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RESEARCH AND IMPLEMENTATION OF FPGA-BASED
HIGH-VOLTAGE PULSE MODULATOR DATA
ACQUISITION SYSTEM

ABSTRACT

High-voltage pulse modulators serve as ubiquitous power supply
components within particle accelerator microwave power source systems,
finding extensive application across diverse domains including medical
imaging apparatus, radar systems, and plasma physics investigations. As
particle accelerator technology continues to advance, the demand for
stability in pulse modulators escalates, necessitating the dependable
operation of high-voltage pulse modulator systems. However, the
assurance of reliable modulator operation hinges upon the devices
capability to generate precise output pulse signals, a task that mandates
real-time acquisition and monitoring of the high-voltage pulse modulator
output signals by trained personnel.

Presently, indigenous high-voltage pulse  modulator
development entities conventionally employ oscilloscopes in conjunction
with current transformers to capture the modulators output pulse current
waveform and employ oscilloscopes with dividers to capture the
modulators output pulse voltage waveform. However, this approach is
cumbersome, requiring meticulous oscilloscope configuration for
waveform assessment, and yields waveform data that is incompatible with
the control system. Consequently, this paper advocates for the design of a
high-voltage pulse modulator data acquisition system based on FPGA
technology, aiming to mitigate the deficiencies in the prevailing landscape

of high-voltage pulse modulator data acquisition, thereby facilitating
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precise acquisition and processing of signals emitted by the modulator
system.

This study undertakes an initial analysis of the performance
metrics associated with the high-voltage pulse modulator system,
subsequently identifying, and selecting the requisite key chips needed for
system implementation in accordance with the stipulated requirements.
Furthermore, the paper outlines the overarching design methodology and
framework of the system, developed employing the Verilog hardware
programming language and adhering to a top-down design approach to
construct the control system. The architectural layout of the system
encompasses three discrete units: data acquisition, signal processing, and
serial communication.

The data acquisition unit assumes primary responsibility for
receiving and packaging data originating from external high-speed analog-
to-digital conversion chips. To enhance signal acquisition accuracy, this
paper introduces a directional synchronous signal control level trigger
module.

The signal processing unit is primarily tasked with filtering pulse
signals susceptible to interference from robust environmental conditions.
To address this challenge, an enhanced fractional-order sparrow search
optimization LMS digital filtering algorithm (FDSSA-LMS) is proposed
in this study, with its implementation in FPGA facilitated through the
Verilog hardware programming language.

Serial communication is entrusted with facilitating
communication between the PC host and the slave, enabling the
bidirectional transfer of instructions from the host to the system via the
serial port, and the transmission of processed data from the system to the

host via the slave. To meet the exigencies of practical application, data
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necessitates packaging for multi-byte data communication, prompting the
adoption of the widely embraced RS485 serial communication protocol.
Through the systematic research and design of the FPGA-based
high-voltage pulse modulator data acquisition system, the system devised
in this study realizes the dual functionality of filtering and monitoring the
output signals of the high-voltage pulse modulator. Moreover, the designed
high-voltage pulse modulator data acquisition system effectively rectifies
the deficiencies inherent in DSP+ microcontrollers concerning data
acquisition and signal processing, and to some extent, supplants
oscilloscopes for waveform observation. Noteworthy advantages of the
system devised in this paper include high sampling accuracy, flexibility,
and portability, all of which bear significant engineering implications in

enhancing the stability of high-voltage pulse modulators.

KEY WORDS: high-voltage pulse modulator, domestic FPGA, data

acquisition, synchronous triggering, filtering algorithm
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BE9HR R, R REMAETRREN 1024 NMEE SRIEE . B, ik
HUA & A Fr s BRREIH IR SE R, NRERRIRMA . HAT, REf%il E X i
/55 T 5 SR ) SR VRAT A R TR T S AR R TN A BEAL VS ) A7 1 (F-FRAMD

F-FRAM & — M B A d HoR, 256 T AR A7 48 (il EEPROM)
(RIEI R RR RS I A BENL UG M A7 (2% (RAMD [IPUE S NAE T . F-FRAM @ & —
MR (R AF Ak SR 6, el 2 AE 7R BB B N E BB AR BRI . F-
FRAM () A R 3 8 1o A FH 2k e AT HITT AN 2 A% SR R T A7 B O R AP B - B 46
A T4 RAM 325 8 5 1 EEPROM HIARHE R PEREIE o SR Ut , FM24CL64B
R EReRaE . ATEEME ) EEPROM 51, & T & R 5 B AR 5 A (iR
TRJT 22 1) L 154 F 37 5 B0

HAl, Y% FPGA HIGERTIEAL T B il 7 KB H RAM f#fildt. H
mn, Eota L T BRI R, HTR RAM fRf#4: 5 FPGA BT 42
FOERE, HE8 TP 1%, ISR MEIEOGF B PDS i 5. Kk, AP
A DAARAE FURR 58 IR FH 77 5K, BB XA TP %, TR FPGA 38 4 RAM
SR YBERANT o XM FEACE —EFE R ERRAR T Bt B AR Mok, Xzl
JFEE N T 48 RS, LR FPGA %] RAM IELZ 6], Scalxt
RAM WUER I B EAT A AR 2R (1 D e .

223 HIRESLEFK

H e s kb R i s DARFE SR TN, SR MG S 55k s
Beo Bk, T REHEEMARERE S, DR LE 5 DUHBRTIUE 5 %o
B HAEE R 2 CEZ ., BT FPGA, A SRR IP i 7 IR0,
K BN B A5 A AT S5 AR & . ARG FPGA BRI T IENK
&, ARHEX S AT IS SR A5 S IEER, 0 DR sk IO R HERA 1

VN5 5 A B R R OCH BE 5, I8 A bl T e A BT VF 24
#, AR R T E. K RIGHERRA G, XA F B AR iR 2R
Peo HET, 5 B I8 s 25 T i/ N5 2 (MMSE) BB e >k
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il T7 (LMS) Sk, HEZRFHAETHEENYE, nl i IER g R A
PR F . ORI, LMS JERas I ARARAT R R o WSS JSE ARG 52 2 1] AR AT R 1l 1
e, 7T B S LR AN DT T P BRI, R RGO T e
i LMS JEBSEIE, R B AL PR R E A5 5T 2 R T K

F Mk st R A 25 i 1 P RK RS 5 R A s 2, HARIBBLSERE R, ZORZ B
Sk B B SERS AR AR SL AT, B AMEAAE 5 2 A A R R R
PRI T REE RGN F . AT RE UK 5 5 BEHARIE R BLSE oK, AR
AN RIS S il 7 SR AR o

224 BINRGEXK

TEAFA AL B S BRI 2 J5 . R G0 T 2208 & & IS R G0k 508 1 i 21
PC 3 AL, PAEFH P Ui . AR, P/ El s S RSt FPGA KIAMK
184, LMEPAT AR ITIEE . 25 R 202 11 He kol R | 25 1R SE R LI 1 100, R 2R
Gri T ERATEASAE N RGBS VMo B AT IS R 48 1 HE TRUE 1 I [) 8] B Ao
A EARED . B AT B R ks X 2-3 s

T BN T
| -

|

DO D7

REWHE P o1 0o 1 1 0o 1 o0 1 o1 1 1 % HEhE#E
T A€ T T T
R fi smg Bk SRR

LA
Bl 2-3 34T IS K it
Hodles DA A% fan A5 B0 B2 4% T LR D AR A 2R - BBt S5 I9FATIEE A LE,
HATIRAE B AT T 5 Sl AT St S5 iR %, A RENZ R RS H R 22
I o X ALEE T A SO R v Rk R R S R G, e AL i R AT IR
5 ENLEFEPO A R ATIEAE d T s Uy AO& TR A B AL fd R, (H
THIE T EIATIT O A%, BEIHEWE T ARGERIET K.
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RRGUERET 2 KA T E E P RS485 S BT SR, &
HA LR LA

(1) RHZEMMES, AREMHIIEETI, SREfE k.

(2) RABEIEEERE, SAEREE T 10Mb/s.

(3) TEVBREE I LR P SR B 38 A0 22 A AR I G, ORI T R4
RN 7 7 N WA L

DK, RS485 HE A RS MIIE(E L. BLAh, RS485 S WM AR 5 FH -1
W2 R, KA G — MRS PO AR SO R Ge B i B A 11 v e ik e
PRI BEE M 2, SR RGN R
2.3 BIERE ARG DAL

v L P R i 2% B R SR R S S5 A A T 2-4 P, EEAT B A . AR
KEML ARG BEBRE RS FPGA Bl % O A HE R G557

FPGA

> 1T Gl ]
ik w| % ¥ %
ot A S e b i i f 4% PCH |-
15 HLB e e e T B R A ' L
5 YRS e m | e | #| | B

> AN I I

go| |se| |8 |
e

B 2-4 i b i ) Bt R S R L R R S5 1

v L JD e R i 25 B R B R G DA R J LA R B

1) 55 B R B AR . 15 5 2 P A il 17 3 T80 P B R B iy 301) 22 7 B
L. et TRIE SR OV AR T, v AR R R R A T R G
THER

(2) BrbmEtge: By b S AEUH T 70 B i 2 18] 2 BE, A
[7 00 22 1) Pl s 22 5 ) B8 5 R ) i o XA SR 254 FLEURIT F L /K- (1 R G
NEE, g B S s 5 B oS B HHC R R, RS A E A
FE 2T SR A A A i A 15 100,

(3) M. s REA B 7 ot OR B 15 5 R B f B 1 80y
fE9, IRHALMAE FPGA AT/ SEURALEE . AR EEIA] AYE (5L o 5 Sk
BL, fAIfL T e oM B A A .
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(4 ) B PEPALTL: B YBT3 4 K0l A% Fan A A% A 1) B s i3 AT D8
POELN

C5) Bl niis: BRI SO B s B AT A AT AL B, 545 o
TR S BT B

( 6 ) [FBE TRl SMBIEIAE SR 50 R R B ik 5 5 64T
B, LK B (5 5 5 4ME 5 2 A A (130 R AT RE R /s FLARAIE S0 fé
g P A R,
24 KRB

AREE S RGN ST IR, M T RGERIERE . A HL
AT A BENEAE S R R Ba, TR RGN R, BE T REM
MR ZER o
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% 3 % FPGA BHFE SRR

MRE S 2 TS RGN F 5 AL TSR A4, b T e L Fkad 8 1) 2 A A
SRS, FEAMHE S 53 m AR, 15 R GURE R I E X
BB, BRI ZE RGBS 5 AL AR, x5 b A5 5 AT UE AL
B, LR s S S NIRRT IR IE RS 5« AFTRE VRN A A0 S IAC T8
WAL R G 75 5 AL
3.1 ET SN MIRERREER

EFXHESE LMS (Least Mean Squares) U3 I Sk e 8I08 218 H S SIoRs %
SR, ARSCVTE T RSO 4> B R A R 5% (Fractional Order Sparrow
Search Algorithm, FDSSA) X} LMS JEJ EiE# ATk, W LMS 38R IE R IT
FEACANT LMS JEE S BRI 8, £ Circle TRITYIIHIL RIS 45 4k FDSSA
HIRIIRRREMAALE, O FDSSA BEY FEAIAG TR 2 FE1%E . A it FDSSA
BOEIRARE AL LMS SRR S5, RIS ES 22 R g, $Em LMS
TR IS BE, T ER TR P RE

3.1.1 DEMHRERRE R

RGP RRE R FIVEAE G it 255 i . DA Pix e ] 5, SOk
W B A T R 4y 31 5 RS R 570 (Sparrow Search Algorithm, SSA) #4
A, BT OB AR R A (FDSSA) o %505 A3 A JEAR R I8 i BE LA Ak
—HERREANME, MRS R RENIENEE. )5, EE—UOE R, w4
PR ICRR Sy 441 A N RRAETE B A B (V0 L P, g 36 34 IO {8 v 1 AR 2
BATEE T BRJE, AR SRR ORI MBE I 2 e, Bk R, I
BL AR A R B AR i o

3.1.2 Circle JR 4R 1L 2 FDSSA

Circle VRIEAIUAML SN E —Fh Fl TR EERR 22 I S8 BUE T AR AL K 53 . 1% 057
HH Circle Map ML FEALA SAT IR A 22 P 48 B4, 72 FDSSA 592
SR BEALA B 7 2O R AR REAT HIa6 1, IX PP 7 o T SURE R0 A
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AL, TSI G WIHIEAT L. LTS, TR A BRI . 38 5 AR
FRUESERE A, R DUR IR P 51068 iR e A O A B AT A6 40 . L, & Circle
TR AR M XAE AP T3 1 T CAEE 1 A2 — Pl Lk bR B8 Ji 3 3 5 1
Bt BAKIMI S, 3 Circle TRIMAIAG M6 HEME A R BEALAL W] AT Bh R A A 14
PRSI S B AU M I, JF BARXT T SRR a0 7 ik, R A 58 B BEALIE TR
WIaEA 7575 e B i b 3 B B350 4 B N =) B e AR 00, TR, % Cirele R
HIaa LSRG N ] T FDSSA %A vl A TH S B SR A1k BE

Rl ASCRH Circle RIEATAG LSS TT LLE 2 42 7 FDSSA A NIR AL
JURVERE, A B i 7 % sz s [l (SR g oo HRIA sl (3-1) fow
[51],
(3-1)

X, = mod(xi +0.2- (%) Sin(zﬂ . xi),lJ

T
3.2 Bi# FDSSA-LMS # 7K 25r0ig 1 52

[ 38 PR AR S S A B AR A R E ], b LMS SR i E
Sk —, HETHR/AYT#Z (Minimum Mean Squared Error, MMSE) #
Wo JRIE KB TR, LMS S8 I f /M5 7 1R 22 520 & PR - AR
17, LMS JEIS0E I 5 W SI0H B ARG 2 TB) IR, 75 B2 U B SR 1 BA s
PP K, $&m LMS SRR SRS R 5982 0T Fe i B B3, H AT,
FHENCESS e 7 LMS JEB R, B2 8K LMS JEB AR $ LMS
TR L . RUS IS T ISt Jg , (HIX e vhim s RER e oL R AR, RH
o3 A RO,

SSA SE H T HIUA R Fh 43 A0 A8 YT AE S5 B AR AL & B T IR R
BTN SSA VAT T BulE, BAFTEIRSIAE . INSCRENE . ISR
FEAR DA S 42 S A 2R Bk 71 5 Jey i T I e ) 2 8] A — B35 1]

BEXHX S A, ACSCHEH T X FDSSA Sk Mekat, DU# s g AL
PR RR BRI RE ) AT AN S el L, [ IR g ke LMIS 30 U8 S0V A I B 1 RS SIOKS
A . RIS, FDSSA BIAWIGHI T IREAMEIIVIGEAI B, iy
T WEFREERI ZFEE . thAh, SOl S FDSSA BUEMEAERLE] LMS 8 i 52
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DL iR 2 8 ) A A ST R RTACSIORS P2 2 TR 5%, AT 1 58 17 LMIS 55
RIS RE -

3.2.1 LMS GERE X

LMS JER SRR O BRI R E BRI RE,  PInT BOKEjb
THEEP, £ HIERIER ARG, SEAIERA JERCR E R EE, IR HE M
IR A IS B FEA Y, e FEOCFIERIHURAIEERCR . Hit, kS
I, ROARYE A RS SR AN IS E, R BL L B B & A [ e s 9 il
BEATUER o L BINAL 2 A R 8 B A U 1 3-1 P

Wik)

x(k)

Y
A

dk)

Ep

) o

d

G
j

Bl 3-1 L Bl od B ) I 2
LMS JERFIE AL N:
x(n):[x(n) x(n—l) ...... x(n—L)]T (3-2)
w(n):[wo(n) wl(n) ...... WL(H):IT (3-3)
X, x(m)NNE T, wn) HINBLERE
wZE T AN
(3-4)
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e(n)=d(n)—y(n) (3-5)
=d(n)—x" (n)w(n)
=d(n)—-w' (n)x(n)
XA, dmyvZHEES, v NEEES.

R BRI ARN:
£(n)=E[ & (n)] (3-6)
A (3-5) A3 (3-6) 745977 1525 VA T 0 5 P B 0
v@oz@@nzéégﬂzzdnﬁ%gﬂz—m4@x@q e
TIPS B BRI 1R B 4 O A R
w(n+1)=w(n) - u¥ (n) (3-8)

s PR AR E A SIGE FE I 24
s (3-7) M (3-8) B 3-9) .
w(n+1)=w(n)+2,ue(n)x(n) (3-9)
A1 (3-9) AIKN, LMS B8 I AE A% Lo A FH AR UGS A KRGS i T A
SEPRAURE IR, RE T T THE . (BN R B e i 0 B AR 0 fe BE T P
RIFBESE, RIS p ZIRGFAEEFDIRR AR L, #fE &It BiE M
IEB A ITERESH 1 WA 2R DT,

3.2.2 i FDSSA-LMS #F K 237E FPGA FaYIKIT

i (3-5) A (3-8) PR BF T2 LMS S S ) e B 2 TAE D
IR o MARBE R E[(n)] A T 5o N A7 284805, B (3-5) #3310 (3-
10) &
e(n+1)=d(n+1)~x" (n+1)[ w(n)~2pe(n)x(n)] (3-10)
e(n)ZWERRZ, WX (3-10) A7%0, WCSKIET 2u e T E[eX(n)] 1 &/ ME
HalR 2 #&@ i sh SR 2u 153 E[X(n)[EIZ BB, M s s .
73 ASC U R F 22 FDSSA B AL LMS M S5, 1§43 E[(m) e i% R
B/ME, SEEL LMS S S M iR RSO, AT BT i e
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R T g BN ER AS  IRL T, TS AR o BT RSl e o 3
AL FE A B AL
RAEIL (3-10) , ASCUEE L R HO -
F =min(e(n+1)) (3-11)
LI 120 IV P R R R B R 22 ) B MEL, AT MMISE Gk BiliR /e AL
Bt FDSSA-LMS S BARGAZ W Bl 3-2 s

iRl

PR BEAT Circlell
W) ahik

Y

AFLMS B3 1 22

BREAE D b pa 2
\ 4 -
B
MR ALk 2
Pt R A 1% 3% S

P E AL B

e S5

H1% AR 5E kR
ARG R EAN
LMSUE: A,

13 3 B AR TR I

K 3-2 Motk FDSSA-LMS J§ i ke il
NIHE S FDSSA-LMS JEB R B BUR . A TR MATLAB 2022 %
AT ESES, F A SR B FDSSA-LMS JE#: 5% 5 £ 8511 LMS J8
B% PSO-LMS VB FIAIE BRI PSS RBORPS, 4R 22k AR 4
XPRZEMTTH AT B 3-3 () SHRFESRIEZES, B33 (b 4T
T (SNR=20) {55 BT
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(a) JRUAfE Y (b) - THAESWIE
Kl 3-3 JEIEEHEIRE 5 LTS S IR
B 3-4 =PIk SRR ARG LA . I 3-4 WH1, MSRA LMS BEB
5% PSO-LMS JEB VLD, N 5 A i el FDSSA-LMS Ui H 0 it
P55 HEAT IR , A SCHT R A I B0 FDSSA-LMS € S8 5 RS 5
BERR R IRE S . =R IR FE AR E RO A B 3-5 BR, AR SR A 4a%d 15
ZERWENFIE VN ARE, =M FIE R et iR 2 M 3-1 fox. HEl 3-5 DL
o2 3-1 Al A1, A ST Bt FDSSA-LMS JEU SR I 15 25 DA K 48 % 15 22 Al o

/N,

A\ J\ LJ\A ﬂ l Ml vl

\/ \/ [N L M iy

I 34 = BB IE R Bl 35 = FEU B IR
31 SRR L

Wi

Bk LMS PSO-LMS it FDSSA-LMS

7% PR FE A 68.7141 26.6235 25.5625

GhA Bk B N R e A LE M At FDSSA-LMS ik, At 73T
Hiilt FDSSA-LMS 5% FPGA [H 3& M U7 S8 5% .

i (3-10) & FDSSA-LMS - JEdde %0, | 3.2.1 TR0 Hr ml 4 ik
FIEC IR A E B R ARE . Ik % DR IE RIS EAL ), 7E FDSSA-LMS #{
FURWE A BT, W DO B B R AR AT 1, 43 3 Ik FDSSA-
LMS inst B, RZEEAL ., DK F R, AUE B HT
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WA (3-9) ~ (3-10) . BT Verilog FgwFEiE &5 HEAT @M, K 3-6
HFT FDSSA-LMS B2 FPGA H & N B 7k 83 T2 RTL 45 M7 2 K.

Cofel[11:0]

Yvy

FDSSA_LMS Data_o[11:0] o | Data o[11:0]
...... 7insl ll =

Clki AESE B AR
Data_in[11:0]

Y

Cofe8[11:0]

\

‘V Yy

Clk_i
Data_in[11:0]

Error_i[11:0] S Rt Mul[11:0]

Yy

Data_ref[11:0]

R ZEH AR

Rest i Error_o[11:0]

YV VY

Error o[11:0]

Kl 3-6 FDSSA-LMS Hidi N7 45 1= RTL 45475 51K

K Data_in Fn i N A5 IER 55, Data ref £x HArE S, Clk i FIRht
5T, Rest i #pnENES, KB PAK mul #xX (3-100 FEEKET A,
Error o #/NEZEHEAES, cofel & cofe8 FX/RFEEH, cofel F/RVIIEHUE,
WEN 1. Data_o Fnm &M IEHHIH o

BT I L f# B Matlab 2022 () fopen FlI fprintf 58 £0H 15 21 (1) 5048 58— A3,
Kl 3-3 (a) KIS SEAEAEHE hex U, SRJSTE TestBench Hidid 1% il ()
ROM #4710 . FDSSA-LMS H i Mg & Modelsim 10.4 XA 5 U& 3-7 fr

7N o

Kl 3-7 FDSSA-LMS H &N FIEd a8 FPGA # %
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X G 3-7 (52 FPLBOE N B & B AR f 155, FDSSA-LMS HIi& M jE
Wk R B R S TR, (R iR, EEFF L.

(1) BKETHRE.

(2) GFEMFE CHT FPGA [0 ZUR ] — 02 LA ns S9EARLIK, S ae
R BOL A ER B — DR RED
3.3 RE/NE

AREMIT T M LMS HE RS FE A SR, IR FPGA #HT 11X
L] FDSSA-LMS B N & v Jg i s it . FENBEMEE R T

C 1D SRHIW A A X 22 it | SR SR IR A BEHEAT 20 A, He— 2 AN
ZHOG RS RE SR BEAT 20 B, R ABE SEL I IR 45 2R . 1R 22 s
AR B 2 B BRER PR RE

(2) XA LMS BiE MR T R diudt. ASCHE H ) FDSSA-LMS 85Tt
TERTHIIE L /2 5 IR RS A, AME IR T SCHR[23 ] R R R, 2 1 U8
PASFE, HERES RLS BRI E A1

( 3 )@ SIS IIE i J5 Y FDSSA-LMS B N B 7 A E T FPGA 1%
T RTAT A
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£ 4 F FPGA HERER BT

4.1 FPGA IERERGHEH AR

BT FPGA 14 i e Jik e o] 2 5090 K 22 R G A P i B 4-1 o AR IR
SR, ARG E —ANIMREE D, B 19 FHERSS, DB REU # (AD)
O T E R . O IRBL A T — NN 256MB [ DDR3 5 /7. DDR3 5
Fr I FPGA & 7 IR SR FE35 M 16 A, SRRk 800MHz R &4 f B i . i
T BB U0 2 S T AR AL B AR S R . AN AR RAE A DR I B RN
I SPI M 4 E FM25Q32 [NAFE i AR AN L B S A7 i -

JEAR ’ F-FRAM ‘ ’ SR eEivA ‘ ’ RTC ‘
B
[ AD923gHum R |

L I 5t

PGL22G 1 B e SR B L AD9238XUIIE 1241

FPGA CHIREHEA V) ADA4961 TR R A
JTAG |—{ | LED

O
o ’ H ‘ ’%zwmwsz‘

B 4-1 3T FPGA H i ik A &l 23 8 R R 5t
4.2 FPGA HIERER G EITIRER

FPGA i 2% (M T RE 2 1 & 3 o0 N B 418 4T, RS RE %] SMA
B DR RIE A7 %3] F-FRAM v, ¥ sz UL A2 4 1) UART L4t del F-
FRAM %R, 383t TD301D485H 5 14 et & B _EALHL A 58 s
KB S A DIRE o

HAT, ESWmE% FPGA Hili& /2 E Ak, G4 Altera 1 Xilinx, £
WA EEA T IA0E, JEE ARG E N A AR, AR, B E bR
TR, 3 0 A7 M Sl ) S e PR, o™ 7 DA N 58 ] 7 7E O
TR ) FH R 0 BV o X — i 38Rt 1 [T FPGA 82 i 31 4f SR S A
G R G BeE i, IS T [ 7= S sa A% O A (A8

E6FA Logos H 41 FPGA fEfiG i FE iR T 5E17E ) 40 442K LUTS 45
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¥, FLRR S TR RAG, MERE /K42 . Ah, 'BEER T DSP i+ H AL HE #4F1 DDR3
itz 1P, AL BA FIRT L SRS H . Logos R %1 FPGA 7E Lk i
A A HAB AT B AT Z IS . Logos %41 FPGA %5 HIVELR 0 W& 4-1.

#* 4-1Logos &% FPGA F %

CLM

18Kb
sk APM PLL ADC

CLylE LUT5 FF  F-FRAM DRM
LUT4 (M) ™ &)

‘M ™ (bits) ‘™

@)

PGLI2G 9856 11827 14784 39424 00 20 4 1
PGL22G 17536 21043 26304 70144 48 30 6 1
PGL35G 29280 29280 43920 117120 102 90 6 1

3, B RRE DR DL IS TR R e 4k Logos £:%1] PGL22G Y
51 FPGA. 7 [E 3| FPGA #Z 0BRSS SR R T 2R, ASCRHA ML OICR
46 [ 1) B 42 2251 FPGA %0 R
4.3 AD9238 ¥E R LSRR B]

B KA 1 B AT R SR ok B A [R) A% I8 3 BB A AR 5 e o BT
545, BEJG W FA7 i B i 22 4% 1 98 B AR SO A0 318 46 LAEAT J5 42 00 W Rl A
B, XEHTE S ARk B TSR A s A

HOE R AR V4% T 0 G20 TAL B (R BADUE AT R AR AN i e i =X, o
HAE - e e (ADC) B AT S8 8. 18 B 256 R 6 X 1) Pango Design
Suite (PDS) U7 M 715 5 )5, FRAFIE S AT 2 i AR B R Gk
FIPRSEE, i sealEEsI AL

HAERE RGN LIS A/D #3dt, HARS MBS 57 v Eer
& CLEEHE— DAL B . A/D e I 2 MERES BB HE BN RANIBE, 4
FEILIRE FEA L o ARABILSE TR R, ARG BRI AD e #uE R H
T ADI A ] AD9238 &5 7. AD9238 Hidfs R AR R H (1) J5 JHAE [ 1] 4-2 o .
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A A

65M ADII

SMA

A

A

K 4-2 AD9238 Hdf KA1 i HHE K
AD9238 Hdm K AR 32 B i Fum i AN\ IS RS . Fm s 22 00 M AD #
PSR, A0 Dhie

(1) g A\ LIS ER: Figi A\ AD1 1 AD2 @

SMA SkEi N, Humi A\ E -5V ~+5V. {5518

FHAE-5V ~+5V % N 1S
A6 BRI i 149 49 . HEL L AT BELATE

IME 5 (VIN + - VIN-),

OUT

B N SIS R S a0 B 4-3 B

R IR A

P 126 AD 15 < SMA

¢ B

< 65M AD L& B | B | SMA ADIRIA
;10 AD8138 [ AD8065 [ B !
ﬁt . [sma
XUHIEAD S A &H
i ADozs | e
o L PETIE wil SVA
2] i A | EH | o "

1267 AD 1R ADS138 [® ADS065 [ s AD2%i N\

i IS5 5E J6 A

iZ i AD8065 it F A4y i H
SRR A1V ~+1V. WS 5 5836 B 1 HE R N

mEARWA (4-1) Frox.
=(1.0/5.02)xV,,

AD INA

(2) il 220y i
ZET

S HLE A 4-4 Fis.

GND

ADB0ES

%—-' HFI @D

0.1yF

VA

Bl 4-3 i A\ KOz T S
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SIVA~+1V g\ H R E

(4-1)

it AD8138 ith Jy i g 22
(AL SE B AD [ CML &5 i e . PRt 7=



ZHIRRFEME M

AD INA A-

C65

20pF
° AD INA A+

——i H|I oD

0.1uF

K 4-4 Humdl 72y L
% 4-1 NG S 8] AD8138 Z= 7 Fi v o 1 B JE X R 36 o
F 42 B2 R XTI R

AD Bl AN E ADS065 iz st ADS8138 Z /it

-5V -1v -1v
ov ov ov

+5V +1V +1V

KRG AD9238 it i iEFE g un & 4-5 Fios.

Dava

s HEERE o

VIN_B AD_VIN_B:
c11 oty

REFT_B 11 [c10c24

REFB_B EmE uﬁ:aﬁz o1l

Vine_a 2 .c.: v ‘| -\+ é’“ VIN_A+
VIN-_A AD_VIN_A-
c20 | 01wl

REFT_A 5 Em “E”; Eza
REFE_A —| E E ﬁ:uﬂ? oy

VREF

F)

rabour VREF = 1 V
VREF =
sense 2R 08

DNC1
—L:‘:&/\/% wu_seLeCT EZ%% SENSE=AGND: 1V VREF/2V Input SPAN

533 SHARED_REF DNCa
GY) 1K 19 288 -am
it VAT u e g3z 2EE2 o
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I FEE S G K. B 5-2 HHIESRBTE 7 B B SR AL, 320 B2 F P K IX TRV
25 HAE
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B, il 5-3 Fios.
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ST HE AR R i N BB T A8 1145 5 PR IR /K B AR B 55 5

THEES RS LIRS HLUR S TR, Bantdus, Sodm AN — M R80dE, it
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W B D ARRR B, RO SR EANLR R EBRRERISNE S . B R
BRFR T E B =AFH: AD FAWBE Rt & 0 Rk R,
Forfr AD FALBEE T AD B (1R 48+ B8 % s p 5 s e A0 7 gk 311
B RS U R DURERE PP 58 BOR SR 80 1) ASIC 151 A 1 845 % - FPGA
) AD BB D REHE B4 8] 5-10 B

36



TR IERFMEFAIR

T t li .
Tx < x_data_valid :AD dec[7:0]
—]
AD_in[11:0
Uart_cal Ram_cal Volt_cal [« _in{11:0] ad9238_cal
Rx [7:0]tx_data < AD sig
E— <

A

AD CLK

PLL 65Mhz

50Mhz|

&l 5-10 FPGA [f] AD HLH T REAE ]

N FPGA Htfs KA 7 v FH 31 (10358 23 AL Ju A i 1 D e A 48

(1) AD ¥ (ad9238 cal.v) : 5E% AD H¥E iR,

(2) BIEFH (Volt_cal.v) : K AD BEHCRAEM 12 AL 8GR iy
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