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Effect of Optical Interference Notch Filter on Plant Growth
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Abstract

Under the irradiation of blue light, some
plants will grow at a lower rate than in the natural
environment. The filter we made has an average
transmittance of 10.4% in the blue light band
(450 nm~500 nm), which can reduce the blue
light transmission and increase the growth rate of
chrysanthemum, tomato, lettuce and other plants.

The design of the notch filter film layers
uses the optical film software Essential Macleod,
which mainly performs the cut-off filtering at the
wavelength of 450 nm~500 nm. In this study, a
dual electron gun evaporation system combined
with ion-assisted deposition was used to fabricate
a blue light notch filter. Fifteen layers of blue
light notch filters are coated by using the

combination of low and high refractive indices of
magnesium fluoride (MgF2) and niobium
pentoxide thin films (Nb20s). Development of
this optical interference filters could help
increase the growth rate of certain plants.

Keywords: dual electron gun evaporation, notch
filter, ion-assisted deposition

~ \pd B P b

P EX AT FARE ¢ BER
KA ok BRI P R L R i &
S 5 B o 5 6] £ 485 71§
SRR S S SR U A
IR R RBRIEET A FT A g EAF AR
ket LBRT fF F AP R[] 55 A
FenpE g s R T F(FEDN L AR B
FAFHEEER N LA T A eh ) I
dhiig 4 £y L b4 BRI A

I EfoR T A G Toem B LA § Pl
Pooph 3 pET o bhEoiE 4 £ oo Y 4R R
3 ’.éi?—?ﬁ'fr?’— :Lg%:".% % o 'EF F Frd

s H- adh e E o b 4SpE o 2
gﬂ%fy\%{a'}i—ﬁ@j‘ AR A AR
24

Mofp g cnd TR RIBE T2 T8
Tedt ez B e B b 7 g7 0L o S4IR 5
1982 # SmithR]F= 5 %~ #3] » L H ¢ ¥
BH A EfrU AR AR AY AR
P p AREIE A AR LR
0 APTEA L LSRR 3]
av.}i'lf]'m)fﬂmﬁ 2%"4_ ﬁéﬁ pind F}?—;;}gg

FRHETLARERG R - Bt £ <K
gWCJ%c o if AL 1747 i i B 0

o

% ?“
m\ﬁ F_L



PRETEEL F TR R S DG T
APE o bldef BB 25T T 0 vk )
]:"\'/T-J'gl\: L ’l%%%‘g&]%[4]o

e S LB L

et £ 25 B *"hﬂ[4] -2016 & Miyagi
FA[b]i 1R RAEDPE f%’*

Hoagland ghfie * v C0: (1000 ppm) 7k
b 3 FenfmT oo % 4 (445 nm)
(660 nm) % BR Bt 4 3 end £ ol Btk T
T Al L T B EN P yl-,lc
HRE IR Aty 7 vh s ,zc‘@:_f_ﬁ
At sk S e 5 L e R
i'?vﬂfr?xgh‘g‘i%;;f{r Y NI N =
kB F kel R BT P B2 R
kApt o BF é’ X5 7] F oo d irmv}ﬁrg
B9 frd § KK HF B R
Bp ARk o F H AT ;B{_mjfg
L—fra‘a»r“‘ Vg kAR R g B
| e @ f Ao m;rv'oﬂfr'i B e
e AR T A ART S R
S % o & kR I 4
EF R R ES oA F LA B
FERHWHF - hoacfod B2 £ A
m,l}‘]tLi\. ,sta’@%ﬂm_ .;ﬂ»_;},é,, L
ﬂ&ﬁwﬁqhiﬁJ*‘ﬁﬁ#m

o

B
é:

e

2y

ﬁs‘::t

2,

!

o

RO TT B
@ﬂ*ﬁﬂmmm

\v.\‘.. H';\ELW %‘t ‘a; ) «;33 F_L T 34
*»&ﬁ'rﬁmg

1 week

3 weeks

White

Red
Bl 1 % FRpEHEF AL D
- ‘pi._%
2.1 %8 A gk PR
R A &) A = S A R Sl e
AE P RP B s R LR 2 R LR

SN NS SR RV L PR

-

2022 % fA1D AL FIEiH TS R RAFH §

’B‘ ’E/J’t“’\ £\ /F i % ~EAT 1, mh‘w}i/@"k o
R A& B JE w4t # Essential
Macleod[6] » i & %4 & 450 nm~500 nm &
Wb e e B R A TV 4ET T F L 4e
(MgF2/Nb2Os) (8 5 Mg 376 e & >33 0 -
B 40 4 5 (MgF2/Nb2Os)’ MgF shjg % &
Bk £ 480nm FF o FEEF G 0.7% 0 Hxhk
HAoB) 2 o e

100
80 H
80 H
;? 70 H
g wf
=
£ wf
P
=
E a0
F
20
10
%0 50 400 @0 500 530 800 ©50 700 750 @00 B%0 800
Wavelength(nm)
r]2 Jofmﬁ»dﬁv'o”&”g@%%;a
22493 2
s ERCEEM A BB T Peafid S N e A
<GB o e S Nk
gt A GNRRT oo EE Y R * AR
F AT R ORIl B A R
Hix B Ak @ b oo

®F oA ( Physical Vapor
Deposition, PVD ) §_r2 4= 78 # ] & i& (7 & 538
B AW R el R4 o) b g
FIAP Feofp gt Mo R PIFS N7 LG
# 4% (Evaporation ) ~ 4% (Sputtering ) ~ 4 =+
& % &s B4 (molecular beam epitaxy, MBE) ©
AT RS A EAR U FROR
- i A ?"r%“él“__L J'fé AL fs e H /)Lfﬁ ’&_%’EI;_} °
FRF AR A hf A A
G EBRF AT ) RF Ao ¥ e
RFEFMS MR B THE L F
REFAML G AL RI BTN E
[7,8]

222 %

\;1

4%§ﬁ

i—ﬁ R RAL p A EE AT



M LR, T OB

mw%%ﬂa%%?ﬁaﬁJaﬂﬁ
A I L s
SRE R PR HER T R
ToRBE B R AT 2T 5 - AR

TR e o R FERT T Lo o
%5*«;”:-3-%4}5’;”:j(’wu”’u%wua‘;kg—éci’ﬁ

FE VR Ao BT F LT b A
12meV*=eV 'me % m+%* % V i TkV>
12 3@ AT BE 6x10% km/sec » 4oyt B g
?4%? A R SRR EART

FHFRE R EEHEES S F W9,
1m THRFHELAN §HEFRF IR H
#(Ion Assisted Deposition, IAD) °
223 3+ Wiy

B AR A Y e AR 0 A B
ARG T AR E AL ERY SR
e it (B3 o e4imfl ) o T B0 a0 )
R B R A R R R A
%"4 ;flzwﬁi%%’b‘)r’r?}ﬁf'-l E md’],;;—oli‘*g ¢
AT H e 0T AR B g
PSRRI S SN T AR S
R IR eE "3_7@;4 ~ *"““ﬁ_frd\-/}m%ﬂ 0
IAD ik &% 5 L F a4
Fapd g+ éﬁ%&+¢dW&ﬂ,:

X

B - i

‘_LT#_TE} ;’[’“ ;I% [11,12] °

2 BREEE

ip;%ﬂﬁﬂﬁmWAﬁK%;?W%
Sl 3 et I R A A R @
F e R T kR gk
£ 5 5cm x Scm = A5 B270 .33 0 BB 4
2 mm > 4B 4 #71 o i i Shimadzu 26001 %
HRACE S T ¥R AT RSk Bk E
B %A B 6977 0 B 0k H k£ 469~471
nm 0% %X 5 05% 0 ¥ ¥ A 450~500 nm &
FenT3ad g5 5% 104% ¥ ¢F > €3 450 nm
B Bl 3 T0% o $ R R INA S
3 Rk o

TRk R A B R R
g iTH ﬁ‘xff{}“ Bid ek G 400 nm~
520 nm ¥ Gk Arik K i gk B AN E K B

FP HE »J‘EL«}L""G@ £ BATR Ik i ik

2022 2 A5 AL FIFH T TSR RAEF
B S 610~720 nm ehiz d ko otk R R h %
IR R R B Rl S R
BTt P et 4 £k S 490~
590 nm 5 %k o F Bk pF k- ‘Hl}ﬁ’kur}iﬁ_

- pPERAEEE T RATR R DS T
ﬁ_»,g_«gﬁv;;rr EETOMEEpRASEE

F’Pﬂi:p% it ,}f&”o % s Ak b
ﬁ@f‘]’:"l’_‘iﬁf&”‘-" LRI %”'—"ﬁ Lr‘+//%&/ﬁ»1

tpi3m g B RINVERES DE S LIS B
R BRI ST 2 LR & Dk
AR B RGBS R A B R
Gk E T e R S 2
Tenkppoa g Bvlghp Rk kg
o s 1 Rk PR EFIHETE LR
Pehlp i s S E I » BRI B
P B X gk PR iT £ ek
X EEEF R Ry Ra i H Big
ke ¥ E 5 20em x 20em B A 5 2.0
mme x5 H - ARk R P B RS
S Eo R R G TR E BART AR
A EOFUEE EES 2 R rfed R £ Bt
FE e B FEF gk S o B biEE
- fERE T s wEE G BIRETEREY
MR EAE S T R Koo RIS T
B fo R PFEE 23 4 Bpk FEmRRE Y
NP REL AP EDRE -
L“*ﬁﬁﬁiﬁﬂf%wﬁﬁ“

: *\”*W”‘M$*£*7mﬁﬂa%

P34

2
A%

k%&ﬁﬁ% F R~k Rk T
im?ﬂwmafﬁﬂwiﬁ#m*£ﬁ$b
I

B 3 SHOWA 45"t & 3§



Bl 4 LBFHANFLIGLRE T HES

?’L

\,

B 5 Shimadzu 2600i & 2 4 47 %

Transmittance(%)

0 1 1 1 L 1 1 1 1 1 1 L
300 350 400 450 500 550 600 650 700 7S50 800 850 900

Wavelength(nm)

6+ 3 4 ek i % ¥ 2 15 5

-~ B
F-fifEchd RETNEEAT M-
B2 £ 29 0CH45CLF-§ %i
a&%*&iﬁ&’ﬁﬁiﬁiﬂﬁﬁﬁﬁ%
B PR R R A B
I ¥ ehd F’é Tom g RBE R M AR
é£¢&£m&%’ﬁ#g; | Bt 4r 2
S %f‘#%%a#w b %M.-ﬁ’iﬁrk;i%
I 7 2 iy wof%%éﬂ}ﬂ B Mk
EiEH 4 R AT & enho AT B ik ehp R KR
Borls AR Rk & e
oA a2 £ T Rk RA A

Tk Bk iéi“i%fy_«fﬂ EURCH S E

2022 # fi % Jﬁ R RS R TR REF G
FAES AR REAE RS ARSI
PR F B p ARKERT A Lo a R T
TS 2 L FE LR E S 4 & ol
Pk E AT otk AR AT -
BEREVLEDET BT LR
FRTEAA I RE P PR AL
gl D N SRV IR = Y
RIFEREFDE T o 55 gk
Pw g e

%’ﬁd EIEE S Al G v 87
FE Rl i T A HE TS o oy
hivfr® Eoa Flerdk B 2 2 £ Ffedrd A
RIA S o F R ¥AFERREE I LE I
WEX %P # L FX R R ok
R ET o #iri 2 m/‘ﬂ”‘ k2o Ry "R
mEr < EHS %,}Ezmz\j\’lﬁ&?{},@? I
S ERE

1 ’Eb

* Pt
ARG RRd PEIVEITL
MOST 110-2221-E-035-061 #7% &> 4+ g+ 3% o

R o

[1] g3 > 2% > B8 FHE > § 3T
5& ’*’ft.”ﬂ’;z.kyfé—a-};a’? 2 Hprd |
B ML 1Y 26 B ¥ F H 4R, Vol

28, 507-511(2013)

[2] H. Smith, “Light quality, photo perception,
and plant strategy,” Annual review of plant
physiology, Vol.33, No.1, pp.481-518 (1982).

[3] ® MXE Y3+ F A 5 (2004) A %--Fiac
5 7 Iﬂ_%ﬁa%i?ﬁfﬁ;}dﬂ—'%;o
http://www.bjsp.org.cn/jscg/gg/fqgs.htm

[4] L. M. Mortensen, E. Stromme, “Effects of
light quality on some greenhouse crops” Scientia
horticulturae, Vol.33, No.1-2, pp.27-36 (1987).

[5] A. Miyagi, H. Uchimiya, M. Kawai-Yamada,
“Synergistic effects of light quality, carbon
dioxide and nutrients on metabolite compositions
of head lettuce under artificial growth conditions
mimicking a plant factory,” “Food Chemistry , Vol.
218, 561-568 (2016)

[6] H. A. Macleod, “Thin-film optical filters,”
CRC press (2010).

1 4



[7] J. E. Mahan, “Physical vapor deposition of
thin films,” pp.336 (2000).

[8] S. M. Rossnagel, “Thin film deposition with
physical ~vapor deposition and related
technologies,” Journal of Vacuum Science &

Technology A: Vacuum, Surfaces, and Films,
Vol.21, No.5, pp.74-87 (2003).

[9] A. J. G. Schellingerhout, et al. “Rate control
for electron gun evaporation,” Review of
scientific instruments, Vol.60, No.6, pp.1177-
1183 (1989).

[10] Y. W. Beag, K. Egawa, R. Shimizu, “A
compact electron-gun evaporation source for
highly stable evaporation of refractory metals,”
Review of scientific instruments, Vol.64, No.12,
pp.3647-3648 (1993).

[11] % & @ “H0k & 24t % 9 4%
FF 2 AL (2020).

[12] P. J. Martin, R. P. Netterfield, W. G. Sainty,
“Modification of the optical and structural
properties of dielectric ZrOz films by ion-assisted
deposition,” Journal of Applied Physics, Vol.55,
No.1, pp.235-241 (1984).

2022 2 2% R I iH Y ES X REFH §



