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DESIGN OF THE OPTICAL FIBER TRANSIENT
FRACTURE DETECTOR
BASED ON FPGA AND HIGH-SPEED ADC

ABSTRACT

There are detailed specifications and testing requirements in the national military standards
about optical fiber transient fracture. The optical fiber transient fracture detector designed in this
work has satisfied all requirements of the national standard and also achieved a major
breakthrough in the aspect of fracture time. This design has improved fracture time performance
greatly, bringing traditional microsecond level to nanosecond level. In addition, this design has
achieved ultra-wide optical power range.

A novel analog front end with low noise and fast response is designed, which converts
optical power signals to electric ones. The extraordinary module can ensure the fast dynamic
response and has good ability to extract optical fiber fracture information.

Then, the design takes advantage of high-speed ADC, 200MSPS sampling rate, to ensure that
the system can detect nanosecond level transient fracture. To further decrease the random noise,
we promote an averaging technology for sampling values, which are treated as the key data to
judge whether optical fiber transient is happened. We also developed a new adaptive updating
algorithm to get fracture information quickly. The design uses redundant scheme to obtain
complete fracture information, which is the key factor to upgrade the products in the future. For
example, we may predict optical fiber transient fracture using the information.

The information is extracted and repackaged by the MCU module and then uploaded to
motherboard, completing all transient fracture detection function. By measurement, it is
demonstrated that this design not only satisfies all predefined goals, but also realizes nanosecond
level fracture time judgement function and achieves ultra-wide optical power range (larger than
50dB).

Key words: Optical fiber transient fracture detector, low-noise analog front end, high-speed

ADC, adaptive updating algorithm, FPGA signal processing
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8 7 F£ 510
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2/ SHANGHAI JIAD TONG UNIVERSITY EF FPGA RE5E ADC L BEum IR (L 4038 v+
PIN % HL AR NS i3 A A (R S A5 e R B o] LA SR oK o 54— T, 55 0 WA A2
BORARmIRE R, — BB T AR, XD REBCR IR . BTLL, Rk E
T PIN YGH AR .

TESEPR TR, N T ARSI BIPRACE P aX — H bR, 75 B35 U FE IR /N 1 A4 2%
PIN JEH A, [FIIFiZ PIN Y6 AR BRI BUMO ZF AR LAY . &0 LIRS R RS
1) PIN G MR, mZEER PIN G HE NEL A PIN G ZRE . SHERNE 1
PR, ek ISE FE Y 1100nm~1650nm, 5 T 7% ZEA I 1310nm F1 1550nm (#1645
sy WEHALN 0.1nA, (EEELLN 52dB, FF& (KM R K SR 0.85A/W, A
ThaEE 2 10dBm, T —MotiEE R e rZisk; B REEEEY 0.1ns, 2 BTH Y 1
TERBER AR R IS, % PIN R A AR 28/, v 0.75pF, mILif2
R RO T i, B s e

#z1 BAKXPIN KB ZRESHE

Optical & electrical characteristics

Parameter Symbol Iin. Typ. Max.  Unit Test condition
Detection range A 1100 - 1650  nm -

Dark current 3 - 01 1 nA Vr=9V, 25°C
Quantum efficiency R 0.85 Dag - AW Vr=2V, A=1310 nm
Saturation power P 10 - - dBm  WVp=3V, 25°C

Rise and Fall time T/ - 01 - ns R =500

Reverse Voltage WVr - - 15 W -

Capacitance C - - 075 pF V=5V

Return Loss RL - - -45 dB -

CS0 62 - - dB 45~860MHz HP3531C
CTB 63 - - dB 45~860MHz HP3531C
C/N 52 - - dB 45~860MHz HP3531C

3.2 BEMARBESH. WiT5IE

ot HL AR R Y (045 S e s RS T, R BB B SRR AR F R O L RS S
75 P2 SO A ) S A4 AR A A 5 e A r IS A5 5, e A B2 98 K, RERBIR 4F
M N B ME S K3, R RES N T mnd PING D6 AR (R BHBOR 38 0 A0 EE ORAIE
HA A R e P AT R IR e P o it ) e & LB S R T 8] 12 s

VCC




ST IE0T
£/ SHANGHAI JIAO TONG UNIVERSITY ETF FPGA X SR ADC BYFLTERRMAR X AT
12 ERRMAKRREEE
ST {5 BRSO 38 R S R B S P S A 1] 13 P, A AB Y B R T o N S 1) ZE A
LR R PIN G A ISt s, B T BEAT 4 SR U (R

A(S) O VO

Re
- AAN
AV

Cr

13 FSPARMA S Ay S B 3 FE B
KR AN ZHE SO BRI ASI R Com AR R LA Cope, IS
LA Cor SRBTHIFH Re, 1T HLZ Coee, WL IIRIA R Co

Co =Cpo + Cpp + C,, (~36)

TRA A C e, G5 HISLILN-3dB FIFRHSE £, W AR T

Loy = 2:2}25 (AT

Hr, GBP NIz 2t H A

WERBEA IR Cr, RGUE S HH T 17U 77 28 LA Co 5 R IBHLPH R ) e — 1 7 3
an ik ERER A, 2 S ST A 1S, A RS Ak () FE I8 F1]-40dB/dec,
14 FR o X SR FEAHAS sATAAAE N L, AHFSIA S 180° , XA T IE RG24
SO R EM ARV S B YIS SR 42 OPABAT, ‘& 9k A fr i 25 fa
ORG24 FE AN 3.9GHz, M a8 n] LA 2] 90dB. 1 2 sl RIS 8 (1) M 75 1Y 2
LR B M Zy FFER L 20dB/dec 3 BT, o

Z, = (A 8)

—MAIEOLR, R, 10KQ &=, Oy 10pF &4, W LIRS H 2, = 1. 6MHz

OPA847 A 11 15 MBI FF IR 25 461, H4 5 545 B MR PR 5l 2 508 7 14 25
thbrm T8 15 b —fRIEILS, 185K AR1-20dB/dec XA 90° AHEZ, KA
ACIIE AN 40dB/dec, LI FFEAIE 25 B 2 +250B . H L] DUE BB BHBOR 38 4 T A F

32
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EHTF FPGA X Si& ADC HISc£FiRemmit (L A& T

OPEN-LOOP GAIN AND PHASE

20ieg Aoy [-——— 120 = 0

R ]

i ™\ Open-Loop Gain 100 pa (‘A | :: _a0

| Y 4 1 — N 0g (Ag,) .

3 Z=gammi HZ o <

| 3 1 80 50 =

| \\_\ 27R¢(Cs) !;' Ao, q ~.\ 3
al X T 60 [T 0 £
2 [4] d <y o
€ a N 5

| R B s
8 S 40 i} 120 8

: X :

. -y h 2 5 \A 150 &

1 ' o LW - O

| i /,

| N\ 9 - -180

0dB 1‘ P Lot

I T T\ 20 210

A 2, Gain Bandwidth 102 103 104 105 106 107 108 109

= Peoduct (GBF) Frequency (Hz)

B 14 BIRMAETREEE 15 0PABA7 TFaRE M T E

FFLL, BT C 5, 8P PR B8 48 25 B 2R ] 16 o ook, 7,y
MR A LR I A, £ TN T T P A AR TR A 5 AL A TR
F, I L, ROFFHH Fo BOE MBI, 8 I 94 (45-20dB/dec. JF H
TERIRIB R by AN AEATHRI , RGEUD SR R R IR ARAL Lk, B4 R AR MK
KB, SEBRIESE OPABAT FIMIE FE4T 15, IUAMEHIZA 1pF, I

1
2R.C,
i RAR T PR R b, i 17 R, TTDVEE], VRN AR TR
32509 0B, [EIRFAHAS 9 90° , & FasE i & fk

= 15. 9MHz (AKX D

1

OPEN-LOOP GAIN AND PHASE
20lo0g (Agy) " 120 T ]

A IS
[ Op Amp
PN \  Open-Loop Gain 100 VLU -30
RN q = . 20l0g (Aq) _

X Z=:=———H 3 80 60

} \\\ 17 27R¢(Cs + Cy) -:’ hAg \\ N.\ 2

! 1 3 80 e 90 £

g e P = 2, 2 N 8y

5} R zmng(ma*) ’ § 40 N 120 §

-~ ™

Bl e N F,=yZ,* GBP E \Eé o &
! b \ GBP S i N S
| Fe= Cs 1 o

\ (1 + 7) ] 7
} / N\, G ’ﬁ'
= | l l\ N -20 1 -210

1 102 10% 104 105 108 107 108 109

= R - Frequency (Hz)

E 16 RMET B AR FE [E] 17 OPA847 RINAT BB A FHIEYFE
OPABAT AT 12VIV s 8 2tk , T PR 88 2 e P 5 20 40 2 o K S e P Lt
B 18 TR, A B 25 R R 18 SR S AR T 20 R 25 B K B B T, A
SHK, B /NI P 85 5505 B A0k 20, OPABAT 1EH428 A+20 I N FiL LR 75 g
2.504 / NHz , INHIEM 0. 85p4 /  Hz | iK BRI T BSOS A0 M55 245
AN, BB AR AT A P00 SRS IO H

A

Unity Gain Stable Op Amp

—=—=—- Decompensated Op Amp

\

[ 18 FEBIBIHIDE M AR S BAE TR E AR LR
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bR T R AT A E A 2 A, FERTE AT, RTLARI A Pspice 7Y, @i EDA T.A
BT, W BRI ANE R B AIAMEE RS OB, DA R B R . BRI TI-TINA
BAFBAT TR, A A6 F AR SR A LA R BEAT T L. DG Th A —fAE O Jy-20dBm
B, &R PIN & BN N EE Dy 0.8A/W, 5T IS 21 Hi ) FRL A

I,y = 0.0lml x 0.854/W = 8. 5uA (~= 10

DA FRL LB MO AL LT B.5UA, I ) Ko 8y 10, LG 76 47 95 2 4 I B LI
SN L

(7 4R P 10 R P54 RSy 10Kk, BSHEZ CL 2R SHE 1, 4%
H1FE 20 FIPE 20 iR, s Bsbesizs CL Jy 800F, B AT AARIE B 4 MRk 7, RS T L)
W 5 L PR L R 35 0 T e

C1 80of

R1 10k

IG1 l a T.
%l I S =V25
- - i VF1
. ipﬁ U1 OPA847
& f V15
€L
19 TI-TINA {FEH &
10.00u - 8847
161 g g
g 75.36-
0.00—
129.07m — 62.55.
"
~—(/ %--11».017
-72.10 . | . ‘ . ‘ o
0.00 25.00n 50.00n 75.00n 100.00n 1 1‘“ I‘w I‘k l‘ok l‘ook I‘H 1\0" 1\” "
B E(s) B(HE)
20 EXHELS 21 RMAIEER

3.3 ZRMABRFIE R AT RS

R FU T St 1) 2 JBOAS PR S AT A8 25 1 4 1% o A FH R A 17 42 O H I 1 5 B 25, s
JE S D Th 236 Bl 2R

X FIBHBORAS, ARYE NI EE I mT DLor N KRR AR, F R R AIBHE TR (VFA) R R L
TRIZTH(CFA), b = #F A5 % HFal, CFA ARG S AH MM, 45 Ay E i se; VFA
(A ARG, (R, EA RS ZERE NG .
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CFA B ARSEMIBAL AN 22 Fos. CRA & — RIS HI G 23 OGS, S A\ S A7 AE S
Derfds, IXME1G CRA [FIARS A I 1) S A\ B BTN 22 i a5 RS A BEAT, 10 CRA SO an A\ dim R
AP E s BT, e FH AT RS, L CRA I ABHPTAIULEL, CFA fA
ff B RS A2 KR, AR R A RS AE Re LI SURRE, XA KR
FETIR R AR PR BIAMES, TG TR % . Mk CFA ANEM T RERS G, Ak
THAREAE CRA 1E N 80K 3% .

FHMA O—
+

RAEMA O—

22 CFA JRABZEHIERL"

VFA [EAR S5/ a1 23 Ais . VA MUK R 2250 450, S NBEPTILES, JF H i
W T2 E TR ZERCN, WIS BORKE . VRA BN MOBAE G 25 77 s U, i
Kiw G %A CFA o (HRARBETHH % FH 12 A3 55 7 e AR 358 GHz BA L, B BOR 540
HNHI0VIV, HREREAR T (35 2 iy o BEoK

Vee Vee
Rc Rc
Vo Vor
V] VZ
% l
=VEE

23 VFA IR LEHps Y1

2 e R G LT R WA IS (VRS B LR, e T RS P B s O 28 45 44, BT DA S
TERRUORAR N VFA g5K, BRIk AD8099.

AD8099 A HL R R iz BN Ay 43 25 e A+10V/IV B, -3dB 475y 550MHz; i
A%E%%ﬁQ9MV/$@,ﬁA%ﬁ@ﬁﬁzmM/fkmhﬁ%%ﬁ%%mmﬁ%
AHIE, UL T AD8099 ML 1 RERE 5 N A B THE AL IR SN A MBI GE 77, RN BES LRIUESRL
IR . AD8099 M N LA 2pF, BRI HL 25 R % PR AR5 BRSO #% 1 4 HH Ak,
BAARR T ity FBOK B8 I AR e

IS B A EFRIE AR, B AD8B099 [ 25 y+10V/IV, i HH ) FEL S Ige e { i 7gY
EN 0.2Vppe MRS HUBCRF IR 24 PR, 385 9+10VIV I, Rt dh 2R iod b, 75
BUAT A AME, 2 Re08 T U7 R FF BRI, BRI S 75 o NI eMEE 2R 1 5 50
BLF OPABAT KT, X HANFEIAR.
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4
Vout=0.2V p-p G=*2_ |||||

3|vg=#5v b4 G=+45

E‘ 2 RLOAD=1KQ //

S 1 //f"ﬂ.)(

3 o H“ﬂﬁ;£>

% -1 ms N /’ : \

o _ A

3 z G=+20/’/\ \

o BRI R G =+10

o -4 ) \ p

g -5 G =-1f \\ i {

N -6 3

T \[ &l

=

o

o

=

1 10 100 1000
FREQUENCY (MHz)

24 ADB099 /ME S5 Z M N7 Bh 2%

B 7 EAT [ % 3 25 1 OOK, PRIUEES BHBOR AR AR E P2 Ah, I8 T5 EEHEAT v AR 38 25
RAFMIBETE, XFEA REORIE 2 MM Dh VG I R . T M o 2Ry F R AR )y 22 /b Oy
50dB, it LA R AR 35 K 8% 45 /0 75 L 2 40dB 36 23 AR B R

RIS AR ORI N SRR AG IR 2, A — 2081 iR A gt A7 3 s ps ), 7Y
A TI AR VCA82X R4, WK 25 Fin. %S Re e SLIUR TG 1 2528 3
I HAeESIIL log £RMEE 2R P, T FRELL dBm N BAL R Th & A5 5ok Ui B AR U i1
P 5o A2, iZZR] AR S5 HOR S8 I8 5 Bl i R ds ], SR A S, I BT Rer bR
WA ISR UL, 5 ELATER NG TR IME, IO ES M DG B 2 b o

25 VCA821 AIERLEMIHER""

Ty AN AT A B TR A A 8 s 3 A A () D 5 ek PO % ke S EIAN [ A B ) R 08 A [l s
25RO LR, BT DASEELR 25 k), A TI AR LMHE518"8. AD A
AD8367ME F, fE] 26 . ML AT ASTHOCES A RF JROKHS, fELUCEE B
0 DL UEARR AT [ 75 A AR P o X T AR R AR A AN = A I B L, R
TR A ME U AT IR AL B, BT DL RSO #3 AS REAR 4 (103 FH T 6 24 Mt
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S

+in Ladder Attenuator
Pre-amp 10 Steps, 2 dB/ Step
10 dB or 30 dB 0to-20 dB

-In

26 LMH6518 1 sia EiE ™
TIAN R AT AR 28 JROK #2160 A I e 1 L B Mo R AT B R 4 ), AR Bt R A T
AT THS7001 FBOKAS Wil 27 From o BESRIIOR A AT 248 2 45 44 I SR I TR0 S 151 45 4
AR TR, 3 I ] S e A A\ i P LR S U5 R BEL AN TR 2L 45, R SEBRAN RT3 2 XM I8 2
Pl 07 sUAE S Tl st ih B T I8 SO AN 2 T SR SEBIL, IX R i #R R ARMS
SO, BT AV R A R O, Bl AR PR A P S R A RSB

P
;

+Out

-Out

PREAMP

OUT PGAIN-  Gp Gy Gp
r_____J;%_L_T
| })’
PREAMP Vcc+
A 7] ! 17 CLAMP= (Vi)

PREAMP IN- - \
Preamp I PGA OUT
PREAMP IN+ + K /(
PREAMP V- T— CLAMP- (V)

SHDN PGA REF PGA PGA GND
Vee+ Vee-

27 THS7001 M ER&LEHIE"™

FH T2 AD8099 151 N, BRES 1 5 FHAUR A8 Al m AR 1A 25 O A%, BT LA R AR 3 25 UK 3%
[N FL R PEAS 238 B H B AN R BN TE R B R IE R I 75 | 48 25 3 A5V
A& T GE IR . THS7001 LRV N Fe RS R 1. Tn b/ / Jiz, LR PR N HE I
#0.9p4 / NHz , Bz WSOk, THST001 [%\ f 75 2 TR0, s A\ i
T AR T AT

THS7001 K7 %8 ~/IME5-3dB % 8 7T0MHz, K{55-3dB 77 % N 20MHz. % & 5|5
B G AR P PR G £ 5 7 22 B0 100 A us SR BRI IS TR], 70MHZ F 7 96 tH BEAE IR I IO 77 5 152
PR EL, FLRSCPRR A A, SR HE— 0 BRIy 55 16 77 2R PR i) R 7 o) T ' £ Wk W e i SRS
faf-A

T HEANBE 5 AbHBE %, v DR TH SR 7 SR AT 38 25 7 A AR s 1150, AT £
B AU AELAOL R T A . (HR XA BN E 2, R H AR ZHIEAFET Pspice
R, eV E RS . AR EDA Jii%k, 83 Multisim 844347 Bt . 1 B
B E G0 28 B, {7 BT A S PIN JGHE M. OPA847. AD8099 Fl THS7001
() [ o 48 25 A . PING ol B AR SR AT A 1 25 R S B R RS2 B, 8 7 it LR
10nA~10uA, 1B PIN it — BB AW % 4 0.85A/V, IS4 N B T 2 KAy -50dBm~
-20dBm. OPA847 1jj EA A R H ATIATS B S5, AD8099 K H+10V/V [1#EE Fa FHEUE
FEH N 7 4 i sy 56w R I AR E M, SR T SRR A W R AT AR s AME BT T
T 34 0 FE B A e M o THST7001 KR FH [l 5 38 2 B 7R 3047 70 A, A 152 5 3 25 10 15 9 +2VIV,
TR H 1S SR EE +2V 224, iR S A
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SHANGHAI JIAO TONG UNIVERSITY g;-'; FPGA &%]‘EE ADC H"]ﬁ%ﬁ?ﬂ%%ﬁ}ﬂlﬁiﬁﬂ‘(ﬁ’\]iﬁi—}-
= 5.0V 0.5pF
10kQ o _"_‘ SV 5.0V
A — s ADB8099ACP  of of «

6 4,

2 7
l OPA847ID %500 . P
pF L

@ 1 -5.0V I
g T T
%% -5.0v

= 10kQ AN
10nA 10uA 11 4930
L1

100ns 1us I
0.8pF

THS7001 %509

28 1EHARTIRER B /R IR

Ui B BRI b 25 SR an 1 29 iR, SR IR v S IR 10nA, HmifE 10uA, BTt
NEEEFEN Ans, JKSE 9 100ns FR K ERATTE . ZARDLYE 7 I L %) B 25 -50dB~-30dBm
HehE, FERSIE]_EXT R 100ns HIYGEFBRRHE L, IR &1 8%, BEMSAR LT Ml H sh 25
o MRS SR EE, R i iR e R B R B, JF Al m ML, [
TR G B Js2 B ' 28 W W 1) R AR A A L . S e T 4 ANl 30 B, 4 AR LA
1Hz~300MHz, KEIHARyEIA 3dB 47 %5 2, KEBCHN 21MHz,  SEEF ARG (e 9-71° , 398
AT RERAS . T RSN T RE, FFH BT THS7001 K+ 5a bR, 4% 2Vpp
i, SEBRINRHE 58N 21IMHz,  FFA T

[} AC Sweep
s o -
20 E ™
ARG 5 w (20.8399M, 143.2240K)
15 3
= 100
— 1 100 10k ™ 100m 1G
2 10 Frequency (Hz)
V()
& B2 E ka2
S 05 S
2 S ~
25 BE TSR 38 4 s @ 1% (20.0099M, -71.0784)
00 & 250
=
o 450
05 1 100 10k m 100M 1G
00u 02 041 06y 08y 1op Frequency (Hz)
Time (s) e
- N =L L “‘_T" d: - N =L L : d:
29 1SRRI S ELE R 30 RMANHRZRIFELER

X TG R ORI AR T, S e 10 184 2 42 1 RH S EWAS A& 20T, 3% 7 T PRI AN YA v DA

FH B e 7 i e b 1 07 A Y D 2R RN 25— — X7 e s 2 | 7R 15 T A 7R B S R 1 A
. 23 EDA THEIMEE 8T, DU HERE S1ENSE, BJa AR H I HL R S A
RS R ME S G158 2 B, R0 s i 758 9.62uA, R 2 H e L TR g 75
N 45.15mV. ADS4129 IR A 1.8V, F/NBRWTIEEARER 5%, JUIH KR 258 g
HL RN

1.8V * 5% = 90mV (A 1D
AR U, AL ET R T R Wt R R, B 45mV R .

2 BES MR (EIEE)

Noise Analysis

Variable | Integrated noise (V or A)
1 |incise_total 9.61854u
2 |onoise_total 45, 15400 m
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3.4 ESFKEBESH

FEAY TR FL B A2 DA 2% P AL TS B %, F B T IAT 2 05 SO, Humii N

SEAL N ZES NG S, ARURHE R EE ADC N ZES RN ADC,  FT LA R B
% T IBOK FLBOR SRS 5 e N ZE 05 5 o BT AR TR ER A Y T R B B IR, FrCATR
BREW AT BRI 22 0 I HORAS, e M#8F 8 AD 2 #] (1) AD8131.

ADS8131 )5 F HL it P 31 FT s . AD8131 MARER K 43R5, B iZ S i i) T J&@ T ik
ADC PNV LS, R ZAE RN T AT g NS 5 3T B 4% 2 0 4k, R EAE
% BT, AT &R i ADC 1% N\ HL 75 5, AD8131 [1J-3dB 5 8 A 320MHz, & T-Hif
Ui BR AT 58, BERE A R AT B B RO . FEAR A N FB R VS N -TV~+5V, T DU SZ T
FrH . i B R AE R N-3.6V~+3.6V, 5 /& ADS4129 HTE+1.8V HIHI N EK

150001

L 75002

- £ WA + >
49.90 2R =200

é i 7500 AD8131 | 2R dm
VY - p—

24.90

150002

& 31 AD8131 [z FHg %™
ADB8131 75 % ™ H UL e 4 N\ [7) A o A1 s A i ) LB, DARE S PHAL AR I o R R B FH 2%
i, AN 2 TSNP — B0 AR B, IX im0 6 2T B W As DU
um%%z@ﬁ%@ﬁmam BH T 22 43 TROK 2% B4 [ AH i\ i A1 SAE S N IR 5 A AN TR], G 2R
ASINANET L BH AT ULAD, A5 AN S A =8 FEMASNT BT BT Sad 2%
i, B A% E [F A AN B 0 b 49.9Q FRBH, 1T RO A 3 1 24.9Q HIRH, LB UTEC YA
AR, FHINE, A ZE o U I ZE IR ERE OV

3.5 EAEIEE ML

SEA BT (117 BUR AD8131 IR PE AT, AN BT AL UL AT i B A4 AR AR B e A, [
I M5 A2 T RE IS AL G LT BRI IS . B AR BB P 32 P X R I 77 Tk
R re g B o B AT IR TEREAT PCB A R A LR BRAERT, 75 BRI s 1 R R B 4 . 76
PIN Y H B A (1 B 75 24T 52 B R b~ THD,  [RIE PIN AR S\ 21 OPABAT LR R &k,
REFFRZFESEEIRM . 8 B R LR S RN R R, BRI, B
IRFF Ak, ADB8131 it ] ADS4129 HEL R EHEK AN, FFHORIEIX S 22 40 21 71
WE—H, BRA—BUE R . 5540, B Moo 7 B AT i s I i 25 2 i
1B, BEMCHIEFIPIPHST, PRARMRA . WA AT RE, fld R 48 B mi SErs B0l m i e 2
Ky B AN T
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Ul

OPAB47
U2
[ Ne L8 ADS099
RI 3 . 7 1 ; 8 i
AGND-Il e IN+  VS+ |——+5VA ——— DISn VS ————]+5VA
3 2 . 6
fout IN- out 4 N vour BL Voutl
2 4 s R2 ! —
Vb -SVAp—— VS- NC 25
1 R3 3 s
GND w -IN Vs -5VA
— RS L 54 -
- -l —
PIN AGND 10k AGND (2 499 2 ) oo ce 6 Cl
. IpF 0.5pF
11C3
ITo.8pF
L L
a. IRIIBIIHRZIZITEEEE Part
Re. BCEa
499
+5VA +5VA
] I o o «l  THS7001
glezaz T
slouo B
e a =
%
cLamp | o L 16 Vout2
£ UL .
= ZZZ -
EJ o2z o
-5VA SVA
S\ S B
b. 1EHARTIR R LI ITEEEEE Part2
ADB 1A P A OK RO
35, NP =
. 10 WA
+DIN  VOCM [~ w— | rig
RI3 50 305
-DIN +OUT L s
AGND| 3.3pF
NC -OUT =: R1s
RIG  5( 225
4 6 R, IN N
v V- — 1 35
-5VA
U3
b N Ry — | ML
c. 1EHIATIRERZIRLITERKEE Part3

32 1R AR R 42 TR BR

i I AR YGUR AT MK, 75 320 M AR ah s ad i N 1kHz A a4 T ik,
AT AS B AT s A R g5 R . 1B 33 A MM BB R AR OIS BHBOK 2% OPA84T i H A il ak
g5 THS7001 [F & 18 25 4 H ik 4 AT AD8131 1F gy Hi Ak 4 5 . 1 33 A5 1 I M\
FRMRICEE RO AS OPABAT it i FIIAZE 5. THS7001 [H] 7 3 o i Hh 1y a5 S AN
AD8131 Z= 43 iy th [ 45 5« it W2, w] LAAS 21, LR AT v i HH EC I K 350h 50mV,
i BAAGS R b eir. [F BT o 1 _E I B /N T dus, A RTERR. 25
UE, BUURTH BT A ER, REMS AR I I SEIL T ThfE
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SHANGHAI JIAO TONG UNIVERSITY ETF FPGA KSR ADC WS LR NR Y A&t

H 5000us 7l 9 D T £ @13y
- RIGOL W 1.000ms) s s D (oooosooanps ) T (£ @ 1aamy
) [ [ oz SiOmi fep | = S W e 3
o BE =3l Omr TSI B ieernl b ik | [ uis Voo T f Ty
i e Par hresz Period {1.0ns Freq 6 ST Rize = wamkr bl [ s Dvee =050 %
Fa1 Witk (100 O Midth > 50.00ns fDwly CGRETE -laty Y303 % e B Aren Per ke Tar Frag = L0l0M:
& Ful i “tidh aty AR5 E -Baty
4 cHl
S (AR
T
AR
1B @
AEEE i
B
Treq Carveee e Car 5V Cor 5130
fraizetes T e sty
i Ty
| oLy
R - ooy ) 2 - ooy 1411 K - omv ) @ - joomv 1410
RIGOL H_s00.0ns e 9 D T F@ 30y
- . RIGOL W sanous ) 4 s D (oouosooaaps ) 1 (5 @ -s00mv
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EHTF FPGA X Si& ADC HISc£FiRemmit (L A& T

BNE 5i& ADC 5t

i3 ADC A AT BAIME 5 AU 5 S BN, /5 20 2 IR A I 2R, A
PRI N S (0 BT 23R SRR Bl A Bt 23R A L IR AT 22 L IS ) 0T TR AN
HLIR BT 2K

XFARBREAI ADSA4129, EROyZ=p RN, JB/MEE SRS [, b
S RAS R N BRI RV B AR 22, BT DL Z2 70 RS N vy T i ADC 2 MESm AT L,
PRAE T RAE DX T RIZRIE R o b Al S S 0L R B B A 98 BR A1) AR veide ADC (A A\ S A~
i B R BT HIE PR BB IR T, AR B AT IHGTUL ORI . ADS4129 FRE LA A
HUER AR U P 34 JoR,  HONZE PR HUACRFEORRF IS . BT R A\ i HL % 4 P 35 s,
PTG, & E A EE N RS AR, (E N AR R oR AR IR LA AT
Rl DC [elftigde, PRI A BT R R N i i) 22 05 5 0 2 (8l 5 3 7 — N el g de, B
R11-C4-R15 B{i%. X TZMET, N T REW HORTERL AU BRIT OC AR RUBR IS BRI TR
WA, Wit T Ch BRI/, THBREIUT RIS 5N, FIFH RO AT RL7 5204 1 VM R
N A AL R LA T REE KRB LR

Sampling
Switch
L
RCR Filter
wp ot Y e . }
Cronp J_ | 1 i Ceare Roy Cs
1pF 1009 ' I 1pF 1582 AM
Resn 3pF E —
- ol
1L Cer Ron
= 3pF — i D.Sp}l 150 j }_
Leka
2nH 11009 % i Ron C::'F‘
w7 + T B—H
CB;);IFJ :L Connz Sampling
1pF Capacitor
RESH% I T
200Q Sampling
L Switch
- 1Y -
34 ADS4129 fEFUMIN FE EE AR R
Rg -
From ADS131 0ulP> 35."‘. IN P
< RI1
Cc4 325
—_C5
AGND |||—| |—< 3 3pF
0.IuF ¢ RI15
:, 25 -
From AD8131 OutN > IN N
R17

35

35 HRAUIA N\ i B 2R
ADS4129 {17 200MHz [ 2 53 KEER o N T RERE BRI #hElL 8, FRIE ADC KAL)
B, ARBHEH T FPGA PIEREAHIA I Bhiit . FPGA B AH IR I8 LK 50MHz i}
BT REARERAE, LB 200MHz B B, SR 18I 22 4 28315 N ADS4129 1R Shdi N i,  IK3))
ADS4129 RFEFMIEIE. BT REFER, N T AR e L, SR T 75 Bhiks)
55, XHINREPE 0 T4 S s REER S, Semm USRI TAE . BTLL, WTH I 75 B )
P B A A, IF HAE ADS4129 Ffi N\ i AT & 3d i,  DAgHATFHPTICAS, FRKH
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Th 5w 55 -

ADS4129 [ 3EA%E i e v] LA FH 2840 F S PR A JRA%E f F i g A7 T B, Wi H 1 A
IR\ BI] AD8131 I FLAS F i A A iy, 5t P DAAR ] 5 0 56 iR ASE i R (), X R AR T
A SR BB R 22 Ak o plr T R E M B X T R G 75 A S, T DA 7 34T RC IRIE VDY,
H S R AT AR R KA, ARIE e A5 RS . ADSA129 3% Wik N N BFEE R, AMERTAT LA
WA TR, RFEZELRIIE ADS4129 [k X 251 75 wh v] A CRAIE 225 HLU IR 75
ADS4129 1 L Y5 75 Z A PR A R, o u+1.8V, (HR BT S ik, A
H5 - PRI F YR X AR R B 1 R

FAMEFME L SNR KAy & =k ADC [0 75 , HAR R[S 5 D3R S5 S D% i LU E,
For 7S ) A T R 2 ELUR DR AN L UOE B DL D e . e AL AT I AR 2, S DR A
H 11 RMS {E 0 5.15mV, HEIHIERIAR, {553 KL% 2Vpp, WITHE AT DUAAS 21 R 4
i) SNR Jy

9
JG. 15m) + (5. 15m)
RIEZLI A, 0T ARG BRI A 20U £

n=(SVR —1.76) /6.02 = 7.81bits (A3 13)

KR 12bits 1Y) ADC HEAT KRS, W 28 B TR . ESLbrR fEd, T LUE S
KRB TE R Ra L Th R AE I DL\ HEHRI R 7~ 1) 3 781 OXABC Hie i —1L C & HBLEkS),
BEEhVEE N4 A, WRER TSR S2hrg S 808 —En S5, HE M T 5T
MZ TR G, [EMELLR T T R 9dB, NISEFRAG R B2 327+ 3 9.3bits, &= 1)1
o

SNR = 20 log( ) = 48.78dB (A 12)

&
A
b=l
H
a
b=l
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EHLE FPCGA ESAE#EE T SHS5RIE

FPGA E N BB F IS S AL BE AR, RENSIE B 25 M A5 5 AL BRI 5t . JCHGR X T 7
BOEMIIE S AL HERE, FPGA T H AR s Aol N, REfsZE s id & 1 B 7 a2 id
o X T OGEF R WA, e P A% O AL B PR 0 LA AR AR s I HLOA T IR i e
ADC, — il AL B LUE Y o FTEL, FPGA J2& )l 2F ik WA A 1) i Ay B A8 PR A o0 Ak
Bcft.

ABLH T FPGA BEHUON A P A% o, a2 ik ADC HRFHE RN, I8 A
7 221 ) S S 18 2 SR AR ALK ) BT 4 DRI 2 5 A A= DA e W P ] < P82 R 5 B P ik 32 A K A2 Ak
{8, FFRERER R EIIE A N D B SRS BAL T4 MCU 251570, 56 Bk I A A
3L SN TR R R RS S5 A EPSY IR @

FPGA {5 ‘5 AL BRI ) AL B AR I 211 36 T

WE M ~ HEFIRLE
EIEIR TR R

i i

. s BT Bl S
Wwostsk > s = ag;m ) iggﬁ ) %ﬁ‘:ﬂj

[E] 36 FPGA {5 SALIBIEIRALIRFZ

5.1 LVDS #HBHRR i 5%t

LVDS (Low Voltage Differential Signals) , BUMEEZEE S, FEH T1EEmEEE
5, ARV B TR R E ADC il FPGA 2 [RARHRAEAE - LVDS DK 2% K FH F it =0 H
N 37 fias, S E NN E E G 3.5mA, H TR A N PRk, P LIRS 28
1F Iy tH KT 3.5mA FRAA K 72> 420 i 1) 100Q HLFH., 7E IS8 1F £ A\ i 7 A= 350mV
M. BN, e AIRSh s IEmii e, S By uh e s b, 513 3K 5h 2% 710
UL PR BRI AR 4 N it 7= A2 +350mV i N FEL s 2 FL R AN IR B2 o o, i Bl ai i e
BE, [EIFIBRE S o, LI e i N i 72 A -350mV B HL IR

TR ZE ARG, LVDS 248 R s £ 2RI T4 202 8, Wk 38
Fio, RIS B FARMK I B BRI A(E 5 B R FGE 2, LVDS W AME SN, s T84k
EMI. LVDS KA HBmAE R, FA% T o PR 7= A () f R g e . 25458 L R BRI T AT
WEFE . XL IALRIUE T LVDS ARSI i AT LUIA $ 3.125Gbps, [FIB A4t 77
JR I P

1000 E45 T-{E5LE

& 37 LVDS {&iEE
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38 LVDS HERAIAIHIE R

At LVDS T % ADC Ml FPGA Z 3L 4. &k ADC I RFHE &t
DDR Serializer #H7 AT WAL EE, Wil 39 fion. &4 i EdEMS =Xy DDR 20, 4T
TR AR, B R B BN, IR ADC IR IRHERFERH R, fRE T B
PLIIREEIN %, Wt T FPGA BURMIA LR, & 40 FrRP,

e XL

DDR VDS
Interface

H
——O CLKOUTP
1

: O CLKOUTM

g
/‘\

H
O DO_D1_P

.
0 DO_D1_M
1

:
o D2 D3 P L]

H
-0 D2_D3_M

DDR
Serializer

—O D& _D7_P D6 D7 R

O D6_D7_M

O D8_D9_P

—O DB D9 M DB D9 M

o D10 D11_P

=i
i
o>t e
>
>
>

D10 D11 P
—O D10_D11_Mm - -y
D11 bio D11 M [ D10 D11 D10 D11
| |
—O OVA_SDOUT o2 D13 Pn
piz oz m [ D12 D13
T T

—— Sample N ——s={-=— 5&11p|eN+1—-

39 ADS4129 DDR LVDS #[O 40 ADS4129 LVDS O #HIEHER

AR HE ) FPGA 5y Altera A &) ) EPACESSF271, X~ A G248t T LVDS
MR 1P A%, W ULEEBIMLEH . FEERENZ, 1P ISR T ThEE T BE 2 i sl 2
N B AR, ot ADC 347 ¥ Bt i1 12 A8 3517 DDR 5474k, 20 258U FiE 4k
Ky BRI P AZ AT RE S KA 31T R 6 LA 6 AL G, R a1, 15
FRFEMEE . BTl X FSPr) LVDS M AT DhRe s, AT IIREM 3, AR e L
HATIhRE ST NP, (i B 41 ok, it HCATAT LIS, LVDS RBLERGER — A
ST A R AT ORAEE, JF B R IR A S AR B U 47, 5 ADC SR AT R —
o FrUART DLEEAA LVDS £ 1P T BRI, A R BT R A A T
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|
|
T_I_\__\_l_‘__\_\_l___l_l__\_
{ S N A A A A |
4 [5] 1
4 [ 1
+ [ 1
4 1 1
4 [ 1
4 im
[ 1
[ 1
[ 1
[ 1
[ 1
[ 1
[
y
[
1
a B |
Jads4129_th/adc_data_out[1] ' ]

41 FPGA LVDS-SERDES INgE{HE

SR BT FT AT AR 1BIS BT GBS S 01 5, Rlje LVDS KT H . IBIS FEY
e IR RGeSO A, A0 T MT O BRSSO . F R 10 G2 R
HOlR, SXESRHR A T B 10 B I — SRR h 28 DL S SR 2507, sl 42 R,
BRI IBIS AL, — ) IBIS BB 7 240 5 R A - 28 R_pkg. C_pkg 1 L_pkg, fE
A C_comp: PMOS SRS 1 HLIR /L HI 2k, NMOS SR ) s i/ el 2, F U
AL AR R R R R, MO AR R R R R 2 — R EE LT, AT A %R
ZFEZH PMOS A1 NMOS 1) VIt #fiZk. AR 10 KRG AR IBIS A8,  ELBCH WL
£045 Input. Output. 1/O. 3-state F2KAY, XELHIAIE | (s 5 M % /05 A

Fullup Power _Clamp
Pulldewn GND_Clamp
Ramp rate

ANO2E2E-

42 IBIS #=E! | /0 &

IBIS # AR 1 215 2 (2847 N 10 4tk il 28Rk SE B0 BB, B4 1 SPICE 45
RS RE,  [RINH RE S AR G (U BB B8 A I NS B T4, S gRA A AR 1k

AR ADS #4E{5 H ADS4129 fiit LVDS % FPGA #:iomifs 5 il e, HAH
BIGn P 43 s . BRENEEKEA T T1 A W24 ADS4129 1) I1BIS AR b ) LVDS = 2 5
A, IR T Altera A a3 HEH Cyclone IV 2751 FPGA 1] IBIS #57 ob flyy NSRS, 78
B 6L 5 T IBIS B ZFAE S 4L, ARHZ KA T 50Q BRARAE LA A, A vty vty 2 F PHL
N 100Q oI FLEE R A1 44 B, IR 25 S 45 Fios . IR 45 Rt C & 6R7E T MASK,
X MASK T LA 21, a7 5 1R AR g i 42 gl AT AOR AR G O DL O A8UR, A iiom s 5 7~ &
MASK, TRAIE T &% 1) IR o
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@ TRANSIENT

Tran

Tran1 T
StopTime=1000.0 nsec V_DC

=i

V_DC MaxTimeStep=1.0 nsec  SRC2
SRC1 Vde=3.3 V
Vdc=1.8V
TL4
Z=50.0 Ohm 3
Source 0 NI
VILFSR_DT + T
SRC3 n
Viow=0 V -
Vhigh=1.8 V L B;g
Rate=200 MHz ~ — _ -
1 - Z=50.00hm o IBIS_DI
- IBIS_D3S R2 CyclonelV
ads4129 R=100 Ohm UsePkg=yes
UsePkg=yes

43 LVDS {HERE!

Inn, V
Inp, V

Eye Diagram

mﬁl LLIR R

B B L s e e
0o 01 02 03 04 05 06 07 08 09 10

time, usec time
& 44 FEERE 45 {EARE

A&t LVDS # K BN EIEE S X ADC 4N {5 5 %7 ADC SRAE
G XMES, RFEEURE S ARG S 2 m, TFEHTERKAHE, XHA R
{RAE REES B AL T B AR HRAEN 2. [FIRF, LVDS NZEMES, FRERSEA I 415 54
JEREIT, T ERURME T X UR I, IR PR RERS R KPR H (R 5 . FEIK EMI. TE LR
TR, T B IX N KHE 5 28 AN SRR Bl 2R AT 25 e A 2R o LA R ISR 11 A 2
U 46 FioR, SRAER Bhdgr HAS S R EOE (5 5 35K F Ko 100 R4 FE AT UERL . [R5
BRAIE 2 3 2% 2 18] (A ) R T AN [ 28 43 o IR) B AR aze , 2209 5 i 2R 1 22 43 BB 100 KR4,
FHARZE M5 RS AR B o 7 22 43 06 (I 30 1 T T A AR R 52 8, R e R R AL 5 3E 1)
B AR . A VCHCBHSTN 1% AT REREIL FPGA () LVDS #5281, Wi v, &
I FPGA Jr | 100 BRERHIFH . ELR BRI fLIR)E, FICH T ALAE 5 ER kAR
i) BT 51 A 15 5 7 e i) 280,
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reeededer

|..’.....’. J

rtt .
.....

tttitt
(i. o Q_,m-l
.’..
I'\'"e ..'rl
:}.':'! "."f“'
t
Ml
:oto}t:‘q_

Fd i &

N | 7

ltl[;étt. I‘ '

nm | o® /
N

— s

46 ADS4129 F| FPGA BIE S ZKEL

5.2 PIJERBARLR

HT 0 H AR AREALL AT 2 SN BEATLGR A, XSl s AR ORRERE R BEATLIE 7S, W] DAE
AR PEBGHAT T o BEATLIR 75 11 51 A AR RAE A A\ i ) FRL IR AR, 17 Y 2T o ARG 3 1 2= 2
IRERARAT NG 5 RIS . IULBAUAT R FPGA A B R ZS AT BE X B ARBE AL 75 (1
AN, 8 e T BTG A R R B B KT K R i A . 72 FPGA W EZ AR BT 78
AERITEBLR AT LA R I 7P 2 g B AT AL 7 10

KPR RE R, A M & ADC, A 2 JCT 2R $EE SNR. ~FE31 75 37T LR
RAFHRMEFS, LLInIAEFS . ADC S5 HULMES | fLIRME A S, PR i SNR 512
YKL RN 47 FRP. Sy T R R R, ZIK&WU&HI;;EJE?E%%U?HT?i’ﬂﬂ"]*&ﬁ%

1 10 100
#ADC

47 SNR 127+5 ADC R #HI X R
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XELAA
Al TIAD TONG vamllv T FPGA X SR ADC BISLFRREMR (L A& it

e/ SHANGH

T ADC [IRAEZN 200Mbps, 558\ IK-F-35, 15 2HHR#E 2y 25Mbps, U] 18] B )
SRRE SN A] 8 B A 40ns. AHNTT us BRI ], 40ns [ REES H 188 AT LLRAIESS S
Wr A 45 DUR B, I HLREBS AR AP IRV BRIEHLE 75, AL 47 TS 2], P35 K 8UE SNR
H 9dB IS, P LM s B HE A P 48 B

200MH 25MH

amrs [ MTREEE T e

RS BT 3 il
12bit 12bit

[ 48 FIIEBRARRTEIERE

3 REEEERRMITEFIR E T IRESR

XF TG BEWTATI, 25 BB AN s, — IR T iR AR S 1 R I, S Ak
8 e Ko T W T T ] B 5 7 8 8 S TR IR o T R AR 2 A BT B ) 6 LA AN A O
P, A1 2 RE R R 5 A 2 1 D AR M M o 1) 5 5 S B 2 5, SR B BT 7 5 e AR Bl
W T, SR 5% TR B L fg Iy, ) Uiy L M T o ) 5 P A 7 9 R

X FEEE AR B (A HIWT, 15 T B AR ORI Lh R () S, iz S
RN E ERRTTRBE RFER B TR, — B RFEPFIMEBI IR, WRRKA T B, &
St A1 PO LN

FPGA [f1ab B3 2 4 ] 49 iR 2 AR R A t i 208085 DATA[] S 2 /i — /Mo t-1
I} 28055 DATA[t-1]3ET HLEL, G5 DATA[t]YE DATA[t-1]11) 90%~1100635 1, T35 B4k
ABENARK, A LUEARAE StdLevel 5351 3 DATA[], Wik 2 R 49 rhigfsal 1. a0 DATA[L]
It | DATA[t-1]11) 90%~110%, 5 BHEAR BB K, IRATRERAE TN, B 75 20k
FEMEEAE R, e 49 BN 2. T el G B EF RN 2 5 R R T L,
N T 8Os, BUCORAEIE DL 2 # 2 vHE— IR IR (R BE N Bk BT I, T2 2 B e vf
B, DMEERER S SRS L, X B 49 HriiGol 3. T 2 Fiia 3 anfE 50 11 51 Fs,
Bl R SE AR N SEBR NG 5, B CAHRRTERE, B EF8) N e R HEE .
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FHBIRZS
THE R T A

Data_low[t] = DATA[t-1]*0.9
Data_up[t] = DATA[t-1]*1.1

v

TR\ BURDATAI S
[F{&Data_low[t]. Data_up[t]
23

Data_up[t]>DATA[t]>Data_low[t]?
NO

THUEM—
151 cnt=cnt+1
MNERBETERE
SEAEFEEE

StdLevel = DATA[t]

v

AT
" 1E52: 1B53:
v BB TR E R 5k 0\ TE B TR B) 2 A
HIFEEERT BIEEE
StdLevel = StdLevel Std LeVG':_%ATA[t]
FHEIRAS cnt =
> FIRIRAS <
49 FEEEERRIZIER
t
StdLevel | _ o i}
DATA | I
] | >
At T

& 50 BRrRTEEEEART

L8

&
N
(o0}
p=i
H
a
p=!
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r
StdLevel | _. . . ... .

DATA J_| ,,,,,,,,,,,,,,,,,,,,,,,,,

—P

At T

51 BRiRIEEEETNLIE

XA E A (AR, 8L BN TRV SRS, AT DS B LT BRI B R TR At
BT TTBRR S HE(E SR UL — N A TR SEBL. £E FPGA FHSEELRR € afe, "I LK
MR AL S SE PR RT3 AR BT P U I TR 7 A 45%, 0%, +15%F1420%, HiA
23 (I

+5%:

0.95=1/2 + 1/4 + 1/8 + 1/16 + 1/128 + 1/256 + 1/1024

1.05=1+1/32 + 1/64 + 1/512 + 1/1024 (A 14
+10%:

09=1/2+1/4+1/8 +1/64 + 1/128 + 1/512

1.1=1+1/16 + 1/32 + 1/256 + 1/512 (Ax15)
+15%:

0.85=1/2+1/4+ 1/16 + 1/32 + 1/256 + 1/512

1.15=1+1/8 + 1/64 + 1/128 + 1/512 (A5 16)
+20%:

0.8 =1/2 + 1/4 + 1/32 + 1/64 + 1/512 + 1/1024

1.2=1+1/8 + 1/16 + 1/128 + 1/256 + 1/1024 (A1

5.4 BREFIRIRIR

BEWT By FPGA {5 S AL B IA% O, 32 SR Rt 2 IR A T35 J5 1R KA
R RAE TS T IR, R T B
A AAER A 52 Frn. HEZMAGRAMES CLK, FE 80155 RSTn, &K
P E] Tint, RAETFI1E SH dataln, JEAE(E dataStd, B RI7IFR stdUp #1 stdLow; Ab#E
RS T A THEME R ontOut, Hdlefa it dataOut, 25 K AL BEWTHE7R isSplit Al
ffRE1E 5 outEnable.
coreArith:U9

CLK
RSTn cntOut[15..0]
16'nc350 Tint[15..0] _| dataOut[11..0]
dataln[15..0] isSplit[1..0]
dataStd[11..0] outEnable
stdLow[15..0]
stdUp[15..0]

52 BRERFIIRIERAEE]
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Hok W ) B R Ak BRI AR a0 P 53 B, b GBS A A I 52 14 440K . A
WA FE N =AY, EH S (stdUp > dataln > stdLow) ., #83id_E[TFR (dataln > stdUp)
I R IIBR (stdLow > dataln).

X IER N, W& 5N PR FER A I LRI, e 8 —, )52
Wi Tt EE R Tk BT T B0 . W RaA B, Wiyt — R UEAE ANV B0, K e Wibs 07
1, [FRHMEREsIH, outEnable=1; WA AER], MIZEIE%iH, outEnable=0. &7 HiiXi)
Tint=50000, X 25MHz [ R N e, 0 IE 515 Ol £ it s o

t = 7int x (1/ ) = 50000 x (1/25000000) = 2ms (A 18)

RUIEEEOLN, & 2ms gl & B — 8 dE, R s 12 A2/ dataOut, 16 f7[#) cntOut 1 2
KLfF) isSplit.

X TR, — BORARIX PG O, B o 200 A 1% W e 2] 2 i () -
cntOut ATIEF (LA dataOut ¥, [RIFFEE BRI bR & B 1, FRon Z ATH 20558 N 1IE F 15 B .
TXFE RS LR RE AL AT I T R I R R T R, ANAFLE A K385 s B (1 B AR e ¥ o U
EE, PR BRI, 78R _EBREI GO, R B AT R BRI RRAS, W
THBUE— B 20N, B RNWEW 45 R, SREET- 51 dataln P85 2 IEHIRAS, Bl stdUp>dataln>stdLow.
LR 50 BH R T R e, U i 1) L R o R P R SRR B R dataOut=MAX, [ B i H 5%
Wit FE AT 5B entOut, BErbREAT isSplit=3, {FREHIH outEnable=1. XLEHREMZ 5,
U ) BB W (0 B (5 BRI BB 22, S8R T — IR IR T IR A I o

PR TR S, S EUTRREE SR, aiE] 53 Fras. 32 B ik
W5 ST, A A2 ) B T R R SR A B /IME. dataOut=MIN, 7 B 34 75 A % b 407
B2, WlisSplit=2, Al AbRE i FEAHL

R SEBR BTG J5, RSB BTFEIRAE, RS BIAR KBRS, EEIF
—ANBETE L R
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FrHaRES

v

HIAEHEdatain 5 L BRstdUp.
T IBRstdLowktb 3

dataln>stdUp?

stdUp>dataln>stdLow?
stdLow>dataln?
stdUp>dataln>stdLow
THEUEI—
dataln>stdUp cnt=cnt+1 stdLow>dataln
YES
A5 Pha HitdataOut. cntOut. isSplit
outEnable =0 dataOut = dataStd
isSplit=0 cntOut = Tint
isSplit=1
> FHBIRTS <
A 4 A
i HdataOut. cntOut. isSplit HitHdataOut, cntOut, isSplit
dataOut = dataStd dataOut = dataStd
cntOut = cnt cntOut = cnt
isSplit=1 isSplit=1
WHIEEE TREEE
cnt=0 cnt=0
AE B dataln 5 _EI ] BRstdUp. ¢ HIAH#Edataln 5 L TBRstdUp. ¢

T BRstdLowEb 5

HitHdataOut. cntOut. isSplit
dataOut = MAX
cntOut = cnt
isSplit=3

v

TRk

dataln>stdUp?

YES
4

THUEMN—

cnt=cnt+1

v

REGIFEFHIRK
{EMAX

I

TR stdLowbb 3

stdLow>dataln?

YES
HittdataOut, cntOut. isSplit " _
dataOut = MIN A
cntOut = cnt cnt=cnt+1
isSplit =2 ¢
TS FRELS IR AR/
IS EMIN

I

5] 53 BREfF R IRARHRAZ ]
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3 SHANGHALJIA0 ToNG UNIvERSITY T FPGA B EE ADC HISELFRIMTIR 1L #i8

WD E, A LA R 1S R dataOut, cntOut, isSplit A1 outEnable Fr)% H sk %A
R R, WK 54 Fow, BEBEAMMGELFES N AL B. C. Dy EMFRX-EAERE. ofE A,
Z AT NI 300, AIEERE; 2 B Rt A\ 300 223/ 5] 400, HHLA) FBEET RS,
i HUIRAS AR isSplit v 35 FEZUCERINPIRES T, EHEESM 2 MU, MEEETIRIAN
1) 400 PRE, WIS IES, AN ERIRES, MRXROERE C HE, MHMAESHN
300 B, HEANFRBERTHOIRAS, BEBSECIRZS D; [FIRERE C AL, M2 KTy, SEMEE R
£ 300 P, MERFHEN T IERIRES, SEEBXTRORES Es MHAE 58 200, BT A R B
WrIRAS, BRI B v R AR AR, B LARnE R NS 55 v 300 2 Al, #RJE TWEWTIRAS, it
IS RO RE Go DAL B, JREE TR _EBERT. R R BRWTRIE EORES, RIS AHE T I E R
AN B AL SO B DIREDT 3L, B UE 1 Wk I SR A D e ) AR A 12 o

#  JcoreTest_th/CLK

4 JcoreTest_tb/RSTn

-“ JcoreTest_th/adc_data_out

4. [coreTest_tb/ilUS/cntOut

4. JcoreTest_tb/fi1/U9/dataOut

“.. JcoreTest_tb/i1USjoutEnable ¥

() ) fcoreTest_th/i1/us/isSplit

[B] 54 BRETFRIZRINBEMELER

5.5 BF[8)[7]PRALIEFEIR

XFF G BEWTA AL, P 7 B e I S0 AT A A R AR S T TRRA P ATAT 25 2 i
) 56 B 1T PRA to M ARSI TBRIE I ] PR A DB 7 b3, HIGIE T ERME . X T
(BT TPR, AT LAE s B ] TR Ak B B A7 b 3

AV, BT R R 1] PR A BB g N B L an 1] 55 B . R EIIRe R R
RA GRS, R R AR, T Y R U B () R RN T 2R A (1) bR
Wik & fa) FBElT . AR B E R, X THAE ST AR, R AR, )
SH A B i BRI T B RO R B WS s G RO AR A, U B

CLK A4 Jmmt e N, RSTn NP EAHIAN, cntin JylE bl Jeibe )i+ 40, enable
SR W ) A R (1 (S R A HE D, isSpplit BRI PSR R B W AR A AT, setLevel Sl Tk
B S HE , setTime ik i [A) 56 B2 (1) 2 36 71 5C . outEn Jufr i REAEER, dataOut
NEH B R R, B 24 6, How U
oL A: AR AEBEK dataOut %

dataOut[23:16] dataOut[16:12] dataOut
0 0 B EARRIT RS2 NEAE
fH0L B RAEWEWTY dataOut i Hh
dataOut[23:16] dataOut[15:0]
2 Fon[E TBEMT, 3 Fronic] _LBRMT BR TRy EUE

HIFCEF B W o R LR, BT LD, fa Nz B s B Oh Bk 2ms f A 12 47
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S/ SHANGHAI JIAO TONG UvatKSllv T FPGA X SR ADC BISLFRREMR (L A& it
7i<7f$1ﬁ3257j$):ﬂ’]@ 16 ALt IN b 2 A7 B TR AL o 2 SR A= I W AR N B8 2= 19
FE MO, IRAMR AL N B Y% 500us £ 30 MEHE . BT ABAE
& FIFO 1 RAM HIfEif ik, PrbhZid iz U S, S A Ll o DAk B0 F) e A
ARy EE 500us &N 24 M

postWorkv2:U10

[+

CLK

RSTn

cntln[15..0] dataOQut[23..0]
enable outEn

isSplit[1..0]

setTime[2..0]

stdlevel[11.0110
55 B8] IPRALIBIRLRAE E]

F SRR

J L B Wk A B 22 PT DA R 8 I 2 W Wi ks M B R 2H i, B DA IO 3% 14 FH 11
MCU BEATSZBRIEEH] . N T BESKs 22 BRI 28 15 R A S B B B 58 B P i i3k A7 2 A Ab
FPGA Ab3 5¢ il i Hcis 75 22 _F AL B4 1] MCU #H4TAb

FPGA 2k 5 W s I Ak 2 7= £ (1) 548 B B 500us F=2E 24 1 8, X Bedi 38 R 2 1
fio FINN THRERIBMEE R, KIEWTFHN, HEKIE OXAA, RJEKIE DATA[23:16],
DATA[15 8], DATA[7:0], fxJ&kik OXBB NS dbr& . AitRH 7 72 H 1T UART (1)

77 AT _EAE, SRR A 3# N 115200bps, &—Wifkid 8 NEEAL, 24 ﬁmﬁéﬁjsik
Rk, B RBARALIEILTE 5 KRR N T MBI 15/ 2R 5% W i i ol P e B ik K i 15 o
£ UART A T4 FIFO, ¥R EEIEEE, RN CRUFEIRRES A EK . 0T RBEHBrE
i, UART H1(1) FIFO ANRIEVER, s I .

e A HE A 18] 56 . b tH BB AT R e i v B AT H, )
It B 5 R B AT BT A, DAVE 5 A B0, IR S5 SR AE A T b i e IE

UARTR#h &4

U

24bits/500us MCU UART
HINFIFO UARTHH 2 BI4R 254 UARTHIH #2001

56 SEHHRRIER]

5.7 SEFRMIKXLER

RME WA A A S, B C L BT A o0, EAT AR IE, Jld SR
W, SRGWIE 57 Frsfilikai K. EpEs ket BIBIE L, ARmARIRES, W
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7 SHANGHALJIAO TONG UNIVERSITY HTF FPGA X =iR ADC HISe£ Bzt (L A&t
1115534 Negative Pulse, /775N 99%, REAMEH - H IS 7B BB . R
o, BVEIE 2, NBEWE S RN, 0 RonREAEBR, 1 RaRAET B 7K
MNAESHR K 5SHz, MK P RK D8 8 2ms, 3N BT A 8 1B B TR . A7 e B

MNESHF N 500KHz, BEWTAIKCEE Ny 20ns. MIIRSE BoKE, BEiS E M 20ns~2ms,
T?Auﬂﬁliﬁ%lwﬂ‘%ﬁ%%ﬁTufﬁﬂi‘ﬁﬂ‘/‘{wthﬁl%

1 = soomv ) @ = 200v ) o1zn W0 = soomy ) @R = zmov ) 1226

DS4000 Series. DS4000 Series

& 57 BRUTHRAESATEBMEM R (ZE: 2ms, HE: 20ns)

Ve A ) R TIBR VA ) £ 10%, SePrillilid i, W EHEEN 1V, RA®
Bk, AN 99%, RSP BRI R AR IE DL, R TTRR S 900mV . iR
TE MR 58 From. 27 Bl NG TAE A 890mV, sk & I ot ¥ 2 i R TR, i 92bR
(R0 B A5 AN HL ST 2 e N — A e T BB TAR &, st e Ul , RN BR BT AR BE S 1R 4 1)
R A7 B AR ESAE Y 910mV,  ShETBE & T3 e R T TRR,  BRiE Ei o2k 2
AEART R, (HE 25 FE SR 7S SR 5 L, TD AR 30 R T RE RS AT 2, ) Ab—50 7> I Wi 3¢ A AGr U
B, AT PLAAAE T IR SRS . NG SN 920mV, TIBA B As il 2. @it -
AR, AT LAIE B T TBR B IR h RESEAIA H o ZRLIINR 2051 N T £5%,  + 15%F1 +20%,
&ﬁEEﬁTAﬁxﬁZT o

RIGOL

— . mw

L] §
1 = womv @R = z00v ) w1zaz @ = toomv ) @K = zoov 124

& 58 BRMTHRARHIEREE BENK (X 890mV, F&: 910mV)

Mo TFAZ O A AT (B S 75 AT I ] R AR 40 7 Ach B 1% s s 1) 0 BRIAE A duiss
AR, K TFBERTE KT 4us Eﬁﬁﬁtﬁ%%?‘jﬁ’?&ﬁﬁtﬁ B AR EAL; X T BRI K
fICT dus (PRI, BT ZBETTANTE N BRI o I8 I A IR AR 2 R AT IR W ASLALL, 15 7 P B ] 8]
fHA dus, HIAE 5 A 99% kT, F7E 1% WEWTIA] . Wilt4h R an & 59 Fros,
WY LNRING S, B¥ 2 RBEWsE . HTUE 2 9 FIFO B [a] [ TRR A s e i)t £
IBEWTAR AL, ARSI RIBERTES , S o E . BT CUA B B SOCR REREAS I 21 6 21 5 1
YRR TCAT BRI, B —IEHEE, AR LT BERT (S B, BT AR 2 AT
BIE 0. AMENEIY 2 hZONK, RO BIBENT, I 5 PR I 8] [T R ) oAb
WK g . 2R, TR EIZE FPGA N RN ] gk e, R TR RSB R T g 1E
I HAERIRZER .

&
g
b=l
H
a
b=l



EHTF FPGA X Si& ADC HISc£FiRemmit (L A& T

D (000000000ps ) T (£ @ 1E5V RIGOL H 10.00us | 2100 9 D {000000000ps ) T (£ @ 636mY

@ 2.400000Hz . o
: w* [:?i‘. el
\\
\\
» — — bETTH
B #
a ERE
- L
1 = 1oov g = 200V ) #1518 1 = 100V ﬂ = 200V ) 15119

& 59 BFiE)IPRFVRARIRSEFRMIALER (£ : BKFE 4. 2us, HE: PKIE 4us)

zi b, FPGA {55 &b FH A He B8 06 Ab ¥ % £F % W 155 1, B8 0% A0 F 11 5% By B 1) 26 31F Sy
20ns~2ms, HEME kb T 1 o T IR B AR AV AR 9 £5%, +10%, +15%7F1+20%, FE kb FE (1))
BIE A KECH 20ns~1ms. [FlIFF FPGA 135 b BRAE R RE 504 45 S 4T 4k, #id UART % 3
MCU #ig,
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FARE MCU RRIESEEME St S8t

6.1 MCU &1 51%1t

HeA BB T 2 AR E MCU I35, A THS7001 (138 a5 4541 . ADS4129
PIVIGEICE . FPGA [ [a] BB AR BE 18, MCU S50 T FPGA HiAT4L
PR, 55 MCU b 75 A& 5 B L& 2 BRI ThRE

MCU X} T THS7001 [ 25 45 112 185 GPIO FE~F- i i {1 B R4 1 1) . THS7001 F 42 ]
FE PRI 25 2 TR [ 9% R UNER 3 FTm e MCU BEAARAE - TE, an it & ¥ THS7001 113
FEAI,  an ARk THS7001 (3 2 iy, ORUEEN FARAE HLSPE AL T — AN S id 1 X ],
TRAEBEBT T I HERf . I, BT hl e t:, vT LSRR E, e e
PRAER o JE I — AR A PR, AT DUARAIE 40dB (1) AR E .

%= 3 THS7001 18 #F1THIR

62 | &1 | & PG;‘:]:)AIN PG&F\\H(‘SI.;\IN
0 0 0 =22 0.08
0 0 1 -16 0.16
0 1 0 -10 0.32
0 1 1 -4 0.63
1 0 0 2 1.26
1 0 1 8 2.52
1 1 0 14 5.01
1 1 1 20 10.0

MCU X} T ADS4129 [ A TC BRI 7 T S =221 SP14% 11k N #4531 ADS4129
WEBZFAEds, SCHL 7 X T ADS4129 HIMIAEALFI I RERC B . MCU % ADS4129 it &4 LVDS
w08 OFFSET Binary £ 30.

MCU X} FPGA (1B [ s (i ANl R 4 R FH T UART [ 88 A7 B0 B f% 4, 4%
ik 8bits . 7 Y A7 24T I ] RE L, FPGA FEF T TRE T 8 Ak, kR
200ns/400ns/2us/4us/20us/40us/200us/400us, 76 [ Z2 A i o LR I 2 {8 A DY A2 47
FEBMELESE, FPGA FEFHIIR [ 4 Mkt 7ill2 5%, +£10%, +15%F1+20%,
T ERbRUEELR . ISR, BRI REIE E N dus, TR BRIELIE 2 £ 10%.

MCU 1] Lidid Fr 4 (1) UART Sb AT 8cR e, FF B AT i s A 3N gR &, K AR
I ThEAE 8 R B AN 8] R (L Y6 £F R vk B b AR AR, B EGEAT S, Tt —
WAL . MCU _EAL B AR 485 il St AT A% i3 , A% 38 (145 JE B4 v R P2 AR 5 T 0 5

6.2 BIREDEMNE TSIt
FeLF BRI S T Z MR, R AT o 75 2 £ 5V B YR, ADS4129 )
ERAYH+1.8V BRI EYE, ADS4129 7 i+1.8V B HlE, FPGA %0 Ei7r+1.2V H
P B BAHIA+1.2V B BOE S5 +2.5V FEIEAT 10 40 1+3.3V B, HhE g
H1+3.3V HLJE . Ay I 8 o E B o T AL i (R A, e B R M AR B B,
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fj YELALY
s/ SHANGHAL JIAO TONG UNIVERSITY EF FPGA RE5E ADC L BEum IR (L 4038 v+
WEERIEAT B s

ST ARSI 2 FE G, SR RS N B R N2 6V N, RAIE YR AR A . TR
+6V HIE, [FFERA LDO BT PR EHRE, SRAEAL AT K . OPABAT IIFASHLN
18.7mA, ADS8099 fI# A HLi N 16mA, THS7001 i Kk TAEHL7/NT 10mA, AD8131 )
FRASHAUA 11.5mA, TR T o 1 B S IR KB 55mA . ARHELRT S O S, ik
E RS EIEAE RGN, RO Al o (it R 4 R AR R R I 200mA.
B, 6 AT B LR, LDO 75 ZEi A2 +5V Hrth, At s KT 200mA [IEEKR . 128 LDO
FIRT IR BIR 2, AV R AW K LDO, +6V [£E+5V ffi il REG102-5, Hijiifart it 1k 3|
250mA, -6V [F -5V i TPS27301, Hiifki i fe /1183 200mA, i 2 Wit 2K X T
+1.8V [1) ADS4129 B AL H 5>, ADS4129 A4 iy 100mA, HTEEMEZE, &
T HHFEE LDO, H—ZM+6V FEE+3.3V, (% LK AMS117-3.3, HjisiH At il
800MA; i - M+3.3V [F A +1.8V, il FI4 MK 75 LDO, Hijntfirtife J1oh 1A. 2k LDO
P THH 2 T LDO MRS Z AL EDR,  [IS gt — 2D B T L B R e s, X0 T4
ADC ] SNR & KA # 25 Y,

ST B AL e Y, O T A R R, R TR B R RN, EA N
EHEHET R, B WL LDO AT, AMS1117-3.3 it +3.3V H/E,
AMS1117-2.5V Hith+2.5V HE, 3% R I # T LUAE] 800mA LA E, KORH %7 ik
IR K. [FIN, XT FPGA % O HMIBUHIA+1.2V - TR, RAE T SPX3819 #H4T
B, FFH 2 R A REEREAT IR, B Ik FPGA K% Ui B = A i) v R AR kit i FPGA
P F AR B . X T ADS4129 H i ke, A998 KA TPS79618 #EATHLMH, {RiE
ADS4129 [P 7 45

£ W AR U ASC ) FEL IR 23 B X 2 G P 60 s o i e T A PR SE B A F 36 0IE s AR 7R
TR AR R BT ARG 5T B R A TC 9 4% (6 ) 5, ] DAUCA FRJR ML X 28 T H A B, il
JB AT ARG S 1 5 FH KR

~3via +ivEa

™ i \ n  ADS4129
: -3, TPST9618 )
AMS1117-3.3 [ ) —| B

wecions || B

— IEFE

Ei: TPS72301 =N S L S
2 I i VCCINT
i B B e LEEL L] FRGA
T, ) AMSI117-3.3 SPX3819 BRI I VCCPLL
+3v3D
+1VED
TPS79618 ) Q(D_;dgf%
FPGA_VCCIO
iz Flashi: fy
] AMS1117-3.3 iR
JTAG
LEDfE AR AT
v FPGA
— AMS1117-2.5 I::) veca

60 SeLTRR AN (L BR 7 B 4%
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) Snancial o Ton Universiry £TF FPGA RSiE ADC BISEATBRURMIR 1 B8+

FEE AARBENAS 534

SEF T A G WP 61 s, A8 3B A AT 3« 3 ADC SRAEHR 40« FPGA
5 R PR 23 AT MCU 2 81178 73 LA K 7 B LR A O X 4, B BB b T &
» ‘

& 61 SN AR (EMEARER, ANEREE

JCET WA I ASC R ATS SRR TS DA I W (17 2, Il R A P Bk oG, I 4%
BN E] 62 From . =/NTE0as 04L& AT DL S 5 e 2 (BT e rerll, - i A\ 1 s 0
A RIS I T 1 — 25, BOA ke, s B kAT T 2B R R
PSR LT IR A A AR SR RE A 1 B BRMEL AN TR] BRAELAAB I, ORUEIU S 4 R S e A

fk bR

Jeilh & A He R £

%,

TEWEA 3

AL T

T 2

& 62 SRRSO E I E
A, BT Bk IR 2 AN A, FRATR RER A Z LR AT IR A
REFRT AN 0 AT o SR B 7 O ISR A, SRJ5 B el a8 1 Je o s
WA, i 63 Frax, SEPrZEdzEanEl 64 B, S JeRmnE Ny 270Hz. 1kHz F1 2kHz,
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XEXLAL fg
e/ SHANGHAI JIAO TONG UNIVERSITY E:F FPGA &%]‘E ADC E@ﬁ'ﬁi’l—ﬂﬁliﬁiﬂlliitﬂﬁ’\]iﬁi‘l'
MAR AR 4 Pow, a8 ARG T IR TR, BT EASERR IR K 96 9
1 10°
t = —x — (us) (AR 19
9 7 AN~

] 270Hz Jik % A 1852us, 1000Hz Jik %& 9 500us, 2000Hz fik %y 250us. X1 1s 2 PN [T
WL BB R AEREGE 2, BT DA EAS BB A ER, XEEFAH.

WG T W% 5 3000 5

2

=0 -0
sssssss

64 SERRMIELEE

x4 SRR R
SR IR 5 R

PR (Hz) |SEFRAKTR(us) MERKTE (us)
270 1852 1848
1000 500 498
2000 250 249
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</ SHANGHAI JIAD TONG UNIVERSITY ET FPGA RSiE ADC B AT RRETMIR (A% T
H T Ik s 2 R UK A G P B, BT L, RIRERS, FRATTRT DAAE I FEOR

A E I AR ) A S AR 2R B W, &) 65 P, SERRIINAE R A& 66 s . IXFE

REEAS 2 5 2 (A BoA g . WA, SRA Sk, IRk i) S22y 99%, Wl ik

MREAE Y 100mV, KB 9 50mV. I BT AR S 6~50Hz, 5 i Bt ] DA &,

ANied SRR L 50HZ FR) I WA 100 L2 2 W IR 45 SR AN 36 5 P s WX AT DA

M W R U 2 SR BN HERA, IR ZEBUDN.

=z b o gk
E,@gﬂii f‘> —mrk E&fﬁfﬂ — Zamx | EmaE

65 {EEIK & R AR AR TN ]

\ = . $

66 1EEIN & S BRI UBR TN SEPRZEH E]

5 RIUSTRMIALE

BROME SR R
R (Hz) |SCBRRKBE(us) — BRMTKE MERKEE (us)
6 1628 6 1627.56
10 976 10 976.52
20 488 19 488.24
50 195.2 49 195.28

MIAES RRFE IS IRA PR AT IS 21 10 e 5 S DB AR 1 I I A I (A E
F ey, v 22 W] LA 32 5 i 15 5 YRR It A5 2 e (5 B 1 Il E A AR HidiE
SZUORMARFHER,, BERSWR MR TR WREFOCIEINK, T EAORUEC 2T e D A Re
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DNEEAT BDCTh A BRI B) S M S8 S5 S, T A 5 YRR ] DADRAIE DG 2T W s I e
I B — L3 O A o 38 G5 wT DLRAE DG 21 WA 00 A5 R Ao o 00 EE D27 B 7 PO 175 00 A AH
FAGR, VAIRANGSFEAS LA R AT GREE o
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N " S SHANGHAI JIAO TONG UNIVERSITY ETF FPGA K &R ADC YLz mmmit (L gy it

BN\E BEE5RE

M SZBR B SGIRAME 5 ks iR A5 SRR, e Bk il A I B AR T e D28 2],
& RS FERF G T H 2R, [RII A B T REAR 5 (1) AL 38— LGB R AR (1 I SR A 00, ORAE T I &
(IREHERE . AU TFEOCIEMESS], 24[E @ THS7001 #8254 0dB I,  ThaR Wil v 4 2k
P 1975 BBl -30dBm~-11dBm, % & F] THS7001 [BCRTEE, ThZ e F A-52~9dBm. 45
G AT ANSEBRI &, AT LRSS 256 2 I W A R O B R AR I T

® IHEISMISERE: 60dBm(-50dBm~+10dBm)
o ISNBRMTIRFE: +0.5dB &, MESCEE®E
® SIMIBRRTATHC: 40ns~2ms

MEARI G R T LR R, ARBTHER T B ER, I SRR KR, RE T &
GriN e I HERE . ST EE T AT OP1100 A JW3324, A Bt i JE A B i+ e £ I bk
T FaPR T N DS ASTE . IR BRI

8K, RIS AFTE . EEE T RHES s =, X T e br K AE Rl 5
17550 TIEHAT R E bR . KT SEBR RGUMNR, KA R 7 kAT, EFREE
SRR, A REARIEA BT I 53

HE—2BUL, SCEFBEWTIR A T AN E R R R, SO T AT HLE SRR
FERUBCN IR M, B AT S BE A 0 R bR AT T o AR SRR TE Se T B R RRAE
B AT E 2 (R BCIRI A, IXFE- T 807 SO0 o PRI R P R P AT ADC s SRR 1 HH R
PERBIR 2% o AR — 20 TAE RS 2t — 2B R £ B BT () e v AR, A BERE 08 il R AR 2
B 75 R A B G 21 W () R T, 48 s R R 5 BR, HE— D3R mo R AR R WA I R i A
FIAEFE .
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B3R

1 . FPGA B AEH LR setStdLevel. v AR

1 //25MHz, HNTEIAA 40ns, 2ms FE 50000 NHIAEL
2 parameter Tstd = 24'd50000; //2mns
3 reg [23:0] cnt;

4 reg [11:0] data std level;

5 reg set std level;

6 always @ (posedge CLK or negedge RSTn)

7 begin

8 if ('RSTn)

9 begin

10 cnt <= 24'd0;

11 data std level <= 12'd0;

12 set std level <= 1'd0;

13 end

14 else if (lowScale == 16'd0)

15 begin

16 cnt <= 24'd0;

17 data std level <= 12'd0;

181 set _std level <= 1'd0;

19 end

20 else

21 begin

22 if (cnt < Tstd)

23 begin

24 /1 RGRER, FH—RIE

25 if (tmp2 < upScale && tmp2 > lowScale)
26 cnt <= cnt + 1'dl;

27 /1 RETHIBAARERTS

28 else

29 cnt <= 24'd0;

30 end

31 else

32 begin

33 /| BRGERE R FHIAR B VR A R ARE AR S AL
34 if (tmp2 < upScale && tmp2 > lowScale)
35 begin

36 cnt <= Tstd;
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data std level <= tmp4;

38 set std level <= 1'dl;
39 end

40 [/ BRGEREBGMIR, AVEEARE . BT, LA STHE
41 else

42 cnt <= Tstd - Tint;

43 end

44 end

45 end

2 . FPGA AMIBBRBIAZMEER coreArith. v £484LAD

1 always @ (posedge CLK or negedge RSTn)

2 begin

3 if (!'RSTn)

4 begin

5 cnt <= 12'd0;

(3} dataOut <= 12'd0;

7 state <= 3'd3;

8 outEnable <= 1'd0;

9 isSplit <= 2'd0;

10 min <= 12'd4095;

11 max <= 12'd0;

12 end

13 else

14 begin

15 case(state)

16 3'd3: //¥IEIRZS  datastd=0  WEDIRZSARICA 3
17 if (datasStd == 12'd0)

181 state <= 3'd3;

19 else

20 state <= 3'd0;

21 3'd0:

22 begin

23 if ((dataIn > stdLow) &&(dataln < stdUp))
24 begin

25 if (cnt == Tint)

26 begin

27 //state=0 IEEIRZS: ITEUE cnt KB LEIRTS
28 state <= 3'd0;

29 cntOut <= Tint;

30 outEnable <= 1'dl;
31 dataOut <= datastd;
32 cnt <= 0;

33 isSplit <= 2'dl;
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end

end

else

begin
state <= 3'd0; //state=0 FILF|KIEIRE
cnt <= cnt + 12'dl;
outEnable <= 1'd0; /] RIMNEIEFRE
isSplit <= 2'd0;

end

else if (dataIn < stdLow)

31d1

begin
state <= 3'dl; //state B E| 1 BRALE
cntOut <= cnt; /| BIEE R
outEnable <= 1'dl; / /ERERIE
dataOut <= dataStd; /| RIEE R
cnt <= 0;
isSplit <= 2'dl; / /¥R BRI R 5E AR

end

else

begin
state <= 3'd2; //state W% 2 BMTAE
cntOut <= cnt; /| BIEE R
outEnable <= 1'dl; / /ERERIE
dataOut <= datasStd; /| RIEEIRE
cnt <= 0;
isSplit <= 2'dl; / /KRR BT R SE AR

end

end
begin

if ((dataIn > stdLow) &&(dataln < stdUp))

begin
state <= 3'd0; //EEEBEIEEE state=0
cntOut <= cnt; /| RIEEIR
outEnable <= 1'dl; //FERe&RIE
dataOut <= min; /| RIEEIE
min <= 12'd4095;
cnt <= 0; / /B M R A SERK
isSplit <= 2'd2; //¥RIC[E T BT

end

else

begin

cnt <= cnt + 12'dl;
state <= 3'dl;

% 47 U1 3 51




YHEZAAY

SHANGHAI JIAO TONG UNIVERSITY £TF FPGA KSR ADC MY LRI i it
88 outEnable <= 1'd0;
89 isSplit <= 2'd0;
90 min <= (min<datalIn) ? min : dataln;
91 end
92 end
93 3'd2:
94 begin
95 if ((dataIn > stdLow) &&(datalIn < stdUp))
96 begin
97 state <= 3'd0; //KEEBIZ|IEEE state=0
98 cntOut <= cnt; /| BRIEEHE
99 outEnable <= 1'dl; //{ERERIE
100 dataOut <= max; /| BKIEEIR
101 max <= 12'd0;
102 cnt <= 0; /BT R ST
103 isSplit <= 2'd3; //ARiC[E
104 end
105 else
106 begin
107 cnt <= cnt + 12'dl;
108 state <= 3'd2;
109 outEnable <= 1'd0;
110 isSplit <= 2'd0;
111 max <= (max>datalIn) ? max : dataln;
112 end
113 end
114 endcase
115 end
116 | end

=
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DESIGN OF THE OPTICAL FIBER TRANSIENT
FRACTURE DETECTOR
BASED ON FPGA AND HIGH-SPEED ADC

Optical fiber transient fracture detectors, also known as optical fiber discontinuity analyzers,
are widely used for analysis of optical fiber transient fracture on some high precision and high
speed occasion. There are detailed metrics and testing measurements specified in the national
military standards about optical fiber transient fracture, including fracture time and fracture
amplitude. And modern optical fiber transient fracture detectors can support user-defined
measurements.

The optical fiber transient fracture detector implemented by this design meets all
requirements of national standard and has greatly improved in the actual performance, such as
minimum measurement time and optical signal power level. This design has brought optical fiber
transient fracture detectors into wide dynamic range and nanoseconds Times.

The design is based on the JW3324, the product of JoinWit, Inc. And it is necessary to use
better components for better performance. This design has achieved low-noise analog front end
with a suitable bandwidth, converting optical power signals into electric signals. It is high
bandwidth transimpedance amplifier that can ensure fast dynamic response speed and sharp rising
edge. As you known, the key of analog front end is to ensure a fast dynamic response and low
noise. But for high-speed ADC, its sample rate is 200MSPS and we have limited analog front end
bandwidth to 70MHz, that is corresponding to Nyquist sampling theorem and guarantees a
relatively fast response speed. The design pursues high precision so it is a must to guarantee low
noise in the whole design. We use low-noise amplifier, such as OPA847 and AD8099, to achieve
low noise requirement. Using EDA software to simulate analog front end, we can obtain that the
large signal bandwidth is about 20MHz and the peak-peak voltage of noise is about 45mV. The
measurement result is about 50mV, which proves that the simulation is accurate and the analog
front end runs well.

This design takes advantage of high-speed ADC, 200MSPS sampling rate to ensure that the
system can detect the nanosecond level transient fracture. 200MSPS sampling rate means 5ns
fracture detection time interval, so ADS4129 is completely competent for 40ns fracture detection.
High-speed ADC needs low-noise power distribution network, low-jitter clock system and low
parasitic analog input to guarantee high performance. The design uses FPGA to generate ADC
drive-clock. And the impedance matching network of ADC input pins can send most signal power
to ADC so the design has more noise margin. The design has completed ADC hardware and
software, and has achieved 200MSPS sampling rate.

Digital output data frame of ADS4129 is in the form of low voltage differential signal, LVDS.
There does exist LVDS receiver IP core in FPGA. However, we need careful attentions to the
sequence of received data because the function of IP core varies greatly with different FPGA
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platforms. By functional simulation on Modelsim EDA software, we verify the specific form of
LVDS IP core operating the received data. The result is that we can simply connect the digital
output pins of ADS4129 with the differential pins of FPGA, because the sequences of the
transmitter and the receiver are all the same.

The design averages sampling data and by averaging the sample values, FPGA can reduce the
effect of random noise introduced by PIN photodiode, passive components and amplifiers. The
design improves SNR about 9dB with mean filter. Using averaged sample values as the
characteristic values for judging whether transient fracture happened, FPGA internal core module
can get some information about transient fracture. The core module can obtain fracture amplitude,
fracture time and standard power level. The design uses a redundant design, obtaining much more
information than actual requirement. So it is easy to update the products in the future. Meanwhile,
we need to filter certain information to obtain the information required in the current design,
including optical fiber transient fracture times within a specified time window and optical power
value under normal circumstances. So we design PostWork module to filter the fracture that does
not meet minimum time requirement defined by users. Predefined time requirements are 200 ns,
400 ns, 2 us, 4 us, 20 us, 40 us, 200 us and 400 us. Users can select time requirement by MCU
UART with sending specific data frame.

Optical fiber transient fracture occurs in burst mode, so we need to design FIFO to
synchronize data in different clock region, one is burst-mode clock, and the other is 115200 bps
data rate with UART (Universal Asynchronous Receiver/Transmitter). Cyclone series FPGA has
built-in dual clock FIFO that we can configure it about its data depth and length. The output
module configures FIFO with 8-bit length and 1024-word depth and that is proven suitable. The
data rate is about 24 bits per microsecond and these data need to store in FIFO. After that, the data
in FIFO pop out with 115200 bps rate. MCU module receives data at a constant rate and it
simplifies the following design.

MCU module receives fracture information by UART. The information is combined with
fracture indicator, sampling data corresponding with optical power in normal condition and
fracture times within specific time. MCU module should separate received data frame and
organize it into useable information, as described before. After obtaining these data, MCU should
find optical power value corresponding to the sampling value in the lookup table which is built
using calibration method. And MCU module uploads these messages to motherboard.
Motherboard should integrate received information to acquire more useful fracture feature.

Optical fiber transient fracture detector is composed of many modules, and it has many kinds
of voltage. Analog front end circuit needs 5V and -5V rails. These rails all need low noise and low
impedance. The design generates pure analog voltage rails with LDO and linear voltage source.
The chip REG102 generates 5V and TPS72301 generates -5V. Another low-noise voltage
requirement is the analog voltage rail of ADS4129. It is 1.8V and the power distribution network
uses TPS79618 to generate 1.8V. TPS79618 is RF kind LDO, so ADS4129 can get very low
voltage ripple, although ADS4129 runs at very high speed. And that is necessary to improve
high-speed ADC effective bits. Digital power supply can be generated with AMS1117 series
LDOs. The power distribution network is suitable and efficient in this design.

After testing enough times, this design completes all predefined goals, enhances reliability
and accuracy of the optical fiber transient fracture detector. What is more, the optical fiber fracture
detector can detect 10-nanosecond level fracture and can obtain almost 100 times in one second,
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that is more advanced than existing equipment. The final specifications are as follows.

® Dynamic optical power detection range: 50dBm (-42dBm to 9dBm).

® Monitoring transient fracture power range: = 0.5dB.

® Monitoring transient fracture time range: 40ns to 2ms.

More than that, the design has achieved adaptive algorithm. The core module can adjust its
standard level, so it can handle with various optical power in one measurement. That improves
adaptability and convenience of the optical fiber fracture detector, because old equipment needs an
invariable standard level.

The design can get much more information than needed, so the next step work is to find the
characteristic value of optical fiber transient fracture. Once we understand the characteristic value
thoroughly, we will apply it to the design. We will predict occurrences of optical fiber transient
fracture and obtain much more information about the fracture than now. Another valuable issue is
about how to reduce transient fracture times. Because we can get fracture information from optical
fiber transient fracture detector, we can analyze the source that causes fracture. The final goal is
not only to detect transient fracture, but also to reduce, even avoid transient fracture.
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