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Abstract

Abstract

The research of detectors is an important and basic content in the field of infrared
(IR) and terahertz (THz). The rapid development of IR and THz detection technology
to meet the requirements in the area of imaging, atmospheric remote sensing,
biomedicine imaging put forward to higher requirements of the performance on
detectors. It is urgent need to achieve IR and THz detection with the directions of room
temperature, fast response, high sensitivity and easy to array integration. Based on the
novel THz detection mechanism proposed by the research group, a Si-based THz
photoelectric detector with metal-semiconductor-metal (MSM) structure was
successfully fabricated and showed broadband and fast response from the microwave
to the THz radiation at room temperature. In addition, Room temperature, broadband
IR thermal detection was investigated for the first time by using Mn1.56C00.96Nio.4804
(MCNO) thin film with dielectric-metal-dielectric absorptive layers, which was
constructed to improve the light absorption. The main content and innovations are as
follows:

(1) To further demonstrate its generality of our proposed electromagnetic induced
wells (EIW) mechanism and achieve the optoelectronic integration of terahertz
detectors, silicon-based materials are applied to the EIW mechanism for the first time
in this paper. The simple structure and easy integration of the Si-based detector, which
provides an avenue to the optoelectronic integration of sensitive room-temperature
terahertz focal-plane arrays.

(2) A small-sized Si-based detector with the MSM structure was fabricated by
semiconductor technology based on the P-type silicon material with SOI structure, and
the performance parameters such as responsivity, equivalent noise power time constants
were characterized by a microwave and THz measure system. The Si-based detector
achieved broadband detection and showed excellent performance. It achieved a

maximal responsivity of 49.3 kV/W and noise-equivalent power (NEP) of 0.38
pW/vHz at 20-40 GHz, and achieved a responsivity of 3.3 kV/W and NEP of 5.7
pW/VHz at 0.165-0.173 THz; Moreover, a short response time ~810 ns was realized

for the detector.

(3) The MCNO material has a low absorption for incident light and is selective
m



TEEFE AR 24 5 L AMARI ST 72

over a broadband range. Therefore, we designed and fabricated a dielectric-metal-
dielectric (Si3N4/NiCr/Si0,) structured absorptive layer for MCNO film detector for the
first time, which enhanced the absorption in the 3-14 um IR transparent range of MCNO
film.

(4) The MCNO films with good performance were prepared by magnetron
sputtering deposition and chemical solution deposition method. Firstly, the film
crystallinity and morphological properties were measured by XRD and SEM, MCNO
film has good crystallinity and negative temperature coefficient; Then it was prepared
to have absorption structure and no absorption structure. The detectors with absorptive
layers and no-absorption layers were prepared for contrast experiments. Through the
measure of the responsivity, noise, time constant and detectivity of the MCNO thin film
devices, it was found that responsivity and detectivity of the detectors with the
absorptive layers for the blackbody radiation improved significantly compared with the

detector without the absorptive layers.

Key Words: terahertz, optoelectronic, detector, Mni.56C00.96N10.4804, absorption
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Figure 1.1 Image of the Electromagnetic spectrum
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Fig. 1.10 The schematic diagram and the principle diagram of the field-effect terahertz detector
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Vsignat = Ip - AR (2.36)
FER A 7 BT BRI T AL n B4R (MCT) AR, [HIkA:
Hn > fip , 1> D
1F 2.35 A AT LA 2B Ap LA Kep,  DRIBE AT AT 3]

_AnV
=——V

Hwv, =a-E,RWERE. &L, SORESHEENA:

4 VpTeP /
Vsignal 1-[3802‘1:17001;\/57 kz Il — exp < d\/a - kz)l (237)

PRl ARGERATH EIW BIRAERY,  S50F A BRI I B2 20 Ny

|V51 na | 4eoanlpRqle
Ry, = g l n302dcl;n\/§\] a) kz [1 — exp < d\/e_,, - kz)l (2-38)

P R AR A3 L BEAE
WRAE BRI A, AHEFRAALRITEILT, a5 PFi N B 28 w5 0
B9 LS R T RGO, XA WD RS A2

Vsignal

2.5 RENG

JGHAR R H AW SRS 2O BOR, TR EHE 96 R [ AZ O
Teas bz —, FRATA Db EERIT FTIE R AR DAL, A& 3 R 1 LR R W R KR
ZZARMINLEE, FETOUH SRR, ORI R G TR, J T ARG A He i
INFRIT RN, DL kT3 300N 58 B T BRI L P 4%

TEIXFEA b ffRe 7 IR H B 2 A i S A B L S R BRI, 12201
RN Bk TM B0 THz AR B & RS- E (MSM) #4&
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52 B M BRI R AL

T )~ AR UK TT X, e P A FEAROIN b L s, SR~ AR R 1 SO AR LA
R7EHEXAR AT I FL G RE AR, )8 TP I T 2 B AR 28 T AR R A R
R, B PER AR SR, i 28 AR R B T IR, A SRR
TRRASAR, IR ERAT ) H A A] PSSR S G IHR

IR B VI T 28R (R KA A AT D, SR 1 AORR 260 AL A ) e F BRI 1Y
BRI, A AR SR E AT R 1 BB T AT 5 o R AN 13 T i 37
HIRHET &R R- S REM RIS F IR, R 5 S8 173 TR R
TF RS il 26 DL R PR RE R AL AT
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TERE R 25 5 LLAMR I 23T 7T

E3E T SOI M RHs MSM SE#a R 256

b, BAHRYE T A ER AL T RERT /N TR AR A 58
RGP RIS . BB 2T, B HRE T RREIC T AN B )R-
PR R AT B, SNSRI T SRS PR 2 KAk B T &8 ik
IR 1 AT E A P AARRORL P I 8GR TR R A A, dRim ARk R R R
AR o A B IATVHGA P IX — MU RORHE T A5 P N R M) BERIE A IR T
Y% )7 ERIRE (SOD ARL, B PRE T2, HIMEH T IR KHFE IR 2T,
TR T KM REA AT 2 AN RAENECT &, bz F#tAT 7 KRERRMENK, %
SRR IRI R B . B CAE, SRR A

3.1 4% FRE (SO MR RBR4EH

FEAMAN IR 2 — M U H T2 AR, )72 R 85 1A H B P DR A
Bk IR EAR R EARI0 ), SOT SREMIEL, BATIER R, Wi Rk
P, THEEMC, SERUE RIS, T SOl MEE I TE iR 7 AR AR 22
Kb, FEOMRYE T RESERIWE 11, BUECA R THIE s IR IC. Bk s
. MEMS A& I& B FLLAI 5 28 il AL 3125, A7% 38 X MOSFET %0+,

[ AN 3 56 25— A AT U 8 B R T ik CMOS 3% i #44  (FET)
AT K228 2 J5, Si Z& FET KAFZEPRIIEE B — A 10, FE BT
TARZHEFE TAEPS2), Tauk %5 A ¥ SEI6IE U1K 22 4 &8 AP 1= TR 3 3508 A
% (MOSFET) A LUEE] 200 V/W IR A 100 pW/AHz i) NEP {5, HA
R RS 5] MOSFET #0125 14 B8 B B 38 /=B 220 5 kV/W B N 2R 10 pW
/NHz [ NEP {8, H—J5TH, 4%tk ErE (SOD AR EABEE Si/ Si0,/ Si
ZJREEN), BAMRDEEEDR, DIFEK, 5 TAEBMR A Ojefors Fl Pfeiffer 55 A\
B30 7R T B SO M k& ¥ T~ BUA% 19 CMOS THz F0I 25 1) 4= P Tf F 41,
i 3 & =595 1.1 KV/W, NEP 9 50 pW /AHZI 651, SRy 1 filt e Kb 25 28 I #8442 R
FEAR I i, FRAT175 e R =2 450010 SOT M4 b 4 iy R AU 1Y) = R R 2448
M 2$F o

Si/Si0y/Si = /245 K4 1) SOL# L H, JEEfiE: )2 (Handle layer)fE ) E 4 510 um,
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FLBH 24 1000 Q-cm, SiOz AL ZHIEEE N 1 um, TilfiF = (Device layer)fit: 15 £
2.4 um, HAZ 0.01-0.02Q-cm, SiMEHIZRELE 10 em? A4, Wil
T R (SEM)FF K SOL A A& 3.1 (). R)a, EdArdEr UV
FERIRIE B TR ZN o % T 2R T RIFEA 5 um, 10 pm K148 - T R-E& R 4504,
HB 4 E 3.1 (0)Fw, HOBURIT SR REN 2.4 um, FEEA 50 pm.

p=0.01-0.02 Q-cm_
2.39 pm .

l 1.03 pm

p=1000 ©Q-cm

) mag 0| WL
00 x | 10.

1 3.1 () SOI #1EHH) SEM AT &l (b) SO #RM 2% (1) 25 4 7 7= &
Figure 3.1 (a) Cross-section of SOI material by SEM (b) Schematic diagram of SOI detectors

3.2 &TF EIW H1EEaYmn & R IBiP i+ H

2 F T PR A R it B 0 s B PR (0 3 B i, AR R R A #
HL A RTINS 1] Tg=a /By, AR 75 2 S 4 PN 1) 52 I 1] (B 2D 7 25 e, ) T AH EE AL
BEAL, I ARG RO T R e 2 B A I B R b, X
GRS RN BB, B AE R BRRAES T TAERS, B dre 4 pk
BEAR A B T ey, FFRIEHA:

%ﬁ={1—%h—em(—%ﬂ} (3.1)
Mg, 58y < i, A
Tepr =574 (3.2)
e, MR

1

T
L=Ln= "/t =

Ak, XFARRECR I EA SOl £58 1) P BUeEA KL, B 49KRIEAE 3X 10%cm3
KA, WRIEE 3.2 FR, MR BT RIS ER R ARE A TR R, 6
He = 16w, ,p > n,

(3.3)
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2000

(a) (b)
: a 00l
1000 | 1

o o

z s

5 5

= 0 2100

Z w0 e =

= U, = 1200 em?- V151 = o

[=] =

. ~ 2. v-1.¢-1
= 00l - § Hy 2 70 cm*- Vi
50 L L 1 L L 20 1 1 1 L
10" 10" 107 10° 10" 107 10" 10" 10" 10" 10" 107

Donor density N, (cm”) Acceptor density N, (cm’)

B 3.2 (a) HFITMFLSMEFLIRLR, (b TIITHERLZARE LK R, 300 KOO
Figure 3.2 (a) Electron drift mobility versus donor density; (b) Hole drift mobility versus acceptor
density, 300 K.

DU A ) 3L i 2 3 AT R A RN N
R, = Scomitaly [(xy’ _kzll_exp< e () _kz)] (34)

. . e(w) /e U kz—(n/a)Z
FAh, EARE SR ISR T, n = o TS
Je(w)s()uok%—(n/a)z

PoEEIXE, He (o) RMEXMNEER, T a=5um, JHEHFEAN 0.1671 THz
P12, n =1.1x10°, RN _EFATSRIIZS7E 0.167 THz SRR T FIEE I
R 2N 3.8 KVIW., 5 SCRHAR 4 S50 1) ELARSE Il v B SR A i B 26

3.3 SRl

BT SOLMEL, d@diEye, GPOGH, FEF2, BREZl, Bkt
G2t SRS SR T2, w4 S TR R AT BE (0 s 5 KRR 28 R I3 . B A
TEZBRMTE 3.3 fios:

& 3.3 aefhi L Z e
Figure 3.3 Fabrication process of devices
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VIEHe: N T TR RS, AT ST SOT & I#I A 2 X 2em 1)
SOI /N v, VIEIHT = iRA JCRI AR ATt |2 O 5, By DALY E G (1 75 22
PG BE T B S SOT & N A7 Y B VAR 15 7= LRI 30 0 b, 4R
J& BFBON BAT T RS VAT P8R R BB 75 T R 10 2%k, 635 10 TSRS VA T P R =
FEFH 8K T3, e mART .

2 AM ez HIEVELF R SO & F AK-4000 SIREHLYI ST jieiR— 2 4330 0t
ZIE, JEFERMETE 2-3 pm, SIRZJGTHE 65°CHIMA kAT BN/t L
S A 3.4 FoRoCZIRGIAT %], S5, FON 65°CHIMEA i AT fE HE
ANNEE, 15 B G TIZ R 22 . BRI 12 8 T T T AR B ZI B
RPN E

Bl 3.4 asfFE 1z Gz
Figure 3.4 Lithography of mesa ctching

3 BMEZANh: STEEM B Z VA AR R A Z R R, R T i
BN kb AR ik, AR BPATR AR AT A, KT R 8, R
KA 24 um, WHHEZI—2, RUETEZEZIH5E.

4 HREZ]: G & HDCZIAE S FARZI S 1 SOI & i K I #k B & VG 41K
PARZN G Wk 4y, BT AEEAT B 212 0 BT 7 i0id v, I F2 558 — D gk
ME, BB AT, BTEAE TR, AR RREATEZ], By R+
DR EMN . BRI SHCZIEEAME, FEEZENLZ: R
HHET TR, FIOREATT AR HELF 2 J5 A IR BEAT IO 5 SRR s Dl
A, EEHEMENE, BERLEGIZIE, WRCEEZLF, WALl
TR0 E, MREA, AR, WEERECZI, dmEREZ. X
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— BT BINEZD R E I 3.5 Fros. 11 4 )& R LG i UK 7 45
1, SEKERN 4mm, FEEA 0.5 mm. AR B REZIRHERid EIE

B 3.5 AR E LR K
Figure 3.5 Lithography of electrode engraving

5 HLARIART : SES AR IRATR A TR T AR VA AR AR, e e
&, JeHE—)Z 30 nm [ES, FE— 2 300 nm F4. HEALTRER 4 2 A 3 EERG FY
YEH, & HARERAE 300 nm XANERE, FERAN T T2 R 7Bk
DS I BEORAUE I S, — RIS 58 5

6 FIES 2 K BRI S S5 () SOT #8232 )
—ANPNIE, X AR EARES R S R I ok, B S RETEIR.

7422 )] Seie, ATRAE B 2x2 em [ SO #HRL E#tit T2 o
e, N T T ERA RN, A @ 2 )BT o B R AN R
TER 22 PRI R, F5EJGTE SO AF MR H 51— E M e 2 LGRS FE i o RN
ez PIRIAT, SEAERE RIS b — B AR DT (E1E .

8 IEYE: VIRIHKE) SOl Byt FE i kiR A =R LM LBE. NER. 9K
WG, Hrh, =R O QB FEERR LB A, T EE 32 2 Rk 2 5o
FBE s P A A0 TR 2 90 P B ) 2R AR 2, SR 6 21 78 3 IR VA AR AE
A E LR B 151X — 2550 A 284 A A AR R IS, (6 FAR BRI, o2
ZHF AR AL, R, HAASEN: 1, ZSomiin
Torer, RIEMERKER 2, =R ORI+ 3, LB 5 R, sE
4, WEHERHE IR, F—X 08, 3 RER (B—kEE, RARSHER)
5, PRGIEBE, AT
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TEVETE A BAME 2 BT NS a3, JATHkE A3 T
1 R AT U5 o 8 R Z AT BRA T 20 oo PR T IR AL BE, 14
KiMAFF RS EN, EFTPERKE SO # 7 KR AL — 2 1) — 2k
EAZ, AR 300°C R TR KA, ATEUMER AR SR LIRS,
15 &R SRR A, M SRR . O 1 D5 A, A TRE il 5 2 1)
TOIR IS SR R b, ey inlEl 3.3 TZHRAAEF R,

3.4 SOI HM B/ R BERAE

3.4.1 EBHHIERESH

JC IR RIS a2 A5 S AN S S, YRR LD A S B2 24
KPR AERNAS, Fom S, PRI AN 7] e S R RE S

M [ 4% Wi N7 RPN 2% B NS ThR e g 7 28 22 S S IR, € SN
BT AR T R G BN T EAF R S L e BRI, AR M R AR

Iph . Vph
R, = &R, = —2L 3.5
v Poxsoja Vo PyxS, (3.5)

Hop R, AR, 1y, (Vo) Fr IR R P FH B (LR, PodEm A
BIThER. Sy SR BUR T .

BN EE (NEP): 7RISR A 15 5 o 5 B3 B 40 T X
HAV BRI, R NSRRI, WA S T A, TR
£ B S S BRI LB (ST . NEP ML S ) BB Y —, M
OSBRI BT, 015X R 7 7 1 PR e 5 B 2 AR TR
U 5 57 LA 5 R P 80 KRR, TS — S 2 34 A s R
FEThE: NEP R RFAEFRIBL 50— RO T, FEER N AR L,
P R IR P AR BB, TR M 7 5 AR 5 A S R A

EH

— NV
- Ry XV Av

AN, R TR 28 e S R 7K, Ay S g R 7K 5 B 1) T 9
PRI ZE . PRI 282 RALKT I 25 10— (S M Lh YRR 1) 24, — Ok BER
MZEH NEP 58UR T AR 7 B, X ANHE SN 1 LA AR 28 () PE BE
fabn, H NEP WO 17 AR THIRR 7 55 2 R0 2% 1) B A7 TR P R 2 s R
RIS, RXRONRIE, "] ARR A
pr 4%

" NEP

NEP (3.6)

(3.7)
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I TR0 250 A T A 20 i SN S D 28 R AR AR Ak R 2 (R IR [R] S MBI
APGE AR AR B AEAH R IHLEI R, ZRIES 0 I E) 5 Ho e — 8. X
B, IR B o = LS v B R R LB R S BT BT B2 HARTE 1Y) 63 %
Fr 5 B 8] 3@ ARG 5 ETHCR )R 63%HIF e R, 7 Z 1 [a]

I 8] 5 4
W J87 s ) 2
is(D) = i [1 — exp(—t/7)] (3.8)
Hi (1) = 0.63i, [, t = 7; Tt &M NI [A]

3.4.2 SOI #214HY I-V ¥4

<5 AR AN 2 TR 1) RO o TG 10 A 2 AR ) S 1)1 38 2 2 S AR BRI
3P REAIF 7 77 THD 0 2 A L B 2 ) o e Ak R 1) e I8 FEL 2 R e o 8 4 PR S R A
YIRS . O T IR E SOI FRII 2R FIPERE, oA TGO BEATR 1-V e, I Keithley
(Model 2612)WIR 28 4F1) 1-V etk fh2k, ksl 3.6 Fron, FRATIHkIER FN &
PRI A8 0 SR 26 1-V i, SRWATE Si f Cr/ Au 2 IR Wit fd,  RON'E
ATTEN 1 72 # R I H AR AL P R o BRI BEAETE 100 Q 2 P4, BRIE 53514 35
Q,46 ©,55 Q70 Q,82 Q, AT A A ERAF: 1 FE 75 LU/

0.9

—=—350Q
06F—e—46 O
—4—55Q
 —v—170Q
S 00F—*—82Q

0.3

age (V)

Vol

-03}F
-06F

0 T

4
Current (mA)

B 3.6 AS[EIFHAR ) SOT HRI 2% -V 45k i 28

Figure 3.6 The I-V curves of the Si detectors with deferent resistance

3.4.3 SOI 1M & 4t
N TIEZIET SOI R 28 ok AV AR 228 o v, FRA 1388 17
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3.7 B0 5 KRR 2RI &R Gt , e b ook T 1 /2 E8257D, KAk 24 U5 % F
G5 kAR (14 GHz) S G, LIt 12 f550A 24 550, 7] LA
343 170 GHz LA 340 GHz HIUSAIAR, s 5RO 24 U5 RE 8 2 55F 1% 25 (1) Kk
2. R ARG E TR, MRS, SRS AR 225 2 E B BN
30cm, SOI FMI# 2 B 7E M A MR b, 203 VA i AR08 B3I A 2 ik i o T
ELARF 2] SOT AR M %5 2 1M o st FH BUAH UK 5 (Stanford Research Systems SR 830)
SRR RS S, 55 AT EBORE K — 8. T iz R
1000 Q HFH, FrCAFRATA LRI M0 KL 8 V K m B HUE, LA st
FEARMIEE B EE R E 042V, FIERATFRIH Golay #RIIHE A6 23T br 5 1
ANSIHER, W NG R4S (Teledyne LeCroy 62Xi-A) itk

Detector

/]L[odulated @ Low Noise H Voltage

Test Box

Preamplifier

» AIAA
Z‘é’i
5
|
N
2
-]

Signal Output

Modulation _I'IJ_LI'I_

B 3.7 fRlple 5 A 26 R 2R 4

Figure 3.7 Schematic diagram of the measurement system for the microwave and THz detection

3.4.4 SOI 28 {4 F8 [ M) Rz 435 14

M %7 256 o PR 25 _E AN S Th 32 72 A 22 /5 5 (R 0, AT 1A P A O 2%
i03% 1 kHz MAHIAER T, PN 20-40 GHz F1 0.165-0.173 THz ) H 5 13
55, FERDCTERTHE 56 2 [F) R 260 T A T PRI 25 1) A7 B 10 SAuBe - 5 R 2%
JEINGEThE . RIEBRATRIE AR (3.5 HHERM S HImN . Hil (20-40
GHz) AGFGHITIRE A 0.5 mW/em?®, KFZZ S8 (0.165-0.173 THz) A
SR ) 265 B 0N 150 pW/em?, PRSI 34 X 35k R TH AR 9 So=250 pm?(50 pmx5
um). 2{F7E 20-40 GHz, 0.165-0.173 THz KW N ZE 40P 3.8(a) ME 3.8(b) At
71N> 20-40 GHz [0 87 £ (1) d5e K AR AT 23.5 GHz B 49.3 kV/W . 0.165-0.173

THz W M BCEE 0.165-0.168 THz 4bis 2 {E, F HAE 0.1671 THz Mt T s2 ¥l
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KW NLFEAE 3.3 kV/W, 5HEETHREAAMAT . RN T LG L 4800 0.173 THz
I, RN 55 AT ) S A5 5 BE AR 2% 5 38 DR N S A 24 G0 AR D 2 R AN _E R 1) A

50k f (a)

N
o
~

Responsivity (V/W)
w
o
~

20k }
10k
OF
2I0 2I5 3I0 3I5 4I0
K Source Frequency (GHz)

(b)

w
>~

Responsivity (V/W)
= N
~ x

165 166 167 168 169 170 171 172 173
Source Frequency (GHz)
] 3.8 (a) 20-40 GHz BN A I RN 3 (b) 0.165-0.173 THz A2 AT 1 Wi [ 24
Figure 3.8 Responsivity of the detector (a) at microwave Frequency of 20-40 GHz (b) at sub-
THz region of 0.165-0.173 THz

HEAk,  FATINE M NAF S AR A S, R A 100 Hz 39 hn%) 50 kHz,
FEAN I B RS 1V NS 8 V, RUGENE 1 V. & 3.9 25 1 HUR MRS S
£ 23.5 GHz JFAR S T 5 A FIE G SR A W B B RS AR, AWEHRTLE H
PR P 255 i 5 8 F1) 904 0 18 i 2 A2 s/ » (HL It 25 1R i 334 (100 Hz-50 kHZz)
RGN A 2 R ARG AR, IR R W5 ML R o &5 B A B i 2 I (8] £
FORIRM G A, Flan, BEERERR G0, Golay RIS 1 F s i N HIE
NG
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m 8V
R TR T TT T
2 teee ®e00 00008 o oy
S 40kr e000 0000, ‘0:.' a4V
2/ ““‘0.
2 30kt eeee tettecen,, 0y 2\\;
% LIPOR B
§_20k' \AA A4 'VVVVVVVvyv
v
ElOk- 4444 44444444444‘
O M PR | M PR R | M PR |
100 1k 10k 100k

Modulation Frequency (Hz)

Bl 3.9 SRR NIAE 1-8V fi s T Bl R 0 A AR A 5% A
Figure 3.9 Frequency dependent responses biased from 1 V to 8 V

VAHIANEE EAE 1 kHzy 10 kHz F1 20 kHz AN [ B H R R B0 RS 5 U
Kl 3.10 Atvs. S5 RR0H, BEA (B U A3, SRS e 328 8 K. I8 3 —
SEME S, W S s R R R, 5 R Ak I BRI A% SR A I
I FLAEIZEG N0 g Ve N 25 Sk BIHORT . tbah, BRATIAE S8 ohow 5 21 mi R A
SR TR NS . B 311 B RTLUE B R Al AR 25 1
N {5 5 i o 26 ST PR 28k 0t D 28 38 I 3G, 485 SR 6l o A5 5 A8 Th 26 2 TR )
RUFERIER R

50KI  —=—1KHz
E 40k —A— 20 kHz
S
2
S 30k
=
S 20k
<
@
10k }

0 2 4 6 8
Voltage (V)
B 3.10 VN 1 kHz A1 10 kHz B 5 22 56 A [5] () 4 1 (38 4,

Fig. 3.10 Responsivity under different bias voltage with modulation frequency fixed at 1 kHz and 10 kHz
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- —i— ] KHz

Response Signal (a.u.)

0 10 20 30 40
Power (mW)
301 FHIEIIZEM 0.01 2| 40 mW (R )R7

Figure 3.11 Response signal under different carrier power from 0.01 to 40 mW

3.4.5 B [E]E HOM K

U 7 I V¥ A A S N S T 256 (S 3, P ARG 00 A0 sk A%l o B, 7
FHTET AL T, R0 38 R 1] 8 O A R — B0 X B, B ) S A 2 H
8 P P PR B R DAL EE (K4 63 Y6 4R Bt b T BN T RO AL, DAL,
AT T 23.5 GHz HIBIE, FONE BA EIFRER . JRATEMR N 1 kHz
(5 D R SR R . B 3012 TR T A A MRS, B 3,13 BoR
UV BT T B T 3 3 o R Y Ak SRR B8 PR TR #2810 ms.

o T e T e B o B |

Response signal (a.u.)

v [ 9 V0 iy 6y W

0 1000 2000 3000 4000 5000
Time (ps)

B 3.12 1 kHz J7 AR i Bk 7

Figure 3.12 Response waveform under 1 kHz modulation
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oo

¢
7=0.81 ps

Response Signal (a.u.)

W
0 20 40 60 80 100
Time (ps)
B 3,13 Jokash 0 25 e 10 35 g i S0 7
Figure 3.13 Time constant derivation from the waveform by impulse method
T RERARII ARSI T RIR R T 00 PERE, H A A RE SO0 45 SR 1 SRR L ]
T HENIGIR, FET A4 B TR0 AR ARZH 32 i EIW BRI i — AN,
i, AT SR T RS IR T, IR T R SR AR T I RN R, DLHE
P i S (RO 0 P R o Ay B P A5 AR 1 Hl R e B 3R AN 4R 0.52 V/W, Bl s
BTN 4-5 MR SRJE, AT DAHEBR S B RN, TR FRAT B 25
N 7 1 2 37 v T J T4 B8 TR OB 3.2 GHz (A ER . i), R4 EIW #l
B, TR R FRE A R ELE 0.167 THz 294 3.8 KV/W, Wi FEA 33T SE It 1
(3.3kV/W). Rk, FATIAA EIW B 0T LA B Hb AR BB AT S 30 K

3.4.6 FWMR A TN MK

NEP /&M Rtk (B B S —, MR R R Z A BR B R 2%, DR s
T2 I A RS 5 6 A5 R T AN 7 BB 5 o MK I R e 7 R R UG VP 2
R, 8 S & BT BB AR AE 7= A 24 75 (Johnson W75 ), XS BUME 5
s T AR R T I BE N RIS S B AAAE . AT 1/F MRS, %0 AR IR
FERERN 2 o 5340 BT S IR 3 BT 3 SO B BN L™ AE AT 2 & 22 i 1™ A2
ST AR o WA FE K 2 A A R PR AT B L G 2 BRSO 25 R I 7
N T ARG EHERR Y NEP, SEierh, AT dfFakAT 1 S2 PRt me il & . 720
PN, RIS E T BT, AR — A2 M B B o AT
WL ATRE 73 BT (MODEL SR 770) LA 650 Hz % 100 kHz [ #4021 250 Hz
RIS DRI SRR DI B R 7 o Y LB Je R B I N S M S (N, AR5 FHERATTIY
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PRI 28 B M I B A I 2R A (Na), B ERATHA MM TR (rms) AR
THEARMZEE R (N,), MEEREE 3.14 s,

N, = |[N2 — Nl-2 (3.9
25

P I Short Noise - Ni
E *‘3,3 All Noise - Na
— 201 % Noise - Nv

~ &

i a2

: |
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Z [ A

O aaal s s a2l
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3.14 ZHF7E 650 Hz-100 kHz S5 T [ 7
Figure 3.14 Noise spectrum of the detector at the modulation frequency from 650 Hz to 100 kHz
HI T a5 AR IR L R Wi N AE 1 kHz BRI AR NI ER 2], B Las AR e
B 1 kHz BT, SR G BATTIRYE 24 3K 3.10 715 NEP W0°F -

NEP =y, (3.10)

HorN, & DL 1 kHz P8 i) 43256 1 S5 FROR U 38 1 e 7 LY T 9 %6 78 23.5 GHz
A 49.3 kKV/W, f£ 0.1671 THz i 4 3.3 kV/W. 7 1 kHz B FEEGIAIR T,
N, =19.2nV/vVHz, N; = 4.4 nV/VHz, MG 2% 1305 R {5 18.7 nV /NHz,
ER I NEP f 55t /ME 4 0.38 pW/AHZz(20-40 GHz) A1 5.7 pW/NHZz(0.165-173 THz) .
NEP FMEMLTFE =R MR A Es, 140 Golay &, FBEHIRIIZS, I
5 Gt AT R St BT o X e R RA SR AR () NEP EIEE Y 1070 2 107
W/\Hz.

RS A BATAT LA A3 B AR IR 2, TERUBIR B AR D™ = 4.2 X

10° cm - VHz/W (20-40 GHz), £ K25 B, #afHID* = 2.8 x 10° cm - VHz/

W (0.165-0.173 THz).
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953 & LT SOl MBI MSM S5 R &5

3.5 KE

FTE 2 BEAR B HT A RS A BRI, FRATE R TR EIW
PRI R BIREEE AR B, EART R RIS SOl M BRI S80S T
SOT TR Z A (1175 VKA 2% 0 B PR ey S 28 B R IA 3K, FFH2R SO TR 2% 1) il %
T, il H T T BIW BRI M BE 0B 1 ek 5 KR 2L 25 14

Pt T A RERAE R ST, (ERCRIE B (20-40 GHz) LA I K% 24 9% Bt (165-
173 GHz) Xf AR AT I 006, Mg L R0 38 DL K I JR) 5 B S PR RESRAE, SO &
RRY], HIFAMT, RAEEAR ST B AT IR F] 49.3 kV/W R N 28 A
0.38 pW/VHz {155 300 75 TR, 76 W RHR 24 B (165-173 GHz) A28 3.3 kV/W
fma R 2R LA Je 5.7 pW/VHz (1) NEP, #84F(mi N pis, i [a1% 404 810 ns, 1
— AP FAER N5 10 v S8 B[] — M PE 2R 2R o

AR, BT EIW HLEEMY SO JRIES R I 118 e s fhvkpe, mITE=R
SCIAL T BRI, BT B A S IR N S A R 8%, T HLRESE RS0
5T CMOS R ZAE, AT B A R T =0 TR RSO f R
FIG R BRI A
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TERE R 25 5 LLAMR I 23T 7T

FAE BT F IR A RIS ML SN ES

ZLAMES (infrared radiation) AT HARARE I E], b TR WOGRI S, H
TG B T8 T DU R 2, AE AR IR RE B R R S EL ARG, 2L /MR
EeIRYbTiiboR Rl EARAR b IR EREPI Rl R IR S =g DL C AW & 73l [ 25 SN Res
0.76-1000 pm Z [AJ17), ARk, LLAMRINEAR C& 140 g, Hrh st st
PRI 15 DA S AL AR 108701 P 2T AR 4530 5 A T 1 't - B i 74 5
AL AR, WG] T2 OB AR, B T ARV 2 AU S PR R
BFERAL AR KORIRE . R R, il TR iR AE 77l
FEART S, FAVFEH T — PR TR S R LL MRS, BT SRk T
A TR 9 R AT 235 4 S B 5 U B 21 AR SRR U 28821 1) %

4.1 $h5HIE S (Mn-Co-Ni-O)##

AL AR B A EZ B RTAS N (1) ZLANE R BRI,
MTTIH i R AU, AN 75 AR R e an e RO (2) TARIRE VO B, DA R
M EEAF A IE RV . i L4 S8 AR RE A PR LT AR 25 ) B U T A R
Ebamn VOx74 731, La;xAxMnOs (A=Ca, Sr, Ba, Pb)f! Mn-Co-Ni-O #4876 771, 7Eix
BepbR Y, REA LM CnEl 4.1 BTR) 1) Mn-Co-Ni-O B /ML F 2R
i (small polaron hopping) FL 5 ML, [RISRELMT BT~ SRk AE 17 H A B m i
P RFL B2 R R MRS 700 A AR iR R A AT &, 1 Rl F B R G 71,
FL BRI P R A B, B I IR AR s Y, FE S IR IR T e st 5
FUE A TEEANH . HA, 45 Mn:Co:Ni:0=1.56:0.96:0.48:4 )% k4T
BESRA 7 FALIA R B /IME, T BLAE 14-25 wum [RIS20 403 B P9 2 B L i
w82, B P B FU IR R T R S PR, R AN A L AR T
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@ Wi . SUF @ /TR T
B 4.1 52052k o R )
Figure 4.1 Schematic diagram of cubic spinel structure

Mn-Co-Ni-O # B #IZIK RS SRR F IR, 3 B B L e
DR 2 T Sf A A e IS P A A B IR R 4 i i By, F el R B A, &
T R A IR 28 4F . 8-14 pm 2 — DNEBEWLLANRRE B, 280,
F MCNO #EHMZLE 0.5-0.6 eV FImr B, I HAE R RLLAM T 113 B (8-14 um)
PCREG, THRRE k — M 0.01 &2, KA HE BB S kit By BBl 41 41
FER B ARG 8, — i =, A RO R 28 T B4 B il =
SRR RE S AR LT AN BRI o EZ BT RORME TAE R, R ek 4 SR Z vT LA
R AR AR LT A BB P W AT R T8O 7 Sl L S 1) 18 A bR AT 11 3 A2 ) Ay il
VEIET 42 8 B AR (1) B R 54 o AR SRR AT J — Fh 7 R S8 B IR B AL
AR SCRIERIN #8141 vt

4.2 SisN4/NiCr/SiO: Bt K 23 5l &

FEXIREFErh, FRATEAT 7 —Fh3E T MCNO R 5 Ak 58 7 27 S A
MG, A e R EEH LR O VR BUZ, TRME SizNg/NIC/SiO: ==
ZER IR 45 44 DL s MCNO JHEISELE Hh s 21 700 BBl P FRIWRAC, ) 45 e 7 e
WA A 1.33-25 pm P B8 I BT B PRI E 4

A I AL A/ BRAE AT B A KK Mnis6Coo.96Ni0.4804 #1E ESCELE
Ea B AEE R,  DUK ISR SARE F D4k BOR R 1 H . HESHanE 4.2
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FIi7R, 1% SisNa/NiCr/SiOa WSt 4h ko T- BRI % 1) VU =, B BT~ 40l

N SN M JZ NiCr &J8 )2 SiO 4425 )5 . L MFHERBIE T SiaNa />
R FRNELF . BUREERRIRE L T DM E IR E ISR, RN

1000 nm; 25 225N 8 nm -12 nm {J NiCr 542, NiCr 7E R 4B B E

AR, kAH, FTRMERLAME B IZ: 55 =2/ 100 nm [¥1/E SiO,
i, YEJN MCNO B 5 NiCr Z [/ 244 )% .

() (b)

Sia Ny
iCr

B 4.2 (a) TSR SRR (b) W=
Figure 4.2 (a) Schematic diagram of the absorptive layer; (b) Cross section of the absorptive layer
AV I RIS (RF) AL 22 ARE (CSD) £ % A T E Al
FZANEEE R MCNO i, B e ATIELEL RF &S 10 pm JE 1 MCNO 7
B, AKTESHWER 1R AREEESGRE R E N 750°C, JIRRFSLR
[AJAC5E N 140 /NIF, LIRS AR ) 10 SR BRI R .
2 4-1 RF #i % MCNO # I T 255

Wit 2% ¥l
HRIRSE (°C) 750
W T2 (W) 50
fE = B4 (Torr) 9%10°
WS SE (mTorr) 3
RN 4H45,(>99.99 %)
W B8] () 140 (10 pm)
LT Npr S 1.2 nm/min
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SRIG XA CSD 7R AE W 6 A0 Ao T ol £ AN [ JEL 32 ) el B e o, LA
T 2R 4.3 FoR: %O, CRRE QRGN RIEM B, Hrixe
7 IR T EE 5109 Mn:Co:Ni = 52:32:16 W LFRERVEMAEVKERIR T, AR5 R &V
WOEIE 0.2 pum VE ST JE AT UE DABR LR AR5, IXREAS B 5 407 ALK
FEE . BRI AK-4 SJIRHLAE 4000 r/min (153 T FF4E 20 s KB iR
HERAAK L, FRERFEZE, KRB PUEER K, B 57E 250°CF
T Tmin ABR 25 B G NI, SRFETE 750°CHIIRE FREATIB K 5 min, BEEE
IRUTBURI R AL 3 T ASRAS IR A5 T 75 RO M6 5 B o 763X B IRATTME RS 1 e i 25 )=,
50 )=, 75 JZEFER MCNO B, =144 200 nm.

CHOMn/Co/ Ni/Cu CH;COCOH
- PHIECE i3
BT LR A 3 W
"le RE @
S ]
Iy ERALIE ()
e[
4 BRI (o)
v
Mn-Co-Ni-O 78 8

A

& 4.3 CSD i 4 Mn-Co-Ni-O 7 57 2 ]
Figure 4.3 Mn-Co-Ni-O film fabrication process by CSD method

W = BRYE 4514 1) SiaNa / NiCr / SiO2 WWSUZUTAAE MCNO I |, DLk
T AR ST FE A BRI AT o R I fRL T IR S R BT () T VA AE 200°C T AR A T
(Si02) MEPTFAAE MCNO i b, JEFERN 100 nm. 85, 85 A XRS5
%4t (LDJ-2A-150F) JiAR NiCr WUz . {8 <8 oA Ni:Cr=80:20 1) NiCr ()

a5, Hh TR EEE N2 10 nm () NiCr A AWRYL)E « £ DT Z 11,
W A 74 B A 2 4 5%107 Pa, I H TAE K 7175 0.02 Pa it il = 26 (> 99.99 %)
S AR S B T . BT RERILE N 500eV, B TR EN 70mA, Tk
SHE R L8 9 nm/min, I B E N 100 FP o SR S5 B 1A 9 fb 25 SRR
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(PECVD) M5, @id 4 PECVD 80PLUS 7 THH#A KN 1 um [ SizNg
TRA)Z o B ERE (5%6) FIZUM USSR 13 8 43 53l B2 78 9 600 scem, 450 scem
120 scem, % &K /104 650 mTorr. WAk, WA IRE S 350°C, Wi H A RL) 15
nm/min.

X R PRATIERE TR R PRS2 A 10 um R MCNO B 46 50H T
YRR RIS Z R ae LA AR 2 an &l 4.4 PR, sl R 546
TEMWRIEF i ARAE MCNO i FOGZIH ARG 0.6 mm, [HAAZ) 400pm>10mm
RIZECETH, HEEREE UV EZIHAE T RIS £ MCNO JE F TR Ti/Au
(30 nm/150 nm) 1EAZAFHIE)E B, 85K MCNO 23 4FD1E1 5 55 43 B U~
9% 800 pmx400 pm )/, HABURIXIBNZ) 400 pmx400 um. J5 30K LLiZ#s
AT PEREM.

Incident IR wave NiCr All
: R iCr Allo ’
Silicon Nitride Y Lead wires silicone rubber

o \ \ // silicon Dioxide o Abf:y;;we / /
u electrode
X /‘\\ 7 oo
Epoxy Glue
/
YSZ Sub \
Sapphire Substrate Epoxy e Hosh sk
Detection Unit Compensator Unit
Heat Sink +Ve V-signal -Ve

(@) (b)

(©)

4.4 (a) MCNO R FS R gt~ 2 B (b) BATRUZ 1 MCNO 25 (17 2 B
(c) FEM MCNO FRIZR ) B FI MCNO BUR TSR 11 2 R B
Figure 4.4 (a) Sectional diagram of absorption structure for the MCNO detector. (b) The schematic
diagram of MCNO detector with the absorption layer; (c) A photo of the packaged MCNO

detector and optical images of MCNO sensitive element.

ER T T ZARRL, AT DTS 21 2 pm JEEEf) MCNO
FES 1) 2% WA WSO RN T W S &5 R PO BRI 2%, a8 AFan &l 4.5 B, il Z AR
79 300 pmx150 pm.
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*METT

& 4.5 (a) MCNO R #H3E K (b)2s st ZE R (o)SEM E (d) ikdsitn = E
Figure 4.5 (a) A photo of the packaged MCNO detector (b) Diagram structure of the MCNO
detector (¢) SEM surface structure of MCNO detector (d) Diagram of absorption structure.

fEFHEA CuKa fE5T (A= 1.5418) ) RigaKu D/MAX-2550 x HFZRATHHX,
I X GHATST (XRD) 7E (0,20) F9%L R SRR R34 - S Al
Bi (SEM) %55E B R R LA AR E . il ARG 1% 4 (Bruker 80V,
Germany) £ 400 cm ™ 2 7500 cm ™ {50 B P I 2 A6 3 50 AT B AR KB MCNO
FESREST (T) S (R il e BFFCIF H 1 A8 B AT SR B A WIS Z R i 6
AR _EAE KA MCNO JERIRICE (A JgilE, LA EA IZ ) MCNO
25 1 RE -

4.3 MCNO SRR
4.3.1 MCNO SERREEMITL SR 57

Xof il 26 4 ) MCNO B BEAT X S 4AT5F (XRD) M B 72 6l (SEMD
RAE, HHEA CuKa 525 (A=1.5418) [ RigaKu D/ MAX-2550 x HFZR AT,
I X HHATET (XRD) 7E (0,20) 8RB0 AR AR AL o S8 I A F 4
BREE (SEM) %8 BERTIE SRR . i 4.6 Fros AR XRD
WA RANET SEM B IINAL R . 5 RR M, FEREAZ Mg, HA R B
T (311) A1 (533) TR BISL T R ER A, MCNO IS0 H P B W 4%
BRI, B2 10 pm.
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[ (a) - } MCNo film
— = ~10pum
>
\‘P; ‘ ’ Sap?hire
7 8
c |
[
2
=1 = |& = s
g, |8 g -
I | " A
10 20 30 40 50 60 70 80

2 Theta (degree)

1500 =
—§-25 Ls
1000 S-50 Ls
3500 —— 8= Ls
~
3 3000
G
~ 2500 F
g L
g 2000 A -
-
= 1500 |
1000 l l I A A
500 l
0 " A A =3
N " " " " N
10 20 30 10 50 60 70 80

20 (Degree)

& 4.6 MCNO 3 jiZ t§ XRD ## SEM 447

Figure 4.6 XRD and SEM analysis of MCNO films

4.3.2 MCNO S#ERIE & 51 4
Je i A AE 57 6% 4 (Bruker 80V, Germany) fE 400 cm™ 2 7500 cm ™! [

V0 YN AE B R A AR AR KA MCNO RS BEST (T) RIS (R) 6k,
IR LR T AE B A SR R A RWZ S £ A AR EAKR 10 pum JEER
MCNO SRR (A1, ApEAl BA RIS B MCNO il 2% 1) 7 52 - MCNO
VR () 2T AR P A BT MCNO 2T /M HAER I 2% (1 B S 8. R4 A 3

Abs = |-R-T (4.1)
FATAT CATHE AN RE S e R i e, il 4.7(a) Fos, HA RERSE, T2
BEHR, Abs W, W& 4.7 PR, BABAEA BRI S A-
MCNO SR S A58 i 2R AE 400-7500 em™! fOTE R I . IEG0RG/E TR
TEHIBAE, RF AT 2 & MCNO JRAE 3-14 um (k~0) HITE N JL-F2E ),
Prif e n 29759 2.2-2.4, X BT ORI 24680, StigwEl 4.7(a) s, MCNO
VR 2L AN L B 2%, PTRARRRE TR . 7E 1.33-2.5 um (4000-7500 cm™)  [50

46



O 4 B OSE TR R I M LD AR I %

BN, ANOF3E =2 MCNO MR, HparsimT 0.5 eV (<2.5um) B7 881,
FWK, 1E2.5-7.5um (1300-4000 cm™) [FJFERHIPN, MCNO J# A1 5 A 4 i R
BN, BRSO B iR, 1A I A R ) MCNO JEIBE 1) 50 %6 MRS 82 U A
F NiCr &A1 B HER 7. 5=, 7 7.5-10 um (1000-1300 cm™) G
AN, BWEARRT ALO #1Y IR JR30A B TR i™. 204, #£ 10-14 pm
(700-1000cm™) HJFEFE N, MCNO #iEJL-F 2 E W ks YD, 1T A e AR
BB, I, B IR BOKE MCNO-E 52 A ST Ak SO 4 NiCr JZ IR
PR 55, MCNO 5 L AMRSIE A B T 14-25 um  (400-700 cm™) 78
FEL P9 AR P I B, e Rk HEAE 1 AR, 33 50% 2 60% I S AETE
WS S R s eh, AHELZ R, BRI SisNa 78 1Z0% K38 B P9 T AR 3F B St PRI
BT 20%. B2, X TRELGHRIZE, MCNO HEE 1.33-25 um [P
O Y SEBL T 2 50% & 90% [T MR I

100 v Y —— 100
(@) | ----T%of MCNO ----- T% of MCNO+Abs
----- R% of MCNQ -+ R% of MCNO+Abs
- 80 T% of sapphire 180
= g
Q SN N
8 60 '.r.\- o ‘; 60 8
© iy f it 7 =
= A T < S
g 40 i N 440 O
[72} g ()
o 1 6=
s i | i
— 20 i1 20
3 "-—-—"-.
0 - 0
15 20 25
Wavelength (um)
100 —— —
(b) P
Ny g
80 AN YN
— 1 nNLle = !
X R !
60f | A -
c - %
e i i "‘ P
=2 ) i 5 I -
S 40} i Vv ol
) 'l i A
2 | A i .
oL f -.--- A spectra of MCNO film |
- i
‘.‘ N — A spectra of MCNO+abs |
0 2 v‘.’.’.}ﬂ i 1 a 1 A 1 A
5 10 15 20 25

Wavelength (um)
B 4.7 A TR A4 A B9 MCNO 3 JE 09 3% K4 3 (a) BBk i (b)

Fig. 4.7 Comparison of T/R (a), and Absorption (b) spectra of detectors A and B
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4.4 MCNO R 2514 RERAE

T3P MCNO #RIES e, FRATIE 1A WSS 1 1 MCNO 51 %5 F1
Te US4t ¥ MCNO FRIZs (1A 5 R, e 92451, I B 7 P RR IR I 25 1T,
AR ARH A B DL S AR Bl AR 9 3 (R A AR 12 R

4.4.1 MCNO BIRE TR M R

ESEE I, AT 2E DC B F A Keithley 2400 Y53 & T #% > MCNO
FRMES CAWISZ AT ZE ) B S E 220-310 KI5 22 8] (1) B it - L PR A, 3
S A BB/ eI B O R AU SR AR A RN T PR R LB o [ i
7NN MCNO L BURR 078 I L2 TCR 2870 L BHIR B R B0 IR 45 R (R-T A0
TCR-T), & 4.8 ffizx, MCNO BUEIGLE 295 K (RT) I (R HFHZI A 298 kQ,
TCR 7£ 230 K-310 K HITE N LI N-5.8 %K £-3.6 %K. £ 2 (b) KK FR
7 MCNO 8UIciy I-V Fritk 4k, Horb i &t i e T B R RN, #E4H
O FEL S S ] P9 R s R T R A . X et SRR B MCNO TGS T JF A Vil
IR R M2 -

14 -3
D — i
12:‘ u ﬂ_uﬂ'“ L
E 10f, s -
e} p = 003} 1.5 X
?, 8t - '_J"I'E __ o2 °\°
> : ; E 0.01 =
5 6F = 000 1.6 14
= \ 2 01 O
%) 8 5 o
o 4F ! \ O 002
&’ 7 i 0.03 4-7
2 / ‘m ool e
4 L . 6 4 -2 0 2 4 6
i gy Voltage(V) 8
0 -..-,..._-.. o

220 240 260 280 300 320 340
Temperature(K)
A 4.8 MCNO Rl 25 LA TCR R IR ZAR4; 46 JREA 220K, 240K,
260K, 280K, 300K #1310 K B} H] IV 12k

Figure 4.8 Temperature dependent resistivity and TCR coefficient of MCNO detector.
Inset: IV curves at the temperatures of 220 K, 240 K, 260 K, 280 K, 300 K and 310 K

4.4.2 MCNO ¥R 25 55 2= Mfa) R 5 14
LAMRERTERERAE RALFE: PRy BARUR . Brilgs. AT EBOCS: . B n & H
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VR BB S TR As s SOE AT AEE, SR B IR R G 1) S B AR =
Kltn 4.9 pos. 7RI BT IS F ) MCNO #1528 A, AL
Z5F1 MCNO R 25 AN 25 B N 1858 MCNO R &5 1 Bt 2 a1y, kAT
i BAKYE (Electro Optical Industries, Inc. CS1050) 34T SEAARMNRN;, ARG &
%4 700 K, LB 7 mm, A LURYE Stefan & FETHE S RIERN S 1)
NI D%

_ &0(Ty=THApAg
s 2V2rL?

BB R e=1, o NRFE-BUREZHEEL Tos To A BRI
IR, Aps Aa 7309 S FLETARARI 25 T AR, L=12 cm 485 H A AL 22 18]
HIEE S .

4.2)

(b)

SRR s -
3 Bl | R bR [ |
s Y Jieil
ik (| e
| BT B BUATK
bl o N

B 4.9 BAFEMMKARS: (a) LWE; b) ~EHE.
Figure 4.9 Detection measure system for blackbody radiation: (a) practicality photo;

(b) Schematic diagram.
Kl 4.10 7R 7 MCNO PRI A6 700 K S A4 A AT A A PE i B, 3 Hp st
(1) K n] DR FE AR ik 2 3T 5

_ V|TCR| @2 A;

R, = .2_ R, = —Y¢  ——
14 i=1"Vi 2 i=1 1+(21f1))2

(4.3)
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A=n/Gi N ESE, o )y N RN (A RAENE G, N R AT
LA AL

ITCR|-Vp1

26V1twic?
FCrb PRl AR IR 28 R, Vi AR IR I 25 10 v BB, o AR ISR,

T RN EH, G ARHBTHE. WEAKA3), HEEHSHEN 26.7 ms

CHWRILSE R ERIEE D A1 22.4 ms MRS ERINES), 4l 4.10 fR. ATk
A7 M 7 AV AT AF DG PR e S 5, FRATTASE P ARG 75 i IO ES (x360) FHLH
JHORAE (x5, SR 560), $2fit 15V KRE R, SIEa 1800 £5. 7EM: A 1kl
B, RIS A AR BHAY 5, @i SR770 (Stanford, USA) sh&(E 5 AT &
RO A5 HUWE 7S AR 5 o S5 AR BT RN A H B MCNO R 854E 700 K iR JZ T
PRI NN 38.0 V/IW@20Hz, #RIIIZE D *4 0.81x107 cm-Hz™/W@20Hz, 5
TR 5 KA RO ER I 85 (K Wi Y SR (22,2 VIW@20HZz) M EL, #2774 70% .

Ry = (4.4)

250 LI Ll 1 L) IIlIlI L) I I llIIII
I e A 1000
2200 e o B ~
> N
3150 — I
>t z
c 100 |- >
5 {100 3
o L
x 50
0 Lol L aaaul 1 1
1 10 100
Frequency (Hz)

B 4.10 MCNO BRI 245 700 K EE A [ A7 5 gt 75 AR ] 26
Figure 4.10 Frequency dependent noise and responsivity of MCNO thin film detector to a
700 K blackbody.

TATFIF 1550 Hokss (MW-IR-1550) 3R5HEIBHEFT MCNO #8028 It [H]
WHONE, BTEORRE I REE, ANFHEROCSS. @i 4 OPHIR MhERit
AAR Pr/ St Al PLTHE 1550 nm HOGIRII NS IR ZE, Hd SroefE 5 Wi

B, Ad REBUBTTHIA R AR, B ASS T # @g= AgPr/ Sto FEZHTFTH, 1550 nm
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IS it 208 3.36 mW, ASDIZEEALTFZ0N 2.1 W/em?, @i {5 ]
600 MHz 7R% 8% (62Xi-A, Lecroy, USA), RATICTE T IEMEAEHTIAHE N 5 Hz
A 10 Hz N EIWRAS S, Hodh 5 Hz (0% T8 e 2RI 28 i 18] 5 4, 1)
(1) 35 R T i R LR ARL I 0.1-0.9 FIIEE B[R] . ARYE ] 4.11 FioR, MR ss
AR 25 ) LIS TR) 29749 13.0 ms, A BSOS A RN 25 1R i RZ R (8] 29 2 14.5 ms.

- 0.9V

Response (a.u.)

pp

=13.0ms A

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Time (s)
B 4.11 MCNO 4RI 25 A 1 B % 1550nm WOk 38 0 ST, S5 SHz, 20Hz.
Figure 4.11 Response waveforms of MCNO detectors A and B to the 1550 nm laser (@5 Hz, 20 Hz).

PEN— R RRIEE, MCNO AIUES T, WS 3R, A 2 D Al LR

AT

D* =

"/, (4.5)
Nv}j;A_d (4.6)

HrpVe WBUETBURES ELHL, @ R il 83 I NI D3, A AR Z A
ROAA, Ny, & IR AE A D)3 X B, XT 1550nm BOGIE, A RIS
IG5 AN TR S5 AL BRI R AE 1550 nm FOGHR I N B S 2R, tHEL 717y 98.6

V/W@20Hz 1 70.4 V/W@20Hz.

BEARST MCNO FRI 25 33547 A0 X6 575 180 &, FAT14E H Bruker 80V {8 371
AR EREAY, FHETEEE A 400 £ 7500 cm™, FHHEEZE N 1.6 kHz, H ARGtk
I E TP DTGS #OB RIS (W 4.12(a) Fian) 1E NS BRI #sHE47 )

RN, SR E A 4.12(c) Fs.
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A =3 =
- 5 o) \ Detector

Rl

> Y l fowt

3 y I A.

!

DTGS detector MCNO detector Focus lens

(C) Michelson / \

interferometer

~
Sample Globar ~—
Chamber

I J Focus lens

B 4.12 (a) Mk DTGS #RIUEE (b) MCNO JEEERIES () AHXT M 9 1 ) & S 6 2%
Figure 4.12 (a) The photo of a commercial DTGS detector, (b) the MCNO film detector, (c) the

experimental setup for responsivity spectra measurement.

BRI ES A F1 B X Globar IR & B N 1% 411 B 4.13(a) iz, A LIS A w k.

DTGS [0 1% 1 92 2 00 25 R 5 AR X i L

o MRYELE 1550 nm ALIEMIR,

8, @&r DB AR s A F B BN B N i B2 38, an & 4.13(b) Bt
N, TRINES AR B I OGS B 55 1.33 2 25 pm (5870 .

0.08

(a)

0.07

— 0.06

u

< 0.05
0.04

Response
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\ S O O T O I B

0.01
0.00

3350 3400 3450

Wavenumber (cm™)
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8o}
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Wavelength (um)

 4.13 (a) TRIEE A F1 B Xf Globar IR JEIR S 46Kl IR IHMIRNZE B TGS
(b) A A1 B HIAHN [ Y AE 1.33 28 25um v 6l P A EL g

Figure 4.13 (a) Response spectra of the detectors A and B to a Globar IR source. Inset: interference

signal of the detector B for the IR source. (b) Comparison of the relative response

spectra of A and B in the range of 1.33 to 25 pm
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