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Research on Multi-Resonant Refractive Index Sensor Based on Black Phosphorus
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Abstract In view of the limitation of traditional plasma optical sensors, and being capable of enhancement
of absorbing infrared waves by magnetic resonance, a multi-resonant non-plasma optical sensor based on
black phosphorus (BP) is proposed. A BP monolayer and a simple dielectric structure are adopted by the
sensor, Due to the anisotropy of BP, the sensor can achieve different sensitivities and figure of merits
(FOMs) in different crystal directions. Through optimizing the sensor structure, two resonant peaks
which are very narrow are obtained in different directions of BP crystals around 8 um wavelength, and the
sensitivity of the sensor is improved by the relatively low full width at half maximum. The highest absorp-
tion rate reaches up to 99. 6%, while the highest sensitivity reaches up to 180 nm/RIU and FOM reaches
up to 261 nm/RIU. The simulation results are verified by the coupled mode theory, and the physical mech-
anism is revealed. The sensor structure has great potentials for the future optical sensing application.

Key words nanophotonic sensor; black phosphorus; magnetic resonance; coupled-mode theory

YR B 2021-07-29

HEWMB: BERAKREEES(62005232) s fm 4 A R Bl ¢ 542 (2020J01130859) ; B VG 24 TS W & 1140 (2018GY-151) 5 B PG 45 H SR Bl 24 3 4
FERBBE TR (2020]M-515)

TEHERE A RRMA997—), B AL b8 A L BF 58 5 13 M At . E-mail: zhangjunaoxust@163. com

BREESE: FmEA981—) B LT RN RIS W55 o B G2 . E-mail: zyg@ xust. edu. cn
BREFQ98T—) B AW BTN B2 W57 10 2 A 6 2 4% 4% . E-mail: yijuncai@ foxmail. com

SIAER: Ke# . FEHR.EHZE. % ETESW ZHRTHFCRETLE]. ZFTBAFZRCHBFFK) . 2022, 23(1): 4348,
ZHANG Junao, LI Guomin, ZHOU Yuanguo. et al. Research on Multi-Resonant Refractive Index Sensor Based on Black Phosphorus[]]. Jour-
nal of Air Force Engineering University (Natural Science Edition). 2022, 23(1) . 43-48.



4 % TR AR AR D

2022 4

Wi & B R R G E I S R AR R ) Iz T
Pt BRI R B TR AR A I R i 5]
T YRS F G K, R TSR TR
K ZE 1) 5 2 A B A R T v S ORE T A )Tz oF
DR - S N L B o N NP O R e e
& 28 S H s % BE IR . X IR 3 A G 1 o 3
IVRQIETIE | B Sk e | W P A N e = R N (e
ARSI 2 3R & 4/ T S SR AR . AR TR
e IRV E T e R R E DR G A EP =S Rl U
) 4 JE B B i, I L AT I ) A A A T A A
I S oK T AR . S5 i FHEEFihE
Ji % T P VR B B A 2 A 8 1Y A B T A A R AR X
A5y F I DNA B 045 A I RUCR AN E

YRR RE T 2R G = A A R ) R
R B A TF ARG RS AR B M 2004 4
A MR SR R B R S B CR R 2
HEMRLZ WL B BT B A IR O R R
SRR IR H G TR R T KO 2R U B Y
P, EIUAR, AR T B AT DL R 2 AR
JEREE R BB B AT N B A R A B
SR TR Y/ B A R L Al P
BEORE L O HLIX 26 — 4 bR B AR N ) J ok 00K B RE A
FAER A . SCERC12 48 th T — P Ik F 3R A B R
e ) A Y A% TR L G AT B A SR 1 2 B0k R
REE, PFRETRFEY YA BEZENNE 10 2
M, 2 AgRE A USRI 25 % . SCRR[ 1333 T —Fil
FE T A 20 A A AH 2 Ak K S5 R 1 20 A S T
YR A W) A B DA e R . R (BP) J& — 4k
JERM R, BAT R S 0 R L ) = 3R T RS
B N = S = & N R DY 7 ST
WM ARG Z R G’ It
A o SRR 1Y) JEE JR e 1 R R AL BH A A SR A 1Y 20
FEE L T e A 1 I B R U A R R AL
BH o I HL PR LA RE A0 A A AL 3k A DR A
PO S R i = S S TR N A A S A
BETE G274 5 A8 &y T A BRIV g

ARSCEE T —Fh L T 2Bk 2 LR E P i
Ry b 2 B g E ALO, 2 By, A
il e P 3 5 W A I LA S A BB S (CMT) B0 3iE
THUEB L S5 R, W L RS, FE 8 pm
A B I S [ SRl A HE S O ) AR BT 2 A
R 7 1 A 0 AR AT 19 2 1 B R A% A 1 0 R
R RI & AT 99, 6%, I H 7 N R 1 A
HEZ 7 1) 1 0] LA 43 5045 2R [ 1 2 0% f FOM, R
O e 55 7T 35 180 nm/RIU, FOM 1] L) ik 3] 261
nm/RIU, 4 SCHGGE T 285 — 48 b k5 31 5 545 &

o AT A B0 5 - R WAL I 4l A A A R T A
ABERET,

1 gt

Bl 1R T 5L F R 2 2R I O AL B 2
Y % A8 H R 1) AR RE (SIO) g okl L2
W =L TR (AL Oy) 2R 4 85 IS (Gold) 41
JI 5 IV 2 1) 4 5 A IV D oA BEL % 378 S5 5%

(a) AR IE

w, W,

Sio,
ALO,
Gold
p
(OFIENES

BT BT R A0 2 AR AT O R AL R R R

i F A PR 9T 5 15 (FEMD % 7% 25 # 14 % J% M fig
HEAT T 05 B 5T o 2181 B AL T 285 44 T ity 1 B A5
FEfG B, SI0, (AL O BT 323 (RD 43 51 R 1. 35,
1.7, il Ak 450 B0 LU 5 e 2 AL S 2 1 4% J
PEfE. o w, w43 B R SO, 99K 19 AR [ 58
B p RBYUKRA IR 0 £R 3% SIO, )RR . d,
dy 73 AR AL O FIRHE (Gold) (R . B (196
“F P AT L — A A7 B A 76 78 (Drude) 15 7D H
R, HoH R A LR T

ij: ji (1)
Tt(eréz)
D, =" (2)

) R oy I s 0 R R D, R
BB 9= 10 meVin Wb FHAKE b W
W FE R e TR 2 7RIy 7 T
HRR RN -

hZ

me — yz <3)
A + 7
_n
My = 2. (4

iy 4
R AR 35 y=CeVm,A=2 eV, p =



%13 KR, & L I T BB 2 PR T O AT AR I Y 45
= g n =107 fem?, 10
. 4dm, . 4dm,
80
Hh o S BRI %%?ﬁiﬂ*lliﬁfﬁo HA .
e e P A e T AR e
s;'j:&t,-+m7jj (5) _% 40
Eowa <
o oo & [ S B AGA H R B2 BB R 20
e, =5.76, EBNITER 2 FAFMHES 7
A BRI o iy 1) 9 CRT AR D AXJ5 1) Rl = £ 796 8.800 8.804 8.808 8812
g e HES (AT AR AZ 5 1m)) 33X R A AS [m] 19 HE 471 Alum

77 AL ECT BB 45 1 54
2 HRMITFIE

Bl 2(a) Lb 38 T A6 A [6) i 4% 5 1] T 5 AS [) R
fm R T 1] HE B 0 A% R A5 AL 0 OB g .
w; =1.5 pm,w; =2, 3 pm, p=10. 0 pm,nb=4.0
pm,h=2.0 ym Ml d, =5.0 pm, TM {4 9 A 5 3
15 AX J5 [ F1 AZ J71a) EBIAR AR, e TE
TP T AL AL AX Ty B AT 2 AU 3t
P& o ZELPRIGEAL F oK A=8. 802 pm 4b, BE AT Uk
A 53,700 AH NI WU B BE A =1, 1 nm; £
SRR A TP K A =8. 807 pm Ab. I 0 i K Ky
7.8 %% o AH R R MO () 2 15 9 A, = 0.7 nm., Ry T 5
TE D7 2045 SR 0 ok 1k, FRAT AR TR A B IR
(CMD f##r 78 TE fli# T R RCR BT AZ J51n)
OGRS I O AN 2(h) R . TE AZ
Fin B AT 2 A B SRR L 2 2R 0 A0 T )%
K A=28.800 pm &b, B WL 87. 026 4 R %
W 25 98 A = 1. 4 nm, AT DLE LR T Q =
A/As=6 406. 5; 47 4R 0% 4b T P K A= 8. 805 pm
Ab I B W Ol 99, 6 90 . K BT R i s 1 2w TE
Av=1.0 nm, Jif S BTH § Q. =9 204. 2, Uk, J5
SERIBESEHE T i I TE fi 4k A A9 45 00 T IT e
o TM iR A S AN A RO

100

TEfm
— AXJ7 Il
80t AL
TMfi i
S — AXJr i
3 60t —— AZJ5 ]
=]
3
=]
-
=]
2 401
<
20
0 : : ; ,
8.796 8.800 8.804 8.808 8.812
Alpm

(a) FETERAITMAR IR T A 5] S5 HE S I 1) (9 W 50 3%

(b) FETFFEMEE B FNCMTHIE 43 Hr ) W e 3%
2 s i B i OB 1% X L
BT CMT 20 M Z A5 06 # /e M T AR
Jr R RN
%Z(jwo—ﬁ—}’)aJr«/ZyT (6)
S =—S, +2va (7
A ca RARIEIRE L 5w, R IEIRBIA; S M S
PR AR R B sy A6 g3 ) R R AR e R
FAMESFE . RGEHI I RECH -
_ilw—w)tot7y.

A
r u  i(w—w,)+o+7y. (8

W R B -
A=1—|T|*= 1oy 9)

C (w—w) 0+’

O A LI B], YA R R v 55 T AN
FE 0 B, 7E TAEMR 5 USRI 38w, A1 [F] B & A= I 5
TG 13 2 58 SR, BL G R ES M BB 5 B 23 1a)
FHALVC L, A 2L B ST AT LA R A
(T =T+ /(Ty, — T, T4T, T,,

2T,

XA 7 R RS AR I A% AL B 1 AR L
SFRRIEN RS KRG T T To T
FORGE MBI FERS A T B J6 2 L AT B9 {8 T LA 1K
WHEEE S THREATT
_ (IS0 —Su) 5SS

zZ (10)

T, 7S, (1D
T12:(1+Sll)(1_’i822)+821512 (12)
2S5y
_(l_S]] )(1_522)+Sz] S]z
T, = 55, (13)
TZZZ(17511)(1+SZZ)+521SM (14)
2521

FESCH CMT i 7 450 7Y v, 72 L 4R 0 11 O 27 1%
JEAREE N 6=0. 95X 10° Hz MR R 7. =1.55 X
10° Hz, & SCHEETZ2 224 5 5 7 Qovn = Q:Q,/
(Q;+Q,)Qevrt H 6 829. 4,3% 5 Q B 4235 — 5L,
H Qo / COELRHRGEHAL.Q, = w0/ (2y) &



16 L RK S FACH ARHERD

2022 4

SR RGN . A MR G 1) 5 A A SR A R D T 8 )
A 6=0.66X10° Hz Al y.=4. 34 X10° Hz, 53
P B F Qewre H 9 460.5.3% 5 Q. 318 —8. i
BT a5 R 505 B85 R R B G ot 1% gl 1y
HET HIE L HF.

YT B 22 SR O o A SR ) R AL AL B 5]
3 2 T G I AR AR SR A N IR L 37 R 3 R 1
g3 BN BB AR IO = AL R I E L SIO, F
gk ALO, 2. B 3Ca) 2 AX J7 ] 28 SL 4R 3%
Pk s A=8. 802 pm F A7 AR IR A A=8. 807 pm,
AZ J5 ) 25 S PR IR A5 A=8. 800 pm Fll A5 IR I Ik
R A=8.805 pm, il AX Jy[a] JE ik s A=8. 810 pm
Ak B R 8 4 A 5 T 3(b) o AX ) A2 FR PRI IR
FA=28.802 pm Al HLHRIEIR £ A=8. 807 pm, AZ
77 1] 22 L PR IS 4R 25 A = 8. 800 pm 1A FL 4R 18 4% o4
A=8.805 pm, il AX Jy[adE i Pk s A =8. 810 pm
Ab 1) L 37 4% W 43 A

5

kA/m)

S = W oA

A=8.802 um A=8.807 um A=8.800 um A=8.005 um A=8.810 um
(a) [R50 98 4 A “
L3758 B/ (kV/m)
800
600

400
200

)=8.802 um 1=8.807 um 4=8.800 um 2=8.005 ym A=8.810 um
(b) N1 KT 04 oL 3758 5 43 Al
B3 JeiE T i F A% B N R L #E 3 o A x LG

e 3 s 578 AX J5 ) AR R A A=
15. 000 pemn b (4 % 3 # L L 37 55 R A5 R 7 AX
] bR 5 A =8. 802 ym Fl A=8. 807 pum 4b HA
WIS A B AR B 7 iR L AR T SIO, 9 KA R4 B
Z B LA et . R SRR U A SR 37 O T Ok
1,5 A=8.810 pm A0 AE L IR A AR L, BB R T
SET WG E T @ FE S ALE AL O,
JEFURBER RIBR A . [ 7E AZ 71 iR A=
8.800 pm Fl A=8. 805 pm Kb, th HLAT — % (4 14 1 4%
TR TR 3Ch) I i AL R AX 5 ) B
PR AAL R TE AL O )2 5 B0k 2 Z 8] 7Y X 8 Bk
BIR ] 04 58k, O HLUY 3 BT A S IR 7 e g1
DG W SR T R A I A L R R E AXO T
] F A=8.802 pm fil A=28. 807 pm Ab K IL R 2
BB Z b AR R B S R BT 404
P e, R B, FATT W] DU SR BN AE AZ J5 1) 3%
{5 A=8. 800 pm FI A=8. 805 pm 4b HL 3743 A Y

DR A AE AX J7 il b W 9 A AR (] L e 3 i
KT —ERRE .

TR 2 56 2 37 5 AL R 15 S 1, A 90
2 R (S LR B(FOM) . R ik (15)
JIF 7R

_ A
SiAn

A AL B R IR D K AR AL s An SRR B 3
SRR, FOM i35 6) s .

S
FWHM

X FWHM i e e i1 & 58

R T WG 1% 28 H PR AL SR AR XA ] 1) R I 4 164 7
5 G I N R AR F FOML 7E R i M 3 5 26 n
Az AR AR X R L 1 WO M AT T — R A 1 s
AP R Bk B frill ) 1 S BE nd [ 58
4 5K RN A3 AT W 00 I S R B OE R
1.47~1.52,

FERE AC) R0 ) BT S =147 B,
12 AX J7 1) bz A% s 1 20 L4 R0 AT T4 0 18 ik 15
KI5 h A =8.802 pm.A=38. 807 um, WU F N
53.7%,77. 8% T X415 M H) W 4T S LA 0. 01 Shy 384
IR B n=1.52 W}, 21 AMEG B8 118 4 0 1] K i3
B 2 B 81 %) A=38. 809 pm,A=38. 817um,
W Sl 28. 8%, 45. 6%, WK W A = Ax 4K
0.007 pm 1 0.010 pm, 7E AZ J7 6] L% A& A% 1)
Fe SR AT FE R A 9 HR BB 23 00 S A= 8. 800 pm,
A=18.805 pum, WU Z N 87. 0% .99. 6% , Ifi 24 43 #r
P 832 LL 0. 01 g 3G &3 KB n=1.52 W, 20
M TR s 1 iR 0 1) S i BT 1) o i B Bl B A =
8. 807 pm,A=8. 815.m, WL Hy 54. 4% ,79. 4% .
KAm B Ax 4399 0. 007 pm 10, 010 pm,  [F] i},
3 WSO T T LRI 3] X N A I R K B AX
J5 Il B G AR FE TR

FEFE ACH) FIE 4CoHr FR T 12 A% A 7 24k
WA A e R 06 1) R AR R FOM A AX J5 1) |, /2
R W A PR SRR AE =1, 47 I 43 5] Dy 140
nm/RIU fl 180 nm/RIU,FOM 43 3|24 125 F1 261,
BEJGAE n=1.48 % n=1. 52 WAL 78 Bl N 2 5UE 4>
W _EFE] 150 nm/RIU Fl 205 nm/RIU, FOM A
BT 728159, 7 AZ Jria) b A AR 0 A4 2 R
W RALEAE n=1.47 B} 4> 3} 140 nm/RIU F1 180
nm/RIU,FOM 433124 102 F1 188, B 5 7E n=1. 48
Fon=1.52 1972 Ak B 9 R B 43 ) b ) 155
nm/RIU F1 200 nm/RIU, FOM 43 5| &L & T 66
128, BT PR Y A4 AR TE AN ] 19 & AR HE 51 O [a]

(15)

FOM= (16)




1

TRAR M 45 < 2 T PR Y 22 LRI S R AT IR B 47

A EA AR A R AE R FOM, 78 AX Jy [ b 4% Jg&
PEREMS 47 T AZ J5 1) M AE AZ J7 [ b i W i 3R 3
i XL PR B T SRR Y A% 1 SR A

100

80
©
S 60
=
<
Na)
5
2 40
<

20

0

8.796 8.800 8.804 8.808 8.812 8.816 8.820

A/um
(a) AN [) AR 400 1) T WAL 7
157.5 . - AX 1200
—— AZ

155.0F i
_ AX 180
S —— AZ )
= 160
F 150.0f
2 1140 5
> o
z {120 =
2 145.0F
2 1100
(]
wn

140.0+ 180

137.5 ! ! ! ! ! 60
1.465 1.470 1.480 1.490 1.500 1.5101.515

n
(b) 75 4R Aty 5 B0RE A i I P 4

210 AX 1275
—— AL 1250
5 —=— AX
2 500l —— AZ
= 200
=)
é 1200 s
S S
2 190} e
=
z {150
(]
wn
180}
100

175 . . . . .
1.4651.470 1.480 1.490 1.500 1.5101.515

umwaﬁnﬁwmmww
B4 ASTR) 5 049 e O A A £ R i

B 5 R T — 20 B G U 43 B W JEE EE X 41 4h
R RS RO A FOM [ 52, 25 4 T 91 9 R AR5
FE n=1. 47 BEAS R Ff 0 4 )2 B A MR SO 3 . 3 AR
R BT AZ J5 1), A&l 5 Ca) o 6 3 4R Dk
AT RO 25 ) 2 B0 254 5 DU 43 P ) A S 5 [
Hon=1.47 B, FEM PR 4.0 pm AE4LF] 5. 6
pem s ZT AT S 236 A% R 1 T IR U8t K 1l K ik B Ok A 4
8% 2l 2 Je PR e P A JL-F AR R A AE S IR 2 1
FEENT 99. 6% A7 AR IE I 8. 805 pm &S F] T A=
8.806 pm, IR ZE W FFESEIT 83. 1%, 4 nb 1Y
JNE] 6.0 pm B, A7 LR IEMOBRCR AR R #) 92, 3%, ]P
A AR 04 W i A R 99. 9% . i 5 (b)), fE

nb=6.0 pm I AR BA s 19 R U i A2
R 0 R E K 145 nm/RIU, FOM A 8 T 179
nm/RIU, 43 ER )5 4 205 nm/RIU, FOM
IRE] T 233 nm/RIU., Bl J5 B2 39 44 B e R

JEE ARG K,
100
80
N
8 60
=
<
2
(=]
2z 40
<
20
0
8.795 8.800 8.805 8.810
A/pm
()OI
201 4 otk 130
_’_/{IJ‘HE 4300
~200F —— Z3LdR
= —— f IR
& 1250
g 180+ s
> 1200 ©
160
5 {150
=
& 140
4100
120 L— , , , , N P
3.84.0 44 48 52 56 6.06.2

nb/pum
(b) RELSEFFOM

5 AZ 710 LI IR EIE 0 O B S
3 #5iE

AR T — P BT R B 2 SRR AL A
FHRBE e R TR RSB T8 BRI T AR
A, It HAEA R B a1 43045 3] 17 AR ) R
PR AT FOM., 2 08 7] A6 %) 180 nm/RIU, FOM
Al3K 261 nm/RIU, [6]Bf 3845 1 A A A9 2 4% 04 2 5
i« A3 I T4 A SRS A HE R R IR R A 99. 6%,
AR SCIGAE T BB T AE OB G A S AL s Uy T
BB KHT 5 I B o A BE B = 4k b4 8 52 B4 Fh 4y
S RAL AR R A TR R B .

Sk

(1] AR TE. &4 MOTHE . 55, W 4% B 7 R L R A4 J8 s
WEFE AR R LT ], 4 7 F 2% 4R, 2008, 25 (6) : 657-
664.

(2] ZRHaFH . 8L BRg . 55 M REORGOR T ] B i fs .
2009,36(4) :20-26.

[3] LONG F, ZHU A, SHI H. Recent Advances in Opti-

cal Biosensors for Environmental Monitoring and Early



48

TR CARBLZE RO

2022 4

[7]

[8]

[9]

[10]

[11]

[12]

Warning [J]. Sensors, 2013, 13(10); 13928-13948.
GEDDES C D. Reviews in Plasmonics 2016 M]. [S.
1. ]:Springer, 2017.

Mg A= S TR Be B HORE IR SR (0], 9 1 DY K
2R CHRBHF D 2003(3) :40-42,

MAURYA ] B, PRAJAPATI Y K. A Comparative
Study of Different Metal and Prism in the Surface Plas-
mon Resonance Biosensor Having MoS,-Graphene[ J .
Optical & Quantum Electronics, 2016, 48(5) :280.
MAURYA J B, PRAJAPATI Y K. Influence of Die-
lectric Coating on Performance of Surface Plasmon
Resonance Sensor[ J]. Plasmonics, 2017,12(4): 1121-
1130.

MAURYA ] B, PRAJAPATI Y K., SINGH V, et al.
Sensitivity Enhancement of Surface Plasmon Resonance
Sensor Based on Graphene-MoS2 Hybrid Structure
with Ti0,-SiO, Composite Layer[ J]. Applied Physics
a Materials Science &. Processing, 2015,121(2):525-
533.

WU L, JIA'Y, JIANG L, et al. Sensitivity Improved
SPR Biosensor Based on the MoS,/Graphene-Alumi-
num Hybrid Structure[ J]. Journal of Lightwave Tech-
nology, 2017, 35(1) :82-85.

WANG X, JONES A M, SEYLER K L, et al. Highly
Anisotropic and Robust Excitons in Monolayer Black
Phosphorus [ J ]. Nature Nanotechnology, 2015, 10
(6):517-521.

CAI Y, XU K D, FENG N, et al. Anisotropic Infra-
red Plasmonic Broadband Absorber Based on Gra-
phene-Black Phosphorus Multilayers[ J]. Optics Ex-
press, 2019, 27(3):3101-3112.

MAO N N, TANG] Y, XIE L M, et al. Optical Ani-
sotropy of Black Phosphorus in the Visible Regime[ ] ].

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Journal of the American Chemical Society, 2016, 138
(1) :300-305.

WU L, CHU H S, KOH W S, et al. Highly Sensitive
Graphene Biosensors Based on Surface Plasmon Reso-
nance[ J]. Optics Express, 2010, 18(14) :395-400.
ZENG S, HU S, XIA ], et al. Graphene-MoS, Hy-
brid Nanostructures Enhanced Surface Plasmon Reso-
nance Biosensors[]J]. Sensors and Actuators B: Chem-
ical, 2015,207:801-810.

WANG X, JONES A M, SEYLER K L, et al. Highly
Anisotropic and Robust Excitons in Monolayer Black
Phosphorus [ J]. Nature Nanotechnology, 2015, 10
(6):517-521.

CHO S Y, LEE Y H, KOH H ], et al
Chemical Sensing Performance of Black Phosphorus:
Comparison with MoS, and Graphene[ J]. Advanced
Materials, 2016,28(32):7020-7028.

LIU Z., AYDIN K.

Superior

Localized Surface Plasmons in
Nanostructured Monolayer Black Phosphorus [ J .
Nano Letters, 2017, 16(6): 3457-3462.

LIU T, JIANG X, ZHOU C, et al. Black Phosphor-
us-Based Anisotropic Absorption Structure in the Mid-
Infrared [ ] ]. 2019, 27 (20):
27618-276217.

LI H, JIC, RENY, et al. Investigation of Multiband

Optics  Express,

Plasmonic Metamaterial Perfect Absorbers Based on
Graphene Ribbons by the Phase-Coupled Method[]].
Carbon, 2019, 141.481-487.

XIAO S, LIU T, WANG X, et al. Tailoring the Ab-
sorption Bandwidth of Graphene at Critical Coupling
[J]. Physical Review B, 2020, 102(8):085410.

(%R 4t IR A 48)



