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Signal processing method for shaped pulse and

radiation flux deviation in low temperature
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Abstract: Flat response X-ray diodes have been widely used in large-scale laser devices at home and abroad for
the measurement of angularly distributed X-ray radiation flux. In practical experiments, flat-response X-ray
diodes measure radiation flux images that have a step change in a shaped pulse-driven radiation source. In order to
ensure a good signal-to-noise ratio, a single signal will be connected to multiple channels of the oscilloscope, and
then the signals of different channels will be processed, and the final image with good signal-to-noise ratio will be
stitched. The research in this paper mainly introduced this data processing method and gave theoretical
calculations. At the same time, a theoretical approximation and numerical simulation of a deviation in the
calculation of the low temperature radiation flow reduction were made, and the relative uncertainty of the
deviation was obtained. Coupled with the uncertainty of all factors, the curve of the overall uncertainty of the flat-
response X-ray diode as a function of the radiation temperature was obtained, which realized precise diagnosis
and completed the experimental needs for diagnosis.
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Fig.2 FXRD's principle and experimental layout

i P BRFLOG B L P98 . XRD B
OS2SR N S ER=X (2 T EVIN € =3
WS B PY . Fn s P A B R LRSS U AT
EVR

s z
Uiﬁ@wmﬁmwpﬂm&@mmﬂmzﬁe
Jﬂmmmw (1)

o 1E) Ry B ST AR A B TR R R I 23115 AR RR
WL A S R 44 D0 25 115 BR L% bR 1 A5 -k BRFL 31
SR RURE B 5 0 kg 24500 28 L 2 K Xt SR s 2 W L 1) £
JE 5 Ry(E) A ot s 08 e (1935 0o 3R R 50 R (E)H -
I € 37 3 R R0 Rywo(E) 9 XRD Y B 0 137 2K %45
Z M7 A RV BHT ; ASh S I8 DA 2R R(E) W25
BITE R E RS0 N R % FXRD 193 H i
TR IS5 B R(E) V6 4 Ry #8AS REATT 1T Wi 17 PR, X R
ZJ5 R 7 U A T, R S U B A AR A TR B
T o FFRE) RBEAE THCF-RA(E) - Ryro(E), H AT HLAY
I BCF-rhZean &l 3 firs .

i T T T T T T T T T ] 0
B Ly Flat response function
‘3 104 E- ~ — — Response of cathode | (g
: E > —— Flat-response filter
g N j
i 06 5
£ =t
] =3
¢ 04 g
g &
g 02
e . 0
0 1000 2000 3000 4000 5000

Energy/eV
FEl 3 FXRD U F . BIACRLE p RE e b i 2%
Fig.3 Response curves of FXRD filter, cathode and total energy
spectrum
B A 3 7 1 R S DR 1(E) AR AR
I — 7€ A 1% 1 INAY R B, 1158 FXRD X g5 1(E) it
30 2 B B FBI{E R B FXRD Wi 1 - 34 {5 A s
A S ) R () 43 B N 4R 8 RS BRI AR A, 15

Mt RAREZEAME .
2 BREHEELSETTE

BOIP k oh 296 T SR I D o0 A — B S 5 — 0 A
T WIANME S 23 S A (5] ) S A B R U
o PN EIE R BT EARR B MG S, — il
AR 513 B S B AU, AR & B LUK 6 B
Tfe o, (AR G P55 0 {5 1 L8 22 o —>idE
I P B 5 B 5 5 RAEARLS, [R5 1 L,
H 6 O Sl e, 2R 80RE . iy
TR P30 8 AR A BT BEAT I TR 5, O EORE P
HRL T I B A b B, O A B R AR 0 B AR S, RS
PGS AT PR . (55 IR R0 R A e L
S ) 0 3o RO T R S BB A SE AR I R R
FHSE B W Al 38, IAF IR 63 B A0 s £ B A DR L
GFROAR R L o LY B0 S e U b i s R SN ] 4
JIr 7, 708 U5 s P A T8 T R A [ s il A 7 3 ¢ty
LREBIIL, HE ML RER CES MR G 0ES
A A P A JEURR SR AL 2 I BT B0 R ] —
AR AR R T, AnfEL 5 FR

Pl 4 TR B RETEE D ™ A SE S VA7 I8 s D) i 25 2R 1
HfF 5 Il 2 A4 SRR RS a5

Fig.4 Oscilloscope measurement results of radiation flux under two-step

W13 K5

shaped pulses : channels 1 and 3 are complete signals; channels 2

and 4 are low-pass signals after adjusting the range

T — 38 AR 2 AR, MR s 0 1d
B, RS U5 55 4 B 22 AT U, X
SR 1) 7R I A 2 2 7 AR R Ok L [ PR 38 1A
Z 8] T R LA B I i N BB A A A5 S A A A —
BB ) 22 55, BT LA 6 A A 5 EA T AR A B
SR PIANE 5 50 A S AR S A A, AR e R Ak E

20200181-3



ISk A2

% 11 www.irla.cn % 49 A
—— Splicinging results (only rising edge processed) iﬁ%‘]‘{ﬁ B lj‘] %Kﬁ’, @?ﬁﬁi*&ﬁﬁ*ﬂﬁﬁ%ﬁ)ﬁﬁ/ﬁ

--- Full curve processing re_sults
300 Low-pass curve processing resuls B 5 AR 55 7 R e,

393
(=3
(=]

5

e

|

5 BRGS0 IR SR L Hh 2k

Fig.5 Splicing signals to obtain a complete radiation temperature curve

Radiation temperature/eV
Iy
o

5.0 10 15
Time/ns

T, B D) — 30 T I 1) 7 R A 4 R
43, 15 305 M FL B A 1) 58 #5622 fh i 42

BB BERMT . B EKE S A=
[ay,as,---VF B = [by, by, 13 )| 476 {6 B [7] — 1] 5] %y,
W A BURTRIE B Of B AR S5 IR A% V) S E AT

=D A+Br =Y 4B (@

R BUR I AERY 55 A R B 2 [ 1 5 22 7 £

$L 4 A B SEAX S, e B MO, AR )
B |- BT AL

Crax = Z @iy + bi)2 + Z (@in + bi)z_
i € signal . 1 Enoise
i+N € signal i+N €noise
Z (@isn — bi)2 + Z (@isn — bi)2 ~
i € signal . I Enoise )
i+ N € signal i+N € noise
Z (@in + bi)2 - Z (@in— bi)z
i € signal i € signal
i+ N € signal i+ N € signal
52 %, 25 A B AERF A og 4, ).
Z (aun+ bi)2 + Z (@ian + bi)z
i € signal . L€ noise
Coin = i+ N € noise i+N € signal _
+ (aun+ bi)2
. +l ]%/ lém'se.
i noise
C)
Z (@in — bi)z + Z (@in — bi)z
i € signal . 1€ noigse
i+N €noise i+N € signal ~0
+ (@in — bi)2
RS

i Cfa T 0, HAWAF BN A T0- CouxZ [H] o I
SRk O B (RS, TR R R, RO AR,
WD, 5IA BT REC,,:

Co=Y A-B Q)

S LRIV 4 A0 B I [A] 58 XS, H TR A
R, WEANAEE 2 5, H A B Bl A e, il
M R AL B 30 JE 05 Y0 BT, 9 {0 81 5 240 20 4 1 ]
b, PRI (4-B) 197522, s de/IMEARAE 0 SF A

LRSS E W] X SR U7 o BB G0 R R
B

Co@= [ F-f-D)dt (©)
St H A0 L I A
CE=V2n-FE-F(=6=2aF©F ()

ﬁﬁaT®zq%ffmﬁﬂnM@$Hﬁﬁﬁ;
Tc—oo

202001814



s Gk A2

%114 www.irla.cn % 49 %
R G (M =a(t)-b(r) =
Co(r) = —— IRZAG R ’ k
Vam ! 2
" \ Jrw+ra-nya-
[ 17 @©F cos erydg- b
£ _
i |17 @FPsin ) de @®) \Lj(fm—f(t—r)fdr (14)

3 (8) B I g AR
Tl WE, 4T,

PR AT R BT LU

oo 2
IF &) =% [[jf(‘r)cos(f‘r)d‘r] +

[j F(@)sin(€n) dr] } >0 ©)
Ji LR AT, 27 = OB, €, () A KA

Co(@) = [ IF @F cos¢ndé < [ IF ©)Pdé =
€ 0) B (10)
AR (10) SIAHME—: V1.C, (1) < Ci (1), Hrh,

Ly

Ci = 1@ fa-rdi=

Ly

cu- [ 10 ra-oa- [ 1o ru-nar
h - (1)
Al UL, 7R A M R 22, sIX I [L,, LN 5 A 52
BT, M= 00f, C, (O A—ERRKME., B
X (1) T, 155

7/

v

(¢
Ci(0) =, [j (f () + f (t=))di=
Ly

L
j(f(t)—f(t—r))zdt]

(12)
/%\
L
0=\ [+ ra-ra
b(r) = \f(f(t)—f(t—r))zdt (13)
1i

)[%7‘C1 (T)ﬂlcz (T)Xd‘ T SRE'F, #gfﬂﬁ‘a

4C' (1) /b’ (1) +2b (1)
2a(7)

C, (1) =( - l)b’ () (15)

¥ C (i KAE &b 7,8 A2 L 15), I F1 A
C(t,) =0, 155
a(tm)
WERATE [Er, 7E 0 B3 B 15 A0, BOE b ()T X [H]
[0, + 015K [, — 6,01 HL 0 bR B2 A # A, HA
b(0) = 0N d5/IMEL, BrLA, b (1) B2 S 1l 50 Xk

:J:—zgzmli —1 < 0, F)TLJ C; (T/nl)‘lé‘%—bj‘rm}fi% © JH:’
ml

C, (DK ABAL 7,0 75— E BRI T Hor,, SEHE T 0:
|Tm1| > |Tn12| = 0 (17)
:{:E Tm(Tm]Ejz Tml) E/‘J QB iﬂﬁ Ij‘] E}I /\ %U *E : H VT € (Tm—
8,7, +6),Cs (1) > C5(0), Hrp

C; (Tml) = ( l)b/ (Tml) (16)

G = [(FO-fa-m)dr (18)
L

FAE5 ORI F B AT A X 6] [L,, L,]
W, M2 ER, 21 = 0, Cs(0) = 02 ME— e /IME .
e UL B2, XS5 A R T A AR 2 (15 M L
A, R (14) FRAUBOT 07 .

3 KR EH%TUILE’JV[’E%%

— M S o AR R SR A5 AN A BT LA gs i (H
SETEAIE PR b S i R h, BB A — AR
e e R . W A ok A, M T FXRD 78
100 eV~4 keV V- 07 1, 33 50 2K 4R 3 B3 19
A AN G DX EE S J i 5 e, 6 o7 A1 3 £
5 1 R R R B ARAIL, AR R A X RS v, A A
TR R R B ARG . Y S TR AR, AR K
—HB4F HETG /A T 100 eV LA T, il EXRD Wi 1 A9 £
B E JE BN 80 eV~5 keV, i il S 2 i F bk 5 14
FXRD M J3 bR ECHE AT 48 S T SR T4 2t O 2

20200181-5



ISk A2

%114 www.irla.cn % 49 A
BT ESIT R . A TR EEHR, f(EEHIA LE2 (AS (E)+6) £ (E)dE
—AL I RE TS 4 A, B Ui~ &= R =
o E>
Jr@dE=1 (19) J, 25 (E,—;f (E)dE+% 25)
0

I FXRD 14 52 bRl 525 5 42
Y = fR(E)-If(E)dE (20)
0

X HR(E)Z FXRD R dh £k, IBRiXRAIEMNR)E
{1 7 A B4 08, DO 1B 1 = g B
HAH 2

. “R(E) f(E)dE
U,:Illzj(’ = “1 @1)

HEMRUGHIRIEU, = 0, WA #I8 R G HIAE:

Row = IR(E) f(E)dE 22)
0
WA 7 (E) AR S A5 2 1 5 —fk ik 40 A, X [A]
[E,, E, )05, WA SEFrAd FAE:
[ R F E)AE

R= =
Ll f(E)dE

(23)

73 —TJi i, % R(E) = R+ AR(E), WA

j: (R+AR(E)) f (E)E »
R

f: AR(E) f (E)E

R
LEZ AR(E) f'(E)dE

R
|77 AR (f(B) - £ (ENdE

R
N3 (24) BE T 4E > EY, f/(E) = 0, f(E) - 0,

NI (24) I, BN e, BT LA FH 46 S I Ak PR
P T AR, EERFNR £ R R Z; 56
T, W R ey, EEIETLPREETE 5B E BRI B AN [
R R 22, 1R 55 2 715 O TR Ak 3 Ao A e ) R
BN R IR 22 o X ARk e, AT LAZ S, H
flifers ZRE)=S +AS (E), S =R+06, ¥
I X 4 E, WAR(E) = AS (E)+6, FTLIA

U[z

+

24)

ARG 52 PR B9 FXRD & 8% 1§ 00, 3¢ 5E 75 X (1]
[0, E))A, R(E) =0, ££ X [H] [Ey, Es 1M, R(E)M 0 H ]
FEINE S, FEIXB)(Es, +00) A, AS (E)AHRS S S/ Vi, A

[ 817 @aE (7 as &) f(B)aE
U ~2 = ) _
R R
Ji o) E0E
R W
YSFIXS S A/, 2% A5 (26) B =00, a2k
[ BUE Es — Eo, W] 20055 300, A3 24 34

+

(26)

5 S (m S e
Ui~ z=% [P EAE=Z [ " fEAE-1 @7)

DL SE 6 v HAR ) — > FXRD 9], 1n (& 6 s,
Mo Sk SRy S B g g 2k, 80 eV A R 2 FIS A
(B, 2160 52 2l A 4 S i B X ] 35 (E

8.0x10°
% 6.0x10¢ A —
" ="V
<
< ¢ N
5
5 4.0x10°°
2
2
2
17 6
~ 2:0%10 — Flat response curve
—— Mean of flat-response interval
0

0 1000 2000 3000 4000 5000
Energy/eV

15l 6 FXRD M 7 i e F-F-mm 1 IX [R] 44

Fig.6 FXRD response curve and mean of flat-response region

A UL AT LTS B RM U, . S FHAS R A9 L
FElS) (RVAS IR B9 [y, EoD), 230 R AN TF) 1 i 22, HAK Y
THAARE 7 B, ATLVERISEH [1eV,5000 eV]
PR TR, 5 0 (0 i 22 ) AR/, (R I S H 2% 18
SE- w37 X JA] 95 BBl [100 eV,4000 eV, 16 58 51 i L 2
T, =50 eVAb, % 5 it o B R0 1 T H 50 45 L SE BB /Iy
14%, 7T, = 30 eVAE B &2/ 37%. WA 54 5
TR ) m 22, QL 8 BT, B e vo Y G VR e L,
SHEE 8 2 22 0.1~0.2 eV, 1£50 eV kb % ik

20200181-6



s Gk A2

#1148 www.irla.cn % 49 %
0.1 FI] 1.88 eV, B IX — T A5 Ok 114 i 55 It e B AR X S
70(1) Pl 1 TEMES 3.7%., KW, RPN ZIETERITE
_ ‘ |/ Energy intervals used in calculation | R DA M 1o DX ] 47 381 B K, 76 AN BE A A 1) DX 858, S
02 | mE =1V, E,=10000cV
S 03} | — E=1eV,E=5000eV ] 17 BRI BT LURN 42 0 O 2, 3K R A ok YOk 25 2D
| E,=100 eV, E,=4 000 eV )
0.4 | | /Tﬁgo
05t | .
06 [ | ] 4 AHEESH
R A (1) AR SR [ (B0 A B R IR T

MR UL SR 21 R Ry (E) . FXRD ZR G0 L] R
B BRALK/IN S| 2RI r N UEAR AT Z, S8R

7 FXRD AR FRERE X )3 R w22 U,

Fig.7 Deviation U, due to different energy spectrum intervals of FXRD

e FEWAG AR A T AR A R SO S 9 o ) A
-05 | 0. FXRD Z 4t L pR 4 i1 8 Frifs o %2 R (E)FT B A
ol | j M) I3 3 Roce (EDURE 5 71 53 3518 1 A W 2

5 a0l _ B B S B AR B AN R,

S st 1152 0 T 45 B R B 2 B A OR 1O R

o JEE SRR A AN T | LA R A R ) A 2
I L e e e e s . BRI B & 102 FR.

0 50 100 150 200 250 300 SR A B v 3 SR 5 ) 7 R B0 AH B AR

ey . T 22 (SR LA A 2 1 2 s i 2 P

8 FXRD MG ARSI AL PR R A0 48 SR I 22 S TR S JEEL 2 4 I 1 A B AN B S 35X — 34 B LA

Fig.8 Radiation temperature deviation caused by FXRD low N Ly = .
£ P Y AR AN S 2 A6 20U L S S IR Y BB S 5 BT e

temperature radiation flux processing
®1 EHRBREAREERRLSE

Tab.1 Summary table of sources of radiation flux intensity uncertainty

Category Components Source of uncertainty Uncertainty of component Comprehensive uncertainty
Voltage measurement noise 2%
Oscilloscope . .
Verification accuracy 1%
Measurement Cable Transmission loss 1%+1% 3.17% (changes with T")
Attenuation bias 0.3%
Attenuator
Verification accuracy 1%
Calibration accuracy 2%
Neutral filter
Face uniformity 2%
Calibration accuracy 2% .
Calibration flat-response filter 8.9% (changes with 7))
Face uniformity 1%
Calibration accuracy 1.5%
XRD
Face uniformity 8%
Algorithm Reduction algorithm Response flatness 1% (peak) 1% (changes with T,)
without reduction algorithm Response flatness of F/M-XRD <15% <15% (eliminated)
Aperture punching accuracy
Solid angle 0.5%
Mechanical Distance from aperture to target 1.1% (stable)
Angle Effect of installation angle on field of view 1%
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