-IF.
Frequency planning is carried out for the target frequency band, and clock schemes and multi-channel synchronization
schemes are designed. Finally, a domestically produced multi-channel vector signal source with wide bandwidth, high
precision and low spurious is realized. Tests have proved that the vector signal source can normally generate various
vector modulation signals, and realize carrier frequency adjustment in the range of 10 M~6 GHz, supporting a single-
channel transmission signal with a maximum bandwidth of up to 800 MHz, which has high application value in actual
engineering tests.
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BSH, Mokt R oxD81. i 4 B Bk % A5 X BE M ik A
0x50B,0x50B[ 3+ 1] FH T ik F 4k B A X, J5 I A7 4y o 3 ik il
FEHIAL . JESD204 $2 U5 ) Z 4 T AR B8 25 A7 4% Bic B E AT R
15 09 % i . SERDES RX S 4% U F 4 4% Lane %04, 8 i i
B 0xD02[[7: 0 145 4% 1 b1 B] JESD204C Bl 474k 3 ,
H 8 % data, T AL E 0xD5SA.0xD5B.0xD5C ¥4 8 4H data
B H EAE P DUC A8,

2) B i e B

AN R 3 AL AE S 0 PR A 08 AR I E L NCO
FC B BT R A5 P A . R G R R A kR AR
R =4, HOBC B R e SR K B, N A 25 77 2% ik o
0x703, A B 1, 5 — 4 118 U6 25 4 55 I 1, 1S 1 3 i 15 1
R R 0x703[3:0 13k 3% A %8 1 =L g
i

NCO Jie & A58 XA 65 EIRAR ., T IR LK Bist #38, f
0xA07[1:0] L 2 0xA08[2: 011k & ¥l , Bist £ =4y
NCO 7E & W& 155, 7 1 F DEBUG Ml .

B 45 T 0xC31[3:0],0xC32[7: 0145 . 4 WL
gain_ctrl_init[11.:0], J#REF AKX R .

data_out=data_in % gain_ctrl_init[11:0]/2 048 (1)

R B Ay 14 T 3R TR AT R AT 0 3 25 R R

3) AR i B

ZHA B E FEAH DAC RHE KB E, DAC X
FER B 2 A7 B AH 26000 R & 2% (BBPLL) $2 4, BBPLL
ey g, A AE #E b HE S 0xF5CL7:0] L} 0xF5BLO], TE
250 MHz Z % i 8l i AR, Bt 5 U & 43 40 2 3 A 5 51 A
4.3.4.1, 3 48 4%, W13 5] 12 GHz 8 DAC RAERF 80, 1T
15 0xF5C i 0x68,0xF5B 3 0x41,

DAC TAERR H 0xF73[4 10 & & g MIX #2=,
MIX 52 Bl e s .
2.2 KEHHERIIERMKR

CX8242K 1 J i LA 1 Gsps B 1Q 3 R4 I F 3k
H FPGA M I 55 BlE Ll DUSZ 85 1 GHz 77 5e 1%
By S AFLR A T R e AR B L RO B SRR A L 1 R TR R
BOFAS 5 AT I (A0 R 32 = 1R 5 oR PR 3R (B & J BUHE
P4 T A S8 0 R O S AU 3 0 0 9% R U R A1 AT S g

A3 3K — A B AR 2 S R AR i 0 S S IR T RS R .

Lo WA IR G, X BT S AT E BRI LR
B, BT BOR M T UK b b B 1Q (5 5L A
I BE A A0k G VR A A 1 SR AR A5 5 R0 AR g i R )

DA L B2 AT A SRR R R A (] SO R 7R R [
AR/ DB N RRBE R AF B M 24 BE 5. BL 500 MHz
SR BB, A I 8,12 Gsps R FER T & B8 451 5
B JGZ R B A5 Y8 B (SFDR) . H1 58 8 800 MHz, & 45 1
mE 2 i,

R2 FARERHEZERTEES SFDR
Table 2 SFDR at different frequenciesat different

sampling rates

i /GHz 8 Gsps/dBc 12 Gsps/dBc
0.4 62.3 71.2
0.9 65.1 70. 4
1.4 59. 8 68.7
1.9 56. 4 67. 2
2.4 63.7 64.7
2.9 62. 4 62.5
3.4 60. 9 61.4
3.9 1.4 59. 8
4.4 57.8 58.7
4.9 56. 1 58.9
5.4 60. 4 54.4
5.9 64.2 3.2

MR b AR I R R R S ] 4 o 10 MHz ~
5 GHz f1 5~6 GHz BBt . CX8242K i & DAC %
FEZEN 12 Gsps, X DL 28 ZE Wi ¥R 4R 6 GHz, T F
10 MHz~5 GHz S BERIME 5, I 38 43 5 W AR IR 450 L 5
BRI R /NA 5 F Uk bk, Wit F 5~6 GHz JiBt,
TAE R A AR R, S B 1R Uk T R IR K B AR £ 15
LA NS AR R, F L, % DAC RFERHA
A 8 Gsps, 2 BRI A2 R 4 GHz, 38 i #1200 B &
THE RS B WRRIX 0 B 4% 25 0T AR T % O e Ol 5 14 0

« 3



5 AT & v F o

R, Y CX8242K iy MIX B, i 2 F otk B &
A — A E WA K O R A R A SR X R
K MACAH B4 A Wy K A i 55 . DAC Bifh
BECF P TR WA AN B 3 TR .

FIRST SECOND THIRD
0 <~NYQUIST ZONE—<NYQUIST ZONE— < NYQUIST ZONE~

1 5 /dB

0.‘5 1.0
LRSI s
AR DAC 5 8 457 1F

Fig.3 Attenuation characteristics of DACs in different modes

& 3

2% I W T 10 MHz~5 GHz 8Bt {8 12 1546 {5 &
HOFN 12 Gsps (19 DAC RFER X T 5~6 GHz 3B i 8
F5 416 RO 8 Gsps 19 DAC SRR, RN T 4 fe
i LR B i A 5 B v A AR A 5 A B A AR E A R R
AR
3 FPGA HFBIHEIZIT
3.1 MicroBlaze B AXI & & BB Rt

A Xilink 22 7 ) FPGA XCVUI13P-FHGB2104,
P& MicroBlaze 4% 4b F &% , 38 33 AXI-interconnect & 2k
BSLM CPU 5 &AM 2Z 18] i T8, BT Ah i 1P #8 7%
FHERIZ B A BE A MicroBlaze 2 A #4748 & 5 %k
it . FPGA BAZBITHER & 4 7% » MicroBlaze 4b
AR i AXT B2 5 & Fh AN AR HUE 17, Moo _ AXT ~
MO5_AXT #2584 A B, 55 SPI #: 1 AR B GPIO #58k
S, T o N4 T AR G R SR AR T RET

AXI Interrupt Controller £k 3= ol SP1,GPIO 4545
ey b Wi 5 4 A7 3 A L 4 A B MicroBlaze W% . 2R 5 i
MicroBlaze W% % — 18 FE F1 45 il SPI. GPIO &8 i) T
fi. FFEREMH SDK KRS C 5 RIT . WMitiE L%
TEENTEZ A BRAM, CPU i [A] P 77 3k B35 4 9K 3 SPI,
GPIO #hi, 52k CX8242K LU K HMC7044 FYIE &,

CX8242K ML T ARt i) =2 Fpd 2k SPI 3 10 F i
BN EF S, #id SPI#1, MicroBlaze Ab 3 5 fiE
% Jo 1% T B A A B SR 43 il CX8242K M#fE . &Itk
JHPUZE SPT, #u k70 12 bit, % 5 A bp d bR iR 280, Bods 4z
9 8 bit, @it AXT SLZk A B B DY 43 45 BiC & SPT B 405 5
25 MHz, £7 & CX8242K % K F i SPI & /5 I &

HMC7044 [FAEFE 500 5 SPI 4 1 3k it B 25 77 4% , i

.« 4 .

T T T T T T T T T T T T T T T
I
| e |
| Local Hidil: FPGA |
K ) Memory |
| (BRAM) | 5% I
| Hodil:
| MicroBlaze I
| | e I
| MO1_AXI ){ (CX8242 SPI I
|
' |
: Mo2_AXI HMC7044_SPI |
| AXI :
Interconnect
| ‘ ‘ oy MO03_AXI JESD204C 1P I
I
| AXI I
04_AXI AXI_REG |
[ Interrupt MO0 AXT
| Controller = |
| Ly MOS_AXI >{ AXI_GPIO :

Bl 4 FPGA #AZRTHHE
Fig.4 FPGA soft core design block diagram

i M02 _ AXT & £ 5 B & #. JESD204C DL K
JESD204C_PHY IP #% 3 3% 3| — 4> Block Design H, i i
MO03_AXI & £k % #2 3] MicroBlaze ##, J7f# MicroBlaze
MAGIATAT 5 W SR s A S el . Bk Ah, A (R
SR A B CHF B B i TP FIFO % Bt b 3k, £ £
TEARFE B AXI_ REG H, M04  AXI 54 28 % H in 4% 3
MicroBlaze ##% . J7 8 J5 82 7¢ SDK # 4 fifi i Xil_In320)
PRBUGHITEE S A . AXL GPIO #He5dE i7 Mo5_ AXI a2k
S % B, L 1F MicroBlaze 4b ¥R #% 7 7% Bt B R 52 B
GPIO 5| RS DA 42 o R 0 98 S0 3 14 & I B4

3 N itk Microblaze ##% » 7843 F FH A 4 5% U5 A%
W R 2= 8 (AR A R R N 3 A, R & RSG5
F Bl 25 B BE 1, SR A AR B ) T RS T
3.2 JESD204C # M2 4i%t

VU13P %% FPGA BH F & 1) RAM K DSP %5 .
I 1/0 B0 2L K S H JESD204C 9 GTY %, Al L) g
JE JESD204C WrBUE T K . Ph U5 # 7T 43 g 45 46 2 L i
2R ELZE L2 R R G Y AR — B4y, 1 TR B
FEA WU AR MBE 8 A0 777, I AT Wi . A 5 i 5 4%
Z AR A B e 40— R AR 8 L1y BR i B AE
Fie FRUR S8 3 0 36 0o R O TR RO UE . i B )R 1 R SR B
FPGA 5 ¥ # 2% 2 8] 1Y) 5 1 470 46 1k, B 55 64B/66B 4 i
5 G125 kX 50 P R 2 UL 5 PR 2 8 GEIE) X 5% DL K
BHR AR . YR D0 b R R B0 2 R s R ik
FAF . WORHEEIGNE 5 s,

D &Rt

i T D e G N
BRI B 28 L, M F. N, N’ X EE #4724, % 3
AR SRR B T



T # 5. AT FPGAFEHIMKL B S

BiEAT T RZIT S FI 5 22 1

| |
| |
| JEATHE SerDES |
1T HUE 4| 8B/10B RIEHAT |
I T 1 | —»] 64Blss| | i |
| BifY I
I
| i 4 LT :
| R R SYSREF :
I
|
: Hele |
I et HeH 2 WA :
| 8B/10B SerDES I
D] b aom e 748 iRk e G4BIGG| (el 1T |
I AR R B H) Hel |
it
: |
| |

B 5 JESD204C Wk HE K
Fig. 5 JESD204C transceiver block diagram

F3 ZTHOERESE
Table 3 Supported link configurations

Mode L M F
0 1 2 8
1 2 2 4
2 1 4 16
3 2 4 8
4 4 4 4
5 1 8 32
6 2 8 16
7 4 8 8

Horpr, L REEIEE M ORI F oy — Wi e
RSB A AL 8 bits,

Pl Mode 1 A%, N Fl N’ #8414 F1 16, %1 DAC
B 14 bit K58, Bl S T lane 580 L R 2,405 FH F A& 2y
HSRY TR Q BEEHE . TQ WS R U T FPGA
BIE 5 KA, T 56 i B Y AR BB B AL A0 51 4 o 2
R - = -0 A O o iU D Ol | B s =
SHOERTEER Q B IR 5, A X E S S RO
o BATEOR A A BOIFATEOE . BEJG . 4 BEITRATEOR
T o S R Uk A AN T AR TR R U A AT U B, R R A A
ST R R R R R, G B DR IR Y 2
AR St AR BT S I 2 URIAL S

e B A M Sy 2, B — WS AR E k4,
ALY 8 bits, — N HWE 8 M AHI R, T LIHE )R
SEWTAY 4 AT HT L B — A 2 8 (Block) 1] £ i 19 g
64 bits B . 15502 E0HE A WIS an & 6 TR .

2) ¥R

B R 0 ) A 5 AR R L JESD204C B i 22
LS AT 2 8 W R T JESD204C B AN [A] Lane %

‘A713[15:0] |A7[2[15:O] ‘ ‘AJI[IS:O] |A7[O[15:0] ‘

FratpeO Frame 1

|
|
|
|
~ 7 ™~ I
|
|
|
|

Lane0 Oct [Oct [Oct |Oct Oct [Oct [Oct |Oct
et3 [et2 |etl [etO et3 |et2 |etl [etO

I
Block0

‘A703[|5:01

|

|

|

| P

I O
: Lanel . et%t
| S

|

A7Q2[IS:0]‘ ‘Ain[IS:O]

AiQO[IS:O]‘

Frame0 Fran‘le 1
I

Oct
et0

Oct
et3

Oct
et0

Oct
et2

Oct
etl

Oct
et2

Oct
etl

I
Block0

Bl 6 Model FHiE & i bk 5f

Fig. 6 Model data framing mapping

fill . T B4 45 Lane 7 A% iy oo 72 b DR 455 7™ 4% 09 B P — 2
BEAL B % 2 0 SRS B Al A B 2 A B A R A L 3
B I 3 AR BE. B e )2 Sk 5 O dR L 4 i i
REHLKZI 64/66 137 = 8] i) B8 T B i F — A [F) 25 5% 4
7, 24 3 LA B 64 3% L7 5 3, SE IR 46 3k 5 A E
HME GRS 7L F 2 3k X 55 I, 12 05 vt 78 5 46 o2
A Y R £ B 45 T (EOEMB) £ 51 (100001) , — B4 1l
B4 AL ROFS. BT LS YR £ B 45 o B
(EMB _ LOCK), 5 4~ i 19 3 I 2% op X 76 #2 0% 3
EOEMB & J& — i J5 FFif 22 oh &l , 2 B i e — 1 42k
Wi EOEMB Z i , BT A5 38 1Y 2% vl X R RO S i 9
Z Y GRIE) X FF .

AR REEMAE 7 R,

3) P E 2t

YRR GTY o #MUR 25 K s 42 B ph sl 47 58 2o
SerDes $# 1 % 3% 2 CX8242K , DAC ¥4 %5 48 3 17 % 75 i 48

fift 3 B — RGN B AR IS o 14 0 48 (L 0 Dl L TR U e 45 Dy B
S ERER TN

# JESD204C HEWus CX8242K It E 4 Model , Bl 4
3 2% (converter) FINAE % (lane) #1283 2 P9 B B 4 A%
gl DAC REERECE N 12 GHz, H it DACO #1 DACL

I3 PR A5 5 B T B Q . B I L B
R _M-N'-F__ 66
Lane Rate = W X a (2)

H, FLOANREER, A HIFH (I 2 E .

MU F =12GHzM=2 N =16L =2.A =
e A 300 1 1% i B R RN
2X16X12 GHL 66

2X12 X1

H . &5t GTY &4 # 3N 16. 5 Gbps, ¥ FPGA
JESD204C 1P #% it B0 & &t v » LA S B0 S B 175K

e 5

12 i,

=16.5 Gbps (3)

Lane Rate=



5 AT & v F o

T # K

iR Eapk

Crill )20 e fi s

N:EUH R SRS

S R4 e

I EOEMB J7:41

N E X R

S ELANE BT

FIFO f#fi ¥4l

NAREEAE 1S

RETWE RS
-/NilliE ) EOEMB

TR

B 7 L R

Fig. 7 Chain building and synchronization flow chart

F =28, ZWH K ==64, 8L =2,
Ghl 250 MHz, HiZk @i,

GTY WM ZHnf

66
Lane Rate=250 MHzX 64 X —=16.5 Gbps 4)

64
At $h 7 Rig it

JESD204C WIS w5 25 E50H 12 i AR 81 145 1 A Bsf e 1)
L B Bl iR R RS A5 23 2 e SO A% i, TR I AR
b T — 2 PR RE R P A HLI B HMC7044 S A UK B
Bl KA M 1 B B

BT Ar e B AT 8P A1 3 LR L4 1D 5 CX8242K
FBFRAE F2 NCO #H K18 Device Clock I SYSREF 45 2)
FPGA 1 JESD204C #% M A1 XY Device Clock il SYSREF
Wl 3) FPGA 1 3C 32 8 i B ALE 5 b BEA p 07,

HMC7044 A B %% PLL B4 AN VCO., H—%
PLL EZREH FTER 2 S H i A(GS 1S IR, 5
T PLLIBER A A S HF5 . B PLL2 B HAG M 2
R VCO Hir g2, Bbah, HMC7044 CHF 14 HH
gl i HE AR R B ST R SRR 1~ 4 096 £ 4T L R
AR AR, B 8 S HMC7044 138 38 I e fE &,
i CLKOUT Ay #8 4t 4 dr . SCLKOUT A SYSREF 5
S A T A A R ST 40 AR L R 7 9 3 R
FIESR B

3.3

o 6 .

f)fit'f :1‘ DIVIDER
DELAY (1 TO 4094)

FUNDAMENTAL MODE

CLKOUTO ANALOG
_ MUX DELAY
CLKOUTO

COARSE DIVIDER CYCLE

DIGITAL (17O 4094) sLpsyNe [T

SCLKOUTO . DELAY
. ANALOG
T Mux DELAY
SCLKOUTO o FUNDAMENTAL MODE

& 8 HMC7044 ifi i HE &
Fig. 8 HMC7044 channel block diagram

HMC7044 3 # 8 3R % 4% (VCO) B R 5 [ o
2. 4~3. 2 GHz, %} F JESD 204C #2689 GT Bf4h 250 MHz,
BEXT VCO M HEAT 4 W40 A 5 &2 HMC7044 By 5345
RBEXR., MR EEINRITHRESRD
MGTREFCLK 245,44 GTY €A IBUFDS_GT #
g B I A /E S GTY 9 REFCLK, It 4h FPGA B & 4
I 4f 250 MHz 75 H 22505 5 i A2 clocking wizard 1P #
4395 R 100 MHz B i 40 /8 S AXI_CLK LA} DRP_
CLK. X+ SYSREF [F#% % i 4, 41 % [ & R 250 MHz
W 1/32, P50 FE i T 43900 2R 8 L 32 BIAT

BeAh, X B R B9 12 GHz 2R RE I 4, 3% 3t
HMC7044 B8 250 MHz B 405 B CX8242K P #K
PLL #EATAEM0 ™A . BB 4B A0 9 BioR .

r-——"¥r— T T T i
| FPGAI 14} i |
| IBUFDS_GT |
[ 250MHz | | GrG | TX_REF_CLK |
[ x_CORE_cLk!
| CLOCKING WIZARD
: 250 MHz | | AXI_CLK |
| 500 MHzIN BUFFER DRP_CLK ]
> |
{ HMC7044 [78125MH] | TX_SYSREF |
|+ >
| < |
| |
| CX8242KI B4 it |
_ BUFFER I
I 250 MHz | | RX_REF_CLK
| > PLL |
| pac cik |
I BUFFER |
| b.812 5 MH] :>—> RX_SYSREF I
| g '
| |
_____________________ 1
9 WA EC T R

Fig. 9 Clock distribution scheme

& B ADI B & A 2 fit ADIsimCLK T. B DI K&
HMC704x_GUI 3K 4 it & 2 40, 24 i SPI & SCF IR - i
MicroBlaze ## #E 47 HMC7044 i,

3.4 %(EHEERSIEIT

SR TR OB T i A A 7 R R — B0 T AR

PITF 3 B Se B R JESD204C Wril i W & [ 45 i e 32



T # ¥ .5 T FPGAFE ZHIKA B0 SB35 RETS EAN 5 22
@ signal Generator - o X

K. A HMC7044 A B A% H) 3l AR AR 2 B 75 1 S %
B4 SYSREF, 345 A& PCB % 7 2k, 7T L #ff £ B b AH o7
— 5L K& 4 % SERDES 383 F9 & R0, Hk, i
Wi RF &k 478 8 0 b — Bk, Xl DLaE o B &
CX8242K N EBHFAE M STBLRIN |- o . 55 B3] DAC %
B )25 R A PR A0 UE DL 9 W25 . PCB A Jm i ik i, T %
R S A5 i i R A A 2R DL PR I U S [R] 4% SR R B A
f14 T A5 ) A

4 ARBWIESHH

AV 32 B R R 78 FPGA v sz BLG, JIF fdi
Xilinx 2 A2 HE 9 Vivado 2018. 3 TF & & 1 47 F2 % T
%, il RIGOL iy RSA5065 Z 51 453 4 Hr A 15 5 19
5 R R AT IR IE 5 4T

e S WA 10 BT, RS B S R
&AL W i PR Y bit B ST DL R R 5 F S hdf 3C
F—ES A% SDK H L&A B H . 7& SDK # 7 f i T8
W, R4 @ SN O BR8I35 T b R R R
(BSPY/E R IR SR T .

K10 WALy

Fig. 10 Physical picture of the hardware platform

Tl {1 TR % 4 8 58 1 AR U 0 2 B 1) CX8242K fit
BTSN E , FEAH RF DAC BRI R %
B NCO S A R B0 B A0 IR 3848 L AL IR B L SerDes 4§
SHR I E A AL B S5 7E SDK H C i & 4 5
FF AT R R

56 LA LA AT HAR 5 & A LA DL 1R 7
WA 11 s, BT 08 0L e B a1 28, B e &
STV HE S S8, 155 B0 A R A I8 A 2 AR
FERR RERF o, 55 RE, RETRG . il ki
AR H

S BT IR A SRR R AR EE AR LT 3 M D
AR B DL AR B Al B 20 s A L B 2 A 3
JESD204C B8 3 35 5 R 3 I8 il 45 5 9

BRI AR R JE R AR aA B 6 GHz FbR, il & &
PAFE R R HE S  NCO W% F 6 GHz, it i1k &l
E 12 i, %t 6 GHz SR {55 T1% 8 —6. 69 dBm,

Disturd  Nosie Filtersource. |

i ~ Sweep Comb Modulation
W 115200 i Start Frequence(kHz) 0
fITFHR Stop Frequence(kHz) 0
RIEHAR ‘
0
Symbol Rate 15625 MHz
Carier Frequency 1 GHz,

Working Frequency 250000 kHz

Signal Type

Disturb &
IR & [ /€ CE X (R 1)

Fig. 11  Upper computer software operation interface

RIGOL oy | | =Lk | Frequency
Mkr1 Freq 6.000000000 GHz | Trece B2 3 4 5 6 N s e 2024/0718
Ampt: wagdhm | T | a5 off E
- | 6.0000000 GHz
Y i s T
6.000000000 GHz
5.9750000 GHz
20
£l
6.0250000 GHz
40 | SRS
0Hz
PESK
“ 5.000000 MHz
7 ‘rh SRR
A y P iy Fa o Em
90 fidanig VWM”IK'J ! WWMWWWWWW’WJ‘W"W"M minz
) ‘ %@

Center freq : 6.0000 GHz Spa
REW: 10,000 kHz VBW: 10000 kHz SWT: 500000

oMz g 11 b

B 12 PSRN 6 GHz E 5 S5 K
Fig. 12 Spectrum of single tone signal with carrier

frequency of 6 GHz

Te e 1 5h A3 Bl K2 g 80 dBe, kBB FRESK .

BERIEFSHESRESFITFEGGES. £
PLALAE B EE 5 5 Bl B S 40 oA il 5 5 28808 QPSK,
FF5 H AN 25 Mbit/s, IR #2880 0 TH A i vk ik 4% , TR %
T o &K 0.5, MMETHHLANFTHEM L5 5. B
B CX8242KNCO IR 1 GHz. 4 {8 12 £%.DAC RAEFH
12 GHz B S0 E 5. B 13 S ILAGE 84570 FTEL Y
KAE DAC (U % 9147 1Q I il {5 5 . & 14 2 100 MHz H
Fe N PR A 1 GHz (9 QPSK {5 54 &, il LIE
DU BT AT B 1Q A5 5 AR AE ™ A% B AH 67 ¢ & L IR il (5 5
e 29 32.5 MHz, LB & LB 25k 60 dBe.

SR B VRS 5280 2FSK , T 18 U8 I 2% . 45 1
W& R 4100 MHz, fF 5 # %} 25 Mbit/s,NCO 24 1 GHz,
& 15 Ao 1 GHz. 4958 1 GHz F 2FSK #ii%A .

FIIE 2R S5 E 75 X H 800 MHz 8 14 58 5 %, R H
AV3672B-S % 1 W 45 43 AT ACEA T 0 2 [l R0 3, B8 43 A Bt
24 500 MHz~1.5 GHz, )%}y —5 dBm W#I{F S . @
i CX8242K #Wufi i) ADC #47 1 GHz 9T AR 43, 45 B AR
4 —500~500 MHz % A FPGA, FPGA i J5 ¥ % B 5y
=W DAC #E47 FASH 1 GHz &3t 2, #Widxm M
HAGT A & S21 CE MG R B0 . SR WE 16
FiR.



o

S datal 3 |-

13
Fig. 13

RIGOL
Center Freq: 1.000000000 GHz = " !
Span:  100.000000 MHz | i |

A
30 *ﬂ'f ‘ m.‘.
-40 ¥ !
-50 I

. Lrﬁ»"fffﬂf«‘”-.mW‘Mnurw.ﬂ”r

Center Freq : 1.0000 GHz

RBW :1.0000 MHz VBW :1.0000 Mz

“'i
‘1 1
: W“‘"Vﬂh’l[ﬂfﬂl‘ W'F k{f[ﬂ*“‘ﬂ"

RO
1.000000000 GHz

Span: 100,00 MHz
ST :1.00000 ms ( pts : 801)

FPGA %1% CX8242K U 1/Q {55
Four 1/Q signals sent from FPGA to CX8242K

Frequency
PSR
‘ 1.0000000 GHz !
BRI
950.00000 MHz
1= L
1.0500000 GHz
AERE
OHz
PRSK
10.000000 MHz
PEP KRN
il a8
St
ES:i)

7

« 11 >

14 FWAMFE N 1 GHz () QPSK i
Fig. 14 QPSK spectrum with a carrier frequency of 1 GHz

RIGOL .» o
Mkr1 Freq:  1.400000000 GHz | Trce W:3as56 = ;«m»
Ampt: agadiy | e S o

:z(nﬁ(' m HW iy

Center Freq : 1.0000 GHz

REW :3.0000 MHz VW :3.0000 Mz

&l 15

Fig. 15

\ J‘n A A \ﬁf
i }w\ m Jr‘h il \

Span  1.0000 GHz
SWT 100000 ms ( pts : 801)

Peak

EIRR
T—{E ‘
Ak
EHRE
BMNER

ERBE
ES:i] 7

« 172 >

PR A 1 GHz 1) 2FSK i %

2FSK spectrum with a carrier frequency of 1 GHz

B 16 P4 S21 = Fag =, 43 5l 52 LogM G U &)

Phase(#817) , Delay (BERF4E) ,

ML S21 1R %, & 2 540

i E27E 550~1 450 MHz WBE R B R4, L83 -

N1 GHz Z i i B 5 &

A SR AR B R O — 450 ~

450 MHz, o] /£ % #F 98 # 38 900 MHz, & 3] % 1} 38 45

800 MHz,
38 A I ST A R AT
W e WO AR AT &

e 8 .

M BT LA HU S S U
10 MHz~6 GHz f§#r. FPGA WP

BENS)  BNR)  BOEL) M) HH(N)

HE(Y) ()
ase 100. 0000

&l 16
Fig. 16

[ml 2R3 S21
Loopback test S21

VU % 547 ) 7 28 W o B A% A R R 5 Bk R A S
JESD204C Hr AT 324548 800 MHz 4 55 115 5 145 .

PRI AT A5 R 7 i T3661A KE(ES KA #s b 4T
bR L, 5 B 4,

F4 MikfEERxTEE

Table 4 Comparison of test indicators

&b ARICEITE SR T3661A {55
BB 10 MHz~6 GHz 1 MHz~12.75 GHz
I oK T 800 MHz 500 MHz
—— 2 Tt o St 1 4l 2 i o 8 18 il

(QPSK.FSK %) (ASK.FSK %)
ESr RS S UL iE R 4 S Es
iR I NN 5 | >80 dBe =60 dBc

A WLAR SCB T 945 5 AR AL T T3661A 155 Y AE 98 il
AP UG 2 R 28 A S B B —

AW T EETF FPGA 5 E 7§l k # CX8242K
Y % {5 5 U5 3 B T S B, 46 03 96 IF , % 1 A% B OE 1 A
B T 1 22 B G AR S R A S 8 T JESD204C #2
H AT 52 9 = 3k 800 M Hz Y 5841715 5 1% i » £ WU A0L{E 5 %
FATB AT SR 6 GHz, 3CHEBUE T8 [R5, 2 80 R 48 19 30
RIE MRS A B AT Aok, ik THARES
BRI AEW S P RES RE SR AR BA
Y TR R A
S &
(1] FHHE. % L%, 3£ F FPGA Il AD9364 % Gk {5 5 I 1%
59 BT ] AR 515 1% 4% . 2021(5) :67-71, 86.
YIN K, LUO Y J.

vector signal source based on FPGA and AD9364[]].
2021(5): 67-

Design and implementation of

Instrumentation Technology and Sensor,
71, 86.

(2]  EMS.BIF. REMTRAERENHEERERRITS



T # ¥ .5 T FPGAFE ZHIKA B0 SB35 RETS EAN

%22

(3]

[4]

(5]

L6]

7]

(8]

[9]

[10]

SEELLT]. E AR TR L 2022,41(5) £ 96-102.
WANG P, MAO K. Design and implementation of a
real-time dynamic fading module for vector signal
generators [ J ]. Foreign Electronic Measurement
Technology, 2022, 41(5): 96-102.

A, S, R T T A AR N A2 2R R AR S Kk
AT AR ,2019,42(2) :52-57.
ZHU ], GU J, ZHU W G.

frequency agile and

Design of wideband
complex modulation signal
generator[ J ]. Electronic Measurement Technology,
2019, 42(2): 52-57.

EFAME IR R, FEREERZBASGES
BRI 55T B0 &5 AR, 2020, 43(3)
11-16.

WANG Z Q, XU ZH, CHEN ] H, et al. Design and
implementation of multi-channel coherent signal source
for frequency-controlled radar array [ J]. Electronic
Measurement Technology, 2020, 43(3): 11-16.
KEE.BIE, ER, % T 6 Gsample/s 12 bit
ADC #1850 2 g it 5 e L) T 8%
2020,43(5):1142-1147.

ZHANG CH M, YANG T, YAN ZH K,
Design and implementation of interface control layer
circuit based on 6 Gsample/s 12 bit ADC [ ] ].
Electronic Devices, 2020, 43(5): 1142-1147.

LISH J, MA R H, DENG M X, et al. A 312.5 Mbps~
32 Gbps JESD204C wireline transceiver back-compatible
with JESD204B in 28 nm CMOS[]J]. Integrated Circuits
and Systems, 2024, DOI: 10. 23919/1CS. 2024. 3423852.
LM PN AT S S TR R R 2 R Ak OT AT S
R AL AR S PR AR LT ], H 7 0 4 5 A A A
2022,36(3):217-223.

MA J L, SUN H ZH, REN G SH, et al

Development of a high-integration video test signal

et al.

source with multi-format parallel output[J]. Journal
of Electronic Measurement and Instrumentation,
2022, 36(3): 217-223.

SKIESR L REYE, BB e, %L BT FPGA 1Y 3841 2 1
PR 5 r 7 R S ST DL MOt S 204, 2022, 52(4)
594-599.

ZHANG H R, WU Z Y., ZHAO X L.
Generation and implementation of wideband linear
frequency modulated signals based on FPGA [J .
Laser & Infrared, 2022, 52(4); 594-599.

ABAS T BT AR R, T ASIC W I 17 9 K 4k 9 BX
ey PRIk A R )] AR 2 g 5 R 2020,
40(1) :60-65.

SHAO J. WAN SH Q. REN F X. Design of parallel
pipelined cascade half-band filter based on ASIC[J].
Research & Progress of Solid State Electronics, 2020,
40(1): 60-65.

X E, R, mE, S T SIS ACRFERA Y
80 GSps #BFE 4 SL BT R AL R g [T AL AL XK=k,
2024,45(5) :147-156.

et al.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ZHAO Y, YE P, MENG ], et al.
wideband
bandwidth interleaving sampling architecture [ ] J.
Chinese Journal 2024,
45(5): 147-156.

F S, 22 72, 3£ T Microblaze 5 FPGA #Y & £k il
FOLEERETR,2014,27(9) :19-20.

DU J P, LI ZH. Bus communication based on
microblaze and FPGA [ ] ]. Information Systems
Engineering, 2014, 27(9): 19-20.

E E#. JESD204C B 4 o % F 4% 47 )2 v % i 3H LD
AL AR R, 2022.

WANG G D. Design of JESD204C clock circuit and
Nanjing: Southeast

80 GSps ultra-

real-time acquisition system based on

of Scientific Instrument,

transmission layer circuit [ D].
University, 2022.
Brasat, TR, R, % GMSK £ if 8 el /9 Ak
AHT A 98 5535 & FPGA S23L[]]. Jo 4k s il s B R
2023,49(4) :746-752.

CHEN ] B. WANG G, WU Y J. et al. Non-coherent
demodulation algorithm and FPGA implementation of
gmsk CJ. Radio
Communication Technology, 2023, 49(4) . 746-752.
2 BIRE L H &5 SO TR RE S A
BT AR R 24 4] . 2023 ,44(2) 1 110-118,

LI H, WANG H J. XIAO L, et al.

implementation  of

multi-channel receiver

Generation and
high-speed  parallel  digital
modulation signals[J]. Chinese Journal of Scientific
Instrument, 2023, 44(2). 110-118.

T TR, — T AD9371 (1 8 3 T8 545 A I R
HEHRRIT]. d TR BRHUEAR L 2022,37(2) :87-90.
JIANG W J, WANG R Y. Design of 8-channel RF
based on AD9371 [ ] 1.
Electronic Information Countermeasure Technology,
2022, 37(2) . 87-90.

TR, 2T JESD204B #r #E i) £ 38 18 B 7] 4 1%
B ] AT £,2019,41(8) : 60-64.

WANG S M. Design of multi-channel data synchronous
transmission based on JESD204B standard[ J]. Modern
Radar, 2019, 41(8): 60-64.

BUFFR AT UR B AR R, SF. — FloRE 45 B T 3K £ [
APk BARK 4R ,2022,50(1) : 60-66.

ZHU SH X, HE M., HE ZH Y, et al. A multi-channel
synchronization method for phased array radar [ J].
Modern Defense Technology, 2022, 50(1): 60-66.

data acquisition circuit

&N

o0 3 , A AT ST A L SR TEWT ST 5 1) A s U A% i 59

RO RPN
E-mail:h2239662383@163. com

=W GRAGEF AL FEHR T IR FES

VUSSR

E-mail: peng. li@nuist. edu. cn

B B AR, AT 5 ) O AGE fF L F

E-mail: jiao. feng@nuist. edu. cn



