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DESIGN AND EXPERIMENTAL STUDY OF IMPACT
FORCE SENSOR BASED ON MECHANOLUMINESCENT
LIGHT INTENSITY RATIO

ABSTRACT

Impact force sensors are widely used in structural health monitoring,
aerospace engineering, industrial equipment supervision, and human
kinematics. They play a significant role in optimizing structural
performance and preventing safety risks. However, traditional impact force
sensors often rely on contact-based measurement methods, which limit
their applicability and make them vulnerable to environmental interference.
These limitations reduce both the convenience and accuracy of such
sensors in practical applications. In recent years, the emergence of
mechanoluminescent (ML) materials has provided a novel approach for the
development of impact force sensors.

This paper presents an impact force sensor based on the intensity ratio
of mechanoluminescent emission. The sensor generates instantaneous
visual optical signals under impact. Since light propagation requires no
medium, the system enables non-contact measurement. Furthermore, by
establishing a relationship between the intensity ratio of two emission

wavelengths and the impact force, the sensor exhibits enhanced resistance
1
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to environmental interference and improved measurement stability.

This study focuses on the design and experimental investigation of an
impact force sensor based on mechanoluminescent intensity ratio. The
research includes the following aspects:

(1) Preparation and spectral response analysis of flexible
mechanoluminescent films. Using polydimethylsiloxane (PDMS) as the
flexible substrate, various ratios of ZnS:Mn?*" and ZnS:Cu?*" phosphors
were incorporated to prepare films with different luminescent properties.
The dispersion state of the phosphors in the PDMS matrix was analyzed.
To accurately measure the luminescence intensity under different impact
conditions, a drop-ball experimental platform was constructed and a series
of tests were conducted. Spectral analysis showed that the peak emission
intensities of ZnS:Mn?" and ZnS:Cu?** exhibited a clear linear correlation
with the maximum impact force. Based on these findings, a
mechanoluminescent intensity-ratio-based impact detection method was
proposed, offering improved environmental adaptability and interference
resistance compared to conventional techniques.

(2) Design of the mechanoluminescence intensity-ratio-based impact
force sensor. This section introduces the basic working principle of the
sensor, and explains in detail the processes of mechanical signal acquisition,
signal conversion, and data processing. Key technical points for accurate
impact force detection are discussed. The design process is elaborated from

v
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three perspectives: optical system design, signal processing and display
module design, and mechanical structural design. By integrating
theoretical analysis with practical implementation, a systematic design
method for ML-based impact force sensors was proposed, providing
theoretical support for subsequent experimental validation and
performance optimization.

(3) Experiments and analyses of the mechanoluminescence intensity-
ratio-based impact force sensor. A prototype sensor was fabricated, and a
drop-ball impact testing system was established to perform controlled
calibration and evaluation. Based on the experimental data, a linear
relationship was established between the voltage peak ratio and the
corresponding impact force, providing reliable data support for calibration
and practical application. During performance testing, the response range,
sensitivity, and repeatability of the sensor were systematically analyzed.
Results indicated a good linear response within the range of 24.8 N to
216.6 N, with a sensitivity of 0.00178 N™'. Repeated tests showed low
measurement fluctuation, indicating strong stability. Furthermore, the
effects of varying measurement distances and ambient lighting conditions
were investigated, demonstrating the sensor's strong resistance to
environmental interference.Finally, impact testing was conducted in a table
tennis training scenario to evaluate the sensor’s practical applicability. The
results verified the feasibility of using the ML-based sensor to assess strike

v
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forces in table tennis, demonstrating its potential for athlete motion

monitoring and personalized training evaluation.

KEY WORDS: Mechanoluminescence, Light intensity ratio, Impact force

sensor, ZnS:Mn?*, ZnS:Cu?*
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S, TR R A EPHRERT BIUERERE,,, M5 R R
RIMBRE L, (XBEEN TEp 2 E ZRRIFEBF T #R0E . ks 2 =X(1-11),
AT HEE 2 RE R DX 1] PN AT ARORE TR B B i BN, 9
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E
N, = J. ZNyexp(— ZE)dE = Nylexp( — ZE.,) — exp( — ZE)] (1-12)

Eth
RNEE R B NI, TR e . A5 W a BRI HI A T B
DHAREE e R 8, WAEe KR T, FEPHARRE FERae. BEBIHAR LRI PG & fe it
HLT B, AT 9D SR B R (8 2 A (B B B BIHER A2 M ave S BORE T B B
HE, WKGEAK1-12), -
ng = Nolexp(— Zaey,) — exp( — Zaeg)] (1-13)
Horbrey, MR A A BUR G /NS 79 . A2 SRV EAR IV
W, Zagg MZag¥ BN, FLAR(1-13)m] LATE A

ng = No[Zae — Zag,,] (1-14)

WA RA-14)M5 515
dng = NoZade (1-15)
Wt A RA-HFI IR JEE H, 7115 1 BUOCHA SR Y, 8 08
V, = rxH (1-16)

BN O S TR, QR BOs AR (B o8 BOBGa i XA D A

HOOE B T4 TN YIE TSR BHARE,  TAT 43 7 AR Y B BN 9 -
Ny = nrHON;N;x,[1 — exp({t)] (1-17)
B AaRA-10A1-17)iF A A X(1-15, FTESH S B ERE R g
_dng  mrHQNNexoZago§

9= = 2

)i 7151 J1 B0

TR TR, WS A BOR T R AR LA n ] RIR
rHONN, xoZagyét[1 — exp( — Et)]Y? exp( — &t)

[1 - exp(—EO)]Y2 exp(—&6) (1-18)

An= gt = > (1-19)
A ATU(1-19), WIS SRR N RIS R N -
J = 9gtqvg (1-20)

Hrr, T AT, vy NIEBEE . 27 i B R oy, NSRS
FEit B vg = pF LA K (1-20) 1T 245

J = grquF (1-21)

Wo ABUKES Mn? 8L Cu? B T Re S U SR A, Tin, APEUKES Mn? 8L Cu?
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BT RVER, RS TR T A B BT, W TR S M e Co*
BT RES TR A E R R TR IR N .

R = on,gtue (1-22)

AR Mn? Bl Cu 8 T I ROEIEIRACE, WSRO s L TR 2

I =nR =non,gtue (1-23)
AR AT P AR IS 3 5 B e ] bl DA A U3
e = BQ = Bdp.A = BdF (1-24)

Hrb, BAWHIR T, QuEHEAEATE, dNEERE, p NRIEITZEE,

AN ERRE ISR, FOufERAE S A LR 770 K2 R (1-23) A 2 (1-24) H 13 21

[ = non,gruBdF (1-25)

H 2~ (1-25)m 71, RIS RGO T, AOtHmE T SR

i IF 2R R B MR AR, At 2 HE R SR AR T
S fdi JIRAN

1.4 BT DB pHE DR RSMRIR

AR, SR RHE pph DA B T T N FH 2 2 T T2 K. 1B
— BRI ) AR B, BT T BUR Il A R3S A5 T SRR e SR R 4T
RIS S, s RO AR 55 o 0 B80R ARk i MURORI M B A5 5
M2 B B J I 2 S RI R, AT IR T 5% 7 6 RIS A I 04750, 3 o S et o
SRR AR AR 5L T DI BUR G el J A% R A PT DLIRTE | B S st o SR R R AR
T TR ASNE 5 HE IR B b F I (7] o

CARANI 25815 1 7 —Fh = IR 45 M (b o itk i8éds, Wl 1-7()ffim. %
FRIRAS S5 ZnS:Cu SARERN MRL,  SLBL T bl AR s S, &
Bt R . ESERI AR, SR B IR N E ML R, IRLE & B
T 1A T RS S REAT TR, B 1-7(0)FR. LIRSS R, AR
Stk e SR P e I S T LA v o A I AT 0 R S T AT it b b e
JEJJFEE Y 100 kPa % 200 kPa, A& ERAEMELE & AN rhdi 56440 T 7 AR € H WA
MfE =, B 1-7(c) s, MIMRAIE T HAE S & 251 g R I i LAY /0. it

11
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Gb, R VEHIN, REREE T 5 il R ) AR I = A e, ] 1-
1A~

(C) 2 125 : : : (d)
® 100f ——Sensor Signal |
o || ® Experimental data .
S orsf 1 [k~ Linearfit | ’,!’3'
2 osof 13 -
% 0251 1 Lot e
£ © e .- R’=0.9685
000 g -
250 T T ; ] @ 050}
I = Impact Hammer; el
o 200f - 1 5
x ]
S 150f 1 5 025}
5 100 ]
" .
S S0t . 0.00 . , " ,
a 0 50 100 150 200
0 5 10 15 20 Impact Hammer (kPa)
Time (s)

&1 17 S5 Iy ROk ke
SHOHAG “5UMRIE 7 —Fh s, ARSA I HIERAR, 8k 80Ok
BRI R, M T AR RECHRVER S L&, ikl 1-8 Por.
ZNVBURO G RN F AR A AR A U A7 B A 75 SR s, i 1-9(a) . 4%
R BRI 1, AR T S8 6 B B 2 RS 5, R
A N e ) AR R TR N . AR RS R AL M BMIR A 11 kPa IRy, A
AR RN T FEL AT 0.095 kPa! ) RESE, W1l 1-9(b)Fiw .

Energy level (eV)

Perovskite Spiro-OMeTAD 2ZnS: CuIPDMS

f & @ gy P

Spin-coating Annealing Spin-coating Annealing Spin-coating Spin-coating Annealing

1-8 T I BUR G ISR e A% IR i A E R A
12
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| —e— Expenmental data
——Linear fit

45-
s 30
<
15 $=0095kPa"
R’ =0.9907
0 |
Laptop Dynamic Mechanical Analyzer 0 150 300 450 600

Pressure (kPa)

B 1-9 3T JIBUR NI TENE TR 345 A A s B R S 4 7]

sk EFR TSI ZnS:Cu S/KBIRR ARG, MR A 5 I RHR A
S BAR b, file T — PR RS, W 1-10() . thAh, BRTHIBNE R T
BAMpE SR G, HAEE R EWE 1-10(c)fR. SRR, (e HR
M D AR RS, HExt b R 77 5% BRI SR BT T 07,
B 1-10(b) s o A FH S M P 206 ZnS:Cu 3550 6 R IR 6 2 7 P R AT
THHIL, IR T HBhaShr e ik, Sz R MR RE 5 s R 5 v 3 3 it
T E SIS .

(a)

(b) » Experimental data

1.5 —Fitting line

U,,=0.620+0.143p

Impact pressure/ Gl a

Power suppl:
(C) pply

Bullet Laser emitter Mechanolimineseencs filin Oscilloscope 2
:
=]
[ ] - thodetcclor =
3 0000

I i I

1 | ]

| | 1

| 1 |

Oscilloscope 1

(=)
Opncal fiber g
O

Target O O

Gun barrel Flyer

Receiving end

K 1-10 F:T 18Uk 6 R T seie )
SHARMA Z:UHE 6 ZnS:Mn:Eu A% B 5w % 2 1&(PVDF)IR &4 1
—MEEHEL, 7EATE ZnS:Mn:Eu 5 PVDF KRS, % PVDF i &L

13



LI TR A 28 S

TN 5% 50%. RS R EWE GBI, I8 BRI AGE R
H L feE S8 (PDMS) ABEAT ORI SRS i, ani&l 1-11(a) . X T 8RB
EAE, R T M@ BRI ER AL, W 1-11(b) R . ZAAa S
MG ) ML #E, 1E8 ML AR RS . BEAEs R, 4 PVDF &R 15%
I, BRI S RRE LE A T = LR v, HAOGBREE S i SIS R 1-
()R ZFFEATF R TTRER ML AR %A 3558 1 R hl, Aok n] b H T4 Re e
FRIRES . ST TR 2R G0 R A I B R S5 B Ak

NE T

Transparent polymer matrix ML composite

Phosphor Powder

(b) (C) hatad PeTeT— - Scm
A | =
3 e
H 4 H
t |
§ 1000
ALIO 300 350 600 50 700 750

Mechano-Luminescence

3 g
Black Shim s e j
Transparent PDMS Film gu -
ML composite Sensor Matrix 3 ““‘!
PMMA base disc < : -
Aluminum Cup shaped structure } o

SMA connectorized thread to hold fiber Loned
. 600micron rugged optical fiber

1-11 B HBUR G H s R e L)

NoOwnswNe

0.000 oeas o8
Time (seconds)

1.5 IREXEMRRTAR

1.5.1 fARENX

TIBCR IR S I b i A% A BOR WA SR AL T — R i (¥ R o A%
2 ey 0 A% TR A S B S P v DR e G0 Ty 5 S0 VI L 2 PR TR 5 52
MmN AR e v, AN AR 1 A% R Ao Y AR fEE R 5 00 Py R B
HMEZ R, BT 1800 I b F AR IRES AL 52 B il I e % RITIN 7= A2 rT A4
RS, BTN T Z A, R RT DASEELR A &

S T ORI BHE b AN U 78 7345 2 2 AT, (EAR Gemt 7E i
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KB — AR AT D&, O T 48500 AOGRRIE, o BN R
B MRS AL B IE AL B AR ) HISAM, SN AR 2 Ik B AR 052,
NTERRX AN, AR — Pk PR B CKe5im EL I b ol 4% 14
255 DU T EOR, IRt BRI a1 DB E S ROV AE 5, A #
WSS SREEAN AL B P AfAS [ 4 ROt s B I B T TH R F s b, 325
R ELS R U EMBUE A RIS R E B, () feg Pk . 3
M 78 R AP T ARG R LUAE B 7 VR B B AIR 1 AR A R s, $iE
i L ARIRAR AR E I S B A R HER T . X R T 1B A S DA T
BORBEAT b 730 B R T AT PEAN L3, D9 T ORI RPRHE b o 77 4% Jas o (1 S B
AL e s

152 ARAE

AR A A T 3T B0 B it S R3S, R T U
FEBHES SR B TR W s 1 B AT AT S5 05, #E3h T 3T 80k e
HL ) A R B AE el A R R S . LA S S0

(1) 3550 ) S APk 5 1 1] 5 15 e 7 06 I 0 7 0 S B 70380 3o o5 S (R TC. B £
ZnS:Mn> il ZnS:Cu* KK A5 % = P IEE R E(PDMS) IR A, HIEAF R G4
PERIZEERIE, JERS R AAE PDMS LS 94 BOR ST RN AT N T
HE T B ST VR R R b o 4 R IR RO TR ARk, 5 T — BRRRIC R,
I 2 G AT S o T 92004 SR — R T R O R LA R el
W7

Q)T HIEUR R HL I ph s S AR RS IO BTt o ASER A i b ot ) 1 ks
IBEARTREL, 0I5 SRR 5 S S B A B P AT Ve 3R
S WT A RS SRR B o ot A (0 BB R BR ST . ZE BB IERE E, 2 B AOGES
ARGV A5 50 BoR BB DU ARG H BT = 8 BRI A%
R R AR 77 R S eI

()3 TSI BRI B IR b o A B IR S8 S5 00 T o AE A% S B M T 3
fili b, ASHEFHIE T A B8ORS R B i A% RS RENL, TR — RIS
W FEIAEFL VRS . BT FE A/ NER AR PR SC IR B, ST A S ) T 42 e o
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W, FFPEAREFT A I VAR P 5 b o JT BOAR ORME o ARAEIREX A S B0 A, ST LI
e 57 bU 5 ety 70 2 1A) ) 2 PR S A R, e et )t — 2D b 5 1 P S A i )
B EPEREVEALFN B, RO UL KA I NV T . R . B R VEAIA
BT aeg
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£ 28 NHACERNSF ST EER N

ARFSEIE T PDMS AFRIANE] 1 77 BUR K Rl 46 71 8O e SR MR
ML 2R, FFaE 7 00 o vl i 2 (0 ST £ o e i R SR Ak T Y
PR TR N, SR T R T I BURO LR FL R b T I 5 vk, R 1O
LTRSS AN (R0 B2 e 2 o) ek g e 0 PR 52

2.1 DB SR MER S &

il 2 1 BUR IR R ) S B8 S e g AR WK 2-1 P .

K 2-1 I 2%

SRR S & AR UtRss A
RS SR (PDMS) Sylgard 184 FHEERT
ZnS:Mn2Fy K / RS
ZnS:Cu*" ¥ K / Hh R
HF R ME104E ity L AR - FE R 2
REHL SpeedMixer DAC 150 iR B DA R A
HL PRI B 2 TR AR DZF-6012 b ERE A R A A
AR T BB (SEM) S-4800 ERNERA

FEARBEF T, G M EAOCEUE I BRI AR ZnS:Mn>F1 ZnS:Cu?*
VENIBURO G R BT, X P AR FE R iR E & ROoute e HE R M
U R s 83841, gl vz N S8 R T4 . A T RER MR, EHT
PDMS E 5481k . PDMS H A& B G20 B PE L 38 B s = AR AR R
IAEVIARSNE, B2 T 80RO G I 1 i %

TIBURNCFR VMR B & WAR T, B BRI ZnS:Mn> 4 A A
ZnS:Cur My Ry MM T % 1 (6 g ZnS:Mn®") « HE 2 (4 g ZnS:Mn?"Hll 2 g
ZnS:Cu*") . HE 3 (3gZnS:Mn* 1 3 g ZnS:Cu*") . HHE 4 (2 gZnS:Mn* Fll 4
gZnS:Cu*") LA TR 5 (6 gZnS:Cu*") MLFIR G HIXEIR G JGH K5 PDMS
SRR ELE 1. 1IRE, FFMARE{LF] (PDMS 5 EFILLE 9 10: 1) . @
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RS HUR KT PDMS IR & 157, 8% 3800 r/min, If[E2Y 30s, #fifRiXLe
¥R SIMI 3 BUAE PDMS o B IR A5 1S A MORMEIN IR AT (R 5 TEAS L
1, NEERN 6 cm, RN LS mm, BIERMEROMEL. KHEEME
MR B T BT, BT LRSI, JETE 100 °CF In#GE i 2 /)
o MILERIG, BATBEL. FERIAZIEET . 249 30 R R i ] 2-1
P

B 2-1 HEURCTIEHERE (ZnS:Mn?*Fl ZnS:Cu ¥y K (15 & Lk
MBI 6:04 4:20 3:30 2:4. 0:6)
K 2-2 TR 7 IABC LT SRR SRIEHER K SEM K. FTLLEH, ZnS:Mn**
A ZnS:Cu* I BURICRHURIAE PDMS 1 HAT R A 0 18 o IXRh 21 opAidd e 1
M IR SRR, TSR R OGRS, 2 PDMS 2 2SI
PRV, bl RO R A% 2 D BUR I R, AU R G R

Kl 2-2 HFECRCHE A SEM B (a) 7% 1 (6 gZnS:Mn?) (b) J7E 2 (4 g ZnS:Mn?*
12 gZnS:Cu*") (c) HE3 (3gZnS:Mn2"fll 3 g ZnS:Cu?") (d) X 4 (2 gZnS:Mn2 Hll
4 g ZnS:Cu*") (e) HE 5 (6 gZnS:Cu*H)
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2.2 REEIEN RN E LI F B iEE

TIBUR MBI I 5 R AE J7 VAT AR HE AN 5] U  75 3R 70 A BE A0, e 4
PRI, e 5 25 RS, 7 IR Bl R B DL R e e AR P4 . R R
WAL BE B ALIEAT , D AR T DU 20 BUROG R 665 5 AR,
S BHESZ F1d R I Bh A A7 R, DA PPAS A4 R i R SR R A B i R A M 3L
FEREBES R E R I o R MR R e Rt A ] e i s, il b
BHESZ i B B 8RB, it RO 5 iR b o i 5 2
U8 By ies PSR, i 22 D R A B A, DL HAEAS A R JRES T
TBRICIG . Ho, H A T HF A RE RN SRR R RO, T2
PR S D ) - 25 o 2 et R Y R P B2 T o e 7 R 0 X 75 I s
AR IGRLT, DL FUMORME s IR 3 2641 T I I BUR G RE, %77 1E H
TAOU RO R AT 953 B o e X DU e et W 1 Ak i o 96 ot 3 T T 38
RINNBURNAS T, PSRRI s g ma SRR . BRI, A F0R A V& RS2 50
SRR R G REREAT & B &, DAVPAS R M IRAE AN [F) s 70 5641 R DGR
1, Hs2Ee e B AN 2-3 Fros.

HL i

% WV 52 JIHR AR DR

B 2-3 ek e o R ST
M seie T G BN R GE BT R TIBUROCRMEE R 6
R B AT NS5 o /N BRI ol R e A BR AR /D BR Ot i 32 g5 ELA% 20 mm)
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IREBCR B, JE I R FL R POE T L, SEEINERIK) B R FUREER K RET
e L AT LIS I ] 7 SRR, PASRBUAN [ o as JD i SEBR 2 AF o JeA REER B
LR TR A BUROERAE AL ph i R P I RO E 5 . I3RS
XRICAE TR, Segn e RIS gk AT

2.3 RMESERER T ST

AHEFCRHDE A E NI E TR, REFEN 32 g. HiE 20 mm FJ/MERN
NI e BE b i SRAME TR 1) A BUROE GRS, AL /NER i 71 5 I EUROE R IR AR
FENER NV T 5 AR R AL B SRR R R, iR Am, B4R /N ER DL
PIUGTE v R B I, 1287 e e RS, AE IS TRIT P, o B e 4 ) e KRR
BEI AN ER A B R R % o ARG AR T, /NBRGS St B ) e Ky ) Fpge PT RS
PAR 2 5 5P,

2mv
Fax = T (2-1)
/NER BT GG b B ] B E VR R Ie B R T A 2
v=,2gh (2-2)

Horh g N E I FE(9.8m/s?), b N/NERE BV AR
24/ INER B o 3 B v 5 VR T 4 PR IS 1) T 22 ) ) A8 A0 A T el 2 3R P2

T = 3.23p%/> (2-3)

v1/5y2/5

FEZARA, p N INERINEE(7.64 g/em?), T Y NRIEHIRIZ KR (5
IMEE AN 4.5 Mpa) o« RIEAINQ-1). (2-2)F1(2-3), A LAor HilitH 5/ NERTE AR H
e P AR e R B R R I PR e K 00 3R 2-2 A T Rl R /N
(el B S e Kb T R iR AR, JRAF RS R B R 0.5
cm, J H SRR ORFFAE FRIE 2510 T, DL G S G TP 45 SR i 12k
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22 Ml S RO IR AR

JNER TR B 5 E (cm) b B (m/s) R JI(N)
20 1.98 57.68
40 2.80 87.42
60 343 111.52
80 3.96 132.52
100 4.43 151.60
120 4.85 169.02

FE G e SO B SR AT 6 b, AN [RIC b6 ) BUR SR 1t I AT i
KNG, BETRE1 (6g ZnS:Mn*") FITZE 5 (6g ZnS:Cu?") LML 6L,
W 2-4 iR .

(@) 300

(b) 350
——120em

250k Zns: Mn* - ——100cm

Hafta)
— — =)
[ (¥ o]
=] =] [=]
- -

Lh
[=1
T

910'0 4):{] SUU SD:U 5{.][] 5;{] ~ 700 ?IU'U - 4;0 5{.]{] SD:U 5[.]{] 50 700
E 5 (am) {# #(nm)
K] 2-4 YRR GIE (a) ZnS:Mn?* (b) ZnS:Cu?*

ME 2-4)r LR, SRR & B AR ey, B e R,
FNEEE GG R B B IR . ZnS:Mn> B R FIEAL T 580 nm fiiT, X5 A
FOCRFE— 2. Z/ BRI R & B B VR I F i AR, HUBRRE Bty
RO RE, T ERIE R mAES . BEJa, RO T BOL IR BIES, JFR
R 0, AT 2R W5 e o BB 8 oy v BE A8 b0, B b o RE R O 52T
ZnS:Mn? ' M BT FriCR i T RO 2, NG 58 1 20698 . Il 2-4(b)
RO, Bl R e BGOSR 1 9 BB HNE K. ZnS: Cu? )R 1
BT 520 nm FifE, SHAOCHEFRAAHYIG . XN Cu & T 1ESNIEH]
TR BERERITAT K o BEAE oy BRI N, BE 2 Cu B TSI AN BIBOR A,
FAE [ BRSO I RE R 2T
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N 2-5 B, ZnS:Mn* A ZnS:Cu? S 5 (U A Ot 9 5 /N Bk K
H I Z AR R WENEL R WG IHZR] W, ZnS:Cu Z O i (1)
m SN R, HAUA ERRRRE K. Ak, fEMFERT SIER R, ZnS:Cut 5
P S 1 Y T AP 58 P KT ZnS: Min? 2 1 VR P 06 T DR {9 BF , SX SR ZinS:Cu
MORME DI BUR S A5 vkt b o B B (R A0 R B

300 = 7nS: Mn*™
e ZnS: Cu*
El
=200
B
ez}
fm
o
100
0 L L 1
40 80 120 160 200

Bt AIN)
2-5 ZnS:Mn2* Al ZnS:Cu* IR IEAE 58 JE 5 i Kt J1 4t ok &

AHF 7 A AT T 5 % 2(4 g ZnS:Mn? 1 2 g ZnS:Cu?*) . 7 % 3(3 g ZnS:Mn?*
A3 gZnS:Cu*")  HE 4 (2. gZnS:Mn* fil 4 g ZnS:Cu>") [ S8R N Tk i i
FE/NER 100em =15 N B OGS . il 2-6 Fros, XL 5 s g A~ 1]
RHIREE, 2 BIALT 520 nm (856D 1 580nm (FEL10%) ik, K ZnS:Cu®
H ZnS:Mn>7E 5 A W P 1 R O 5 H A R R A — 5. Bk
B, 24 ZnS:Mn2 A1 ZnS:Cu {) & HE oA 2:1 B, B8 20 K 516 (580 nm) i 25 ¥ 53,
17 2% A S (520 nm) AR S5 o XFPIL SR BT ZnS:Mn? TE =Rk FE N AE G
BHEME T2 M2 ROEH O, R LI /N R s R A RO R . B
% ZnS:Cu BN, SRCIEM TR IR . SANNEIR T LLE Y, XFE S
AR IR R 1 7 A b ek 5 016 016w Py 17 08 o X R T W ROt AR R 2R AT
TR G, MEVEMEIRAEL, JIBUOE RIES B B AR A BT, 1
TROURL (B3 AR EL A ),
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300
PRSP TP
200 |k Mn " :Cu~=2:1
100
—~ 300 [ [ [ ]
o 2+ 27
% 200 Mn":Cu"=1:1
=100 |
300 . 1 . 1 . L
200 Mn?":Cu*'=1:2
100
0 » 2 »
450 500 550 600 650
#(nm)

B 2-6 A RIFCEL N 1 1 BUR e SR IR IR R e e 1

2.4 TN LSBT RN TG A

AR T B GO S B AR, RIER T R 3 (g
ZnS:Mn**fl 3 g ZnS:Cu?") HIZEMEE BT IR GE . WK 2-7() R, 1E
M 20 cm % 120 em AFEEE B, Lot 7/NER T g SR R bR
I e RO HE . Seanah W], i JIBEE S BN R R, I BUR G R
ZI5E . EARERAN B, @I 520 nm A1 580 nm Kb GG G A 5 L AT RS R U
B, ATESLOGRRIEAE H S b ) Z TSGR o X BRIGAE LL A kAT T A
[ 41, SUER B RIE RN : Y=1.09882+0.00188X, Z& M4 & WR?=0.98849,
N 2-7(0) i o %K FRAEET PP A IR A LG R & e s RNl 7 — b
W, AT ZnS:Mn2 M ZnS:Cu> X & 6ROV, SEBL T %
771 e R
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a) 300 b)1.45
( ) 520nm }33(2111 ( )
! _— cm
250 | Laob = UEEE
: — A
200 |
— 1.35
5 H
[+
=150 i
o3 =
et & 1.30
100
125
50 .
1.20
0= . . : . . .
450 500 550 600 650 40 80 120 160 200
P (om) g R JJ(N)

Kl 2-7 7% 3 (3 g ZnS:Mn** M1 3 g ZnS:Cu?*) HIZRIEME (a) AR /TG RE m
(b) YL (R bL 5 B Ry JT 2 SG &

2.5 LR KM EE X i o 1A Y 20

TIBURICEARNRL AL s TR P S G TR SR - SR R A e 5l
T BT B, Rl § G T, R RN A e S AN B R
DKL, ASHE FE R Ge 0 b 1 LT IR K 5 SR A v e 18] AN [R] 00 B2 8 8 o o6 1% 50 52 i
FERTIISEER T, 03 TOCEF R BSRAEE L 0.5 em ALHDGIE Bl . B JRR#R Sk
PREGIHRE R 1.5 em A 2.5 em, FEIENER AR BT T s Bl 51 B RO 606
W [ 2-8 JEIR VO RSKERFMERMNR 1.5 cm A1 2.5 cm ALRDGIERHIE. SEEngh
REW], BEERK SRR B N, SRR DS 5 5 IE 0 .
X IR A TG AEAR SR R 2L B AL, RGBS TG
A R X e o IR, O RSk BR B SR R B, e eF RS R RI ROt
HAT AT AR ) 3 BT TR P PRI 75 B PRI, R 8RB B O 5k 55 o

300 300
(@) — 120ea] (b) —re
250} —— 100cm 20l ——100cm
—— 80cm —— 80cm
200+ 200 20
—~ ——40cm — 520nm cm
3 580pm—— 20cm 3 : ——20em
5150 580am 150 sson
S ) 580nm
100 | 100 }
50 501
0 o N N N 0 et N N N _—
450 500 550 600 650 450 500 550 600 650
Fi(am) Ft(nm)

Kl 2-8 ANEPDGAHRSLEEE ARG (a) 1.5 em (b) 2.5 cm
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S ICEF RSk 5 Sk AR =N A B B SR AR 1 i B AT AL B, 733 T &
2-9(a)H L — K} ZnS:Cu? I L X 5/ N sk R IR R, BLK
] 2-9(b) ot SR AR L 5 /N BR R i JT 96 F o AN AT LA AR S 2
Xof WA 2 0 S B AR IR o R SKERIT (0.5 om), Yim Bk e s FRSKERIZ (2.5 cm),
JEERARAR . X2 T HEREE RGN, BRI B ROt 3 X R R UL,
BT AR R B 757245 5 52 BIBRK R B K S0, 7 BRI A i R Sk
SR ROEE T, B RS R EE 45 R TR AE . AHEE T 2-9(a), 2-9(b) T AR
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