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H [ K22 S-S M F B Fe 122 InGaAs HiR
BliR 5> FRIMEE R SWER

B4R D2 kD EEFEVD O JfgZ v
BHEED) BRI ERY

1) (PEBEEREE R, SR Y S BOR 2 E AR, bt 100083)
2) (TPEBRER K= AR 5GBS, LT 100049)
3) (PG AR I-RIOEH EF TG, 2L 430223)
(2026 4 1 A 5 HY3l; 2026 45 1 A 21 HikEIEUH)

BEXT 1550 nm % B IO R 19 R 2% D' FL 5 R 2 X iR M BB G L AT RE I T SR, AR SR IR 43 T R AN AE
LA KT InGaAs:Fe W, BF5T T Fe 18 2% ¥k B2 X M4 008 45 44 5 00 S22 M o 0% R s LA . 10 40
X SR AT 5 % 5 B A R AE LS R R TS InGaAs:Fe Wi B A & GA &, Fe TLETE InGaAs )2t
SEILT 518 2% HR UL B A 2 B uk B AR . RO R i — PR T Fe 544 B 5 6 BB S PR R
M) BT AS G FR . 45 R R, 1E Fe B 251 B 1 6.0x10% cm 3 B, #6530 SR 0 0 45 B v 2R R e, 0 7 ik
AMIKZE 2.05x 101 cm 3, HLPHZE AT 27+ = 381.82 Q-cm, 3R T B R K F 796.89 cm?/(V-s). ML4h, FlH €F
W 285 2 T - TR g A A5 5 8 B A A AR 0.65 ps. ASBIFFY SRy T e £ M L PR e O A AR 250 L

KL T HBL S HE.

KEIA: Fe 8% nGaAs, W%, 70 RIME, HOWSH, fiis T
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1 3

AR, KAFZEIT OIS RS (terahertz time-
domain spectroscopy, THz-TDS) & i ML 45 & 1l
AT TR LR BUZ A I T B &
J& W2 A iz RGO AL B, Kbk 2% 6L S
KL (terahertz photoconductive antenna, THz-
PCA) il H1 2 AR R | DG HL 5 2 14 8 i i
3 WAL, R THz-PCA EZR A 800 nm [
25 [AOG IR I GaAs FEADRHIF ] 57, X (45

il
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RO EKE AR 2 HAE B St ek A
(Ti:Sapphire) #HOGAF. 53 THz-TDS #)/N 4L
57 4k, BF & EBC 1550 nm il {5 9 BOGL 0
RS THz-PCA € R i i Sl ) 5 2 A
% J7 1) B9 &R X F 1550 nm 3% B ) InGaAs
MBHA R, 278 BRr RS2 e, A2 SRR
51&58 GaAs MoEHR Z AR, MAEGH SR T
VEIFEE, BRAR GG H SR MR 22 [ I A2 3 ¢
S AR RE: SRR (102—10% Q-cm #4%) LI
Tl I R JAE 18 P O B2 s e T v O PR 3 B Ll
R T H LTI RS R (500 cm?/(V-s) LA L) DI

* ERAAR RS (HEHES: U25D8011, 12374459), rf ERL 7R g st i H - (S XDB0460000) Hlrh [ERFA e 4R
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SRIBESOGHLI, LA KR 28 5 B P e 4 1 8 e F 1
-1 LA S LR PR g AR 001 XF 1550 nm Y Bt
WOGHUA I THz-PCA K, HATE A 20t
HL S E AR S F O, 45 GR InGaAs(LT-
InGaAs)12 i &R B4R InGaAs!s 1 JoiB ik
B AR InGaAs/InAlAs H 5A% 1619 &5, Hop 7
Y 2% InP:Fe #fJIE_FAMEAE K1) Fe 4% InGaAs
(InGaAs:Fe) w5, FEA5HAL 1285 1ERE, Bk
et ke THz-PCA B4 (AR 1.

X InGaAs:Fe WEM BRI, A KT ZM
VP2 W2 RPRH HL 2 VERE . BB A DL A
4 (metal organic vapor phase epitaxy, MOVPE)
FEAEK InGaAs:Fe 8 I8 I A7 7E W 10 1945 290 591
M Fe B4 BT 110" cm 3 I, #PRHE KA
AN B H ) P RS S AL B R RO X 2 T b
BEHL A PERE R E— B Ak, BRI MOVPE 4=
K1Y InGaAs:Fe B B B BHACA 6.2x10°
Q/sq, FEF A ERSE THZ-PCA &S 44 RESK
B 2.5 THz #9565 50 dB fe K sh 736 F A Kb 2%
ik b g L AL Z R, 28 TR AME (molecular
beam epitaxy, MBE) £ AR H AR A K AL
e, WIS Fe B4R LM BEHETT. 2017 4F, 78

5 RVER 1 DR B A - 2 I 5 BT R T ARG A3 1 3R
M (gas source-molecular beam epitaxy, GS-
MBE) i 4= K ) InGaAs:Fe (LT-InGaAs:Fe) 7
RAE Fe B2 35 5% 10% cm 3 FHBREAEEE N
RIS FETIZMDRHR 25 0) THz-PCA 5 d T 5
B 6 THz i 96 &% 95 dB WfH 3 2538 Fil i Kk 2% ik
wpéESt 4. 5 MOVPE Fl GS-MBE tH ., [ 5
F W AHME (solid source-molecular beam epitaxy,
SS-MBE) 7EA: K& FIRARHRA 75 Z i i, 1 5%,
SS-MBE 7£ # i B4 5% (<1071 Torr) FigfT,
HAF 5 AR vk B KT MOVPE 1 GS-MBE, H.
KR 2l A A BT R B S YIE I EAT R, BERS
AR RARBOE B AR, BORINIE A5 1 Ak
afi . HR, SS-MBE WRE B 2 il b iR B2, fig
S AN HAR e HLAT A () S s A R, A LB
PTG D45 BE ) REAS AT I~ 2 B8 A1) ) v e
Sy S AN, FRECT IR R (AsH;, PH;)
() MOVPE F1 GS-MBE, SS-MBE {ifi 75 4 [ {4
PERTRE, AU BRI T 512 36 28 11442 42 JAUSS:
AW U, WRIR AL TR AL BT, AT
B ER ORI R A P R AR, B AT E AR

SS-MBE ¥ J& i [i] THz-PCA 1 ) LT-InGaAs:
Fe MEAFEAN 0B =

EExt iR R R SS-MBE H & T — &5
KA Fe 74k B InGaAs:Fe i J& A9 1K 75 7b 4E A=
K. RH ZWREF Y (secondary ion mass spec-
trometry, SIMS) & T FE i Fe 420 B IR E
23 (8] g3 A, T o R X AT S (high-
resolution X-ray diffractometer, HRXRD) 55}
HL - {2 /8% (transmission electron microscope,
TEM) B8 1 iR 8 R R | OB S-S5 4190 73
ikl Fe 422Uk B i v A8 AU . 38 o 2 JR A8 ik
133 T ARIE Fe 15 2 FE A 0 1 2 1 L 2= PR RE Pl
Fe 1522 W B () A8 AL AR ) CRD I A8 2 Tl - 1R
DU £ ARG B T A i B CRD RS B S, I
PAF T BRI T Far. 25K, Y Fe B4
WREHR 6.0x10" cm® B, FE B AR HLZEAH
SEPERE, B U BB BRI &
T a9 R 2.05%10' cm 3, 381.82 Q-cm,
796.89 cm?/(V-s) F1 0.65 ps. 1% BT W EAS BHY
W&, N e St R R BE THz-PCA g8 41
TR S

2 SLinitAE
2.1 HREK

ASCH T A R S 4R VG-V80H SS-MBE
RGFERH Fe B2 4% InP(100) )i 4N E
AR ZRGRA T EAE SR (In, Ga, Al, Asy)
K Fe BARIR. 1EAERKFBEIFIAET, #HRERKREH
B, JooK SR 25 B T OKIE VRIS, BT o
& 200 C FFPAFE 2 h, SERATIRBRS. BEJE, AR
WA R In, Ga, Al K As Y5 B9 o 5 2550 %
5% (beam equivalent pressure, BEP), LU & 45 I
P n A KR, T Fe 20T Y BEP (1%
TR TR, Joik B34S Fe U9 BEP,
JT DA A S5 3o K o ) Fe 500 3 L SE BLAS [F]
FER B 2K . FEM TR A KA, I i
Z 600 °C HAEEF 20 min IR mEZ; W],
MR THEZE 300 C BHIFa As IR AT
Asy SGHURS T B 1R LR i 1L 58 i R
PRI Z 380 C. #2545, AMEAK 0.7—1 pm JB
) InAlAs 25 b2 (KK 1 h), iZ BB In, Al
As Y5 % BEP 43 3% 5 & 2.48x10°7, 0.62x107,
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6.53x 106 mbar, XJ W 1) V/IIL Lt 21.06. b5,
kel K 1—1.4 pm JE ) LT-InGaAs:Fe #fE (15}
£ 1.5 h), iZM Bt In, Ga, As I BEP 4355 &
}2.48x10°7, 1.76x10°7, 6.53x10 ¢ mbar, Xf i i
V/IIL H R 15.40. SE5 s f Fe PRI 731
BHoM 1090, 1098, 1108, 1112, 1114, 1120 C, il
T —RINEAANN Fe B4 E R LT-InGaAs:Fe
TETEARE .

2.2 TR

NS Fe #8201 € &40 B, AT SIMS
XJ Fe J5IRE R 1108 °C ARE LA TR BE §I T 234
% SIMS MEE R —J7 1B 7~ BLEURE i Fe J0R
AR B 25 (8] 731, AR 5 S s i Bk, SIE B
X4 R BN Fe 18 241R B 1A 5L

R FRAE FOR R B RE S B AR B, SR
HRXRD (Bruker D8 Discover) 345 1 4% £ i 1
TS PRI LRI, IR 2. it — 20 WA
i ORGSR = [0, R EE TR AR
%t (focused ion beam, FIB, FEI Helios G4 CX)
il 5 # E  H, Hlad TEM(JEOL JEM F200, T
YEHLIE 200 kV) ZRAGFE i 1 = 20 BE R . R, 45
& Y 8 8- 13 7 AR (high-
angle annular dark field-scanning transmission
electron microscope, HAADF-STEM) TAEIZ T
1 e & A H0E (energy dispersive X-ray spectro-
scopy, EDS) 704t , 3848 T80 4418 53 B 4R A58 T 9 A
ICER A [ A5 B

ARAE IR RIRE ) L 2R o, FAT TR 25
B R4 (physical property measurement
system, PPMS, Quantum Design PPMS-9T) ifi
o YRR AR B R R A TR A AR TR S
H LR HEA T, O b T3S B O AT A R
TEGHER B, 3 i T CRD B A ZE I - PRI ) 2 B AR AR
FFFEARAE 1550 nm PHBOLHKL TR CRMBRS I
S5, I B E0 R BUh A 4 B TR i ) A T
FEAR.

3 SLIRAERETH

3.1 FeiBZiRERIA

ASSCHF SIMS ¥FRE S b Fe 18 2493 BE (1) IR B
AT HEAT T RAE. B/ 18 Fe YRR M 1108 C B

FE ALY SIMS TR BE 43 A it 2. FATTLL InGaAs:Fe
HNIEJZE 54 Y ARIB IR InAlAs 25 wh)2 2 ] Fe 18
He U B BRIRAE N S FE dn . i 1 AT UL, A
FEJZRME 1.18 pm IREVEH N, Fe Bk ER
SEEFFFE 6.0 10" cm 3 22y, S TP 4H Y
O3 EAGES AR S R T Fe V508 &0 5 R
BN, WRBLT Fe JEF1E InGaAs Mg H R iF15
ZeB 5 . AEARIE AR, 7548 SURB AR InAlAs
G op)2 P ER E| Fe SLRIF S, 76 3CHR [14,20]
WL E G, Honl B AR K B ) Fe JR
FHYHL

1020

1019 F

1018

1017

Fe concentration/cm~3

_ InGaAs:Fe

InAlAs

|
|
|
|
|
|
|
|
|
|
|
|
|
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|
|
5! <
il

16 L L L
10 0 0.5 1.0 1.5 2.0 2.5

Depth/pm

Bl 1 Fe IR 1108 °C WIAE M Y SIMS PR B 4317 il £k
Fig. 1. SIMS depth profile of the sample grown at Fe source
temperature of 1108 C.

A WFE £ B, 76 FH MBE 4 K Fe 18 24
GaN R, Fe 18240 -5 U5 5 B {5150 2
FEEOCR. BB bR R T, A HE MR R
Fe WUFHERITGRE E, B 22, X—AR LU EE R
TE b S i SR R G BT A8 e 2 R 23 JE X
FHTAL, X6y 2k =k

C = Ae B/ (bsT)

Hrp, CHBAWRE, A WIEATRE, E, MTHEM
TG RE, kp NILIRZ 2 W E, T A XHRE. I
MBE FFJ@#HRMERS, Y BEP SR 2 [ A5
FIFIREE 2 BT e S iy B ARz O R, FRAT19
AT Fe FIREE N 1220—1250 °C I By 52l BEP-
TR, WA R Fe IR TFHEKIGRE E, N
3.81 eV, %A 5 A T W 24 rhid o 28 <1
FERRBAF I FHRIERE (=3.82 V) HYI G
B, LR A Fe YRR B A 1108 °C i Y 52
B, BRI A3 2] Fe 15240k 5 bl U5 B v 72 (1)
B {e e S R IA KN © = €775 . 7318/ (1) |
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Hh, CHBIRWIE, kg WYIRIESHE, TH
da iR . TR IR, AT T A HE R
PR Fe URIRLEE XTI 45 2 vk B, AR 45 R nk 1
Fr%). f % 1AL, Fe JEIEE M 1090 °C T+ & 2
1114 °C, Fe B 42 E B 3.9x10" cm ™ # & 3
6.9x10% cm ™.

F£ 1 LTS SHOT BG4 Fe R F Fe 2

Zh vl BE A A

Table 1. Estimated Fe doping concentrations of the In-

GaAs:Fe samples grown at different Fe source temperat-

ures based on the Arrhenius equation.

Feif i /C AR /K MBI /em™
1090 1363.15 ~3.9%10Y
1098 1371.15 ~A.7X1010

1108(Z:HE) 1381.15 6.0x 10"
1112 1385.15 ~6.6x101
1114 1387.15 ~6.9%101

3.2 XRD FI{F

Kl 2 FoR T Fe P52 1090, 1098, 1108,
1112, 1114 C BHREEA X AT (X-ray diffrac-
tion, XRD) %, &l 2 AT UL, Brf A 5 5 XRD
i 2FAa, U InP:Fe #)E 5 InGaAs:Fe 4 E
JE RV RFAEATT S TR T PT 3, AU 1) % IO AH ) A S5

W | 3 4] A5 150 WA T ik 45 () InGaAs:Fe W RRE 5y B
A R AF 0 A SE R R 254, InAlAs 2 vh 2 1Y RE
TEAT S A PG o 2R BE S B, 4 [ R A T 2
B, BT A S R AR TG T PR ok b
AT SR AT 5

InGaAs:Fe (004) InP:Fe (004)
[nP:Fe (002
gz [mP:Fe (002) InP:Fe (006)
E /1090 °C
g
5 1098 °C
S~
>
=
z ;l 1108 C
2
=
(1112 C
l (1114 C
20 40 60 80 100 120

20/(%)

Pl 2 A Fe iR E T InGaAs:Fe K i ) XRD &3
Fig. 2. XRD patterns of InGaAs:Fe samples grown at differ-

ent Fe source temperatures.

K 3 JR7R TR IVFE S AE InP (004) 177 5 14 R
IR HRXRD B3 KXt R #2428 i £ W&l 3(a) Br
/N, W% Fe 1822 W T F, InGaAs:Fe ¥ A7
SHERAXT T InP:Fe #fIEATHNIRE A E T %, 23
RIS G € R I QISR SR MR AN

(a) InP:Fe (004) (b) — 1090 <C (c) — 1098 «C
— 1090 C . o . o
g  loes ¢ 104 FWHM: 0.538 104 F FWHM: 0.614
g — 1108 C — —
s — 1112 C o ¥
o) — 1114 C j=2 j=s
=
S ? 10% 4? 108
i Z Z
7 o) 3
£ = R
8 | S 102t S 102t
= [
I
: . , L 10! 10!
62.0 62.5 63.0 63.5 64.0 63 6
20/(°) w/ (%)
(d) — 1108 °C () — 1114 °C
- FWHM: - - FWHM: 0.614°
o0 o 5
2 2 2
» 108} » 103 » 103
g o o
() Q Q
E P R
= 1021 = 1021 = 1021
10t T T T 101+ T T T { 10t T T T T
65 66 67 68 69 70 63 64 66 67 68 63 64 65 66 67 68
w/(%) w/ (%) w/ (%)

B 3 (a) AR Fe B EZ T InGaAs:Fe #: & 1) HRXRD [E3¥%; (b)—

VLAY S i ) 425 422 ot

(f) Fe JRE B 4 1090, 1098, 1108, 1112, 1114 C B, InGaAs:Fe

Fig. 3. (a) HRXRD patterns of InGaAs:Fe samples grown at different Fe source temperatures; (b)—(f) rocking curves of the diffrac-
tion peaks for InGaAs:Fe thin films grown at Fe source temperatures of 1090, 1098, 1108, 1112, and 1114 °C, respectively.
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HE 3(b)—(f) RFEEE I Z T WL, RAE AR & 1Y
HIETE (full width at half maximum, FWHM) 2
P S R E s N . AR, MBE
RIRA KRB S Fe R+ b 4 SAs &AL,
HLAE A b LI R0 ] B o A7 i T XA 0,
TP 67 7 2 238 2k AN [R] ) it A% Wi A2 1L 52 el
nft AL TR BB B, Fe i1 EZ LR
P e XAEHE, UL InGaAs FHIFHE T (In 5 Ga)
S T Fe JA 2B (117 A) /N In(1.44 A)
M Ga(1.26 A) 7, XA RIS FEREIK
45, INTF B UM 0N, R Fe B0 IE
FHEr, Fe JFF-28 o 16 fnAs W B AL E . (R B0
B RN 2 FBORAE 7 A RN AS A5 e H AR
1. X — L] T G 2 S 0 v XL 3] ) s
B E Y sk AR AR bR . [R)BE, FRATTHE
I FWHM e 5 n 35 A8 5 Fe i
BEVIAC. ERBZR T, Fe T2t A7
WAFETE, TR ERES, XFBREE TR
S AR 0 JC T S5 OW R AR, F 30T FWHM 13
I S4B vk B AR LT R, B Fe i34
2%, IR A 5 R B s B I 0 T SRR e |
AL AU 7 T3 KT . AP RO g AR A HTH
W/ T A R i AR AR B DT AE S5 b O
I FWHM /. it — 22 2 i Fe Ji 778 LT-
InGaAs:Fe WAk b By b ALARAS, IRATE 20k A
F X 5 26 W SORS 41 45 ¥4 1i% (X-ray absorption fine

structure, XAFS) X i TR AZRAE.

3.3 TEM 5 EDS Rt

Bl 4 €78 1 Fe 5l B 1108 °C W AF 5 Y
TEM K EDS B4, K 4(a) Jg ke 5k # im i 45
TEM K&, 7] LIFE i, InP:Fe #1Ji§ )2 . InAlAs 2%
)2 InGaAs:Fe SME JZ2 22 [a] EL A I i (4 7180
K 4(b), (c) 4518 InGaAs:Fe FMIEJZ X 35k 1) 155 43
B TEM EIHE B FE X I A PRk {8 5L i A5 8 (fast
fourier transform, FFT) KI#E. M & 43 #E TEM &
A PAE 1, InGaAs:Fe ZMEJZ i g7 R #AHED , 1&
AT 1 A% 25 S0 B 28 A AR X 3. XF R Y FET &
FE SR OB ) B R S BRE A, TC A A K BOR
WS, EWAERH T InGaAs:Fe #MNE)Z A & i
B4 N B 25 . [ 4(d) Sy InAlAs 2 vh )R 5
InGaAs:Fe #MiE 2 FL i X 35 ) HAADF-STEM [
B B 4(e)—(@1) 0l Mz X3 Ga, As, Al In &
Fe JLZE I EDS M KL, Hrh, Ga 5 AlJTR
B0 AR R HE HE— 2 AAIE InAlAs Z2 )2 5 InGaAs:
Fe SNIEZ 2 [BIFFAERA /0 L. B 4(3) h Fe JT0E
) EDS T3 R UL Fe JHF E 8T H424] 1
BA InGaAs FMIEZ . FEGRINRS BEJE Bl Py, R DL
W1 Fe 5 ImT sk A4, LAk, InAlAs 2%
MEP W T Fe TRFE S, #E AT 585 HMEA:
K& Fe I 4804 ¢, FEMIERE L, X Fe I
TR EE AR 9R 1090, 1098, 1112, 1114 °C AYRE Stk

InGaAs:Fe

200 nm 200 nm

InGaAs:Fe

InAlAs
1 um InP:Fe

5 nm~!

200 nm

00 nm InAlAs

200 nm 200 nm

Bl 4 Fe iR M 1108 C K, B SR A R 1 TEM B4 & EDS I HM G (a) BB E KA TEM E12; (b) InGaAs:Fe J2
A (75 433 TEM EI5; (c) B (b) XF 07 Y FET IR (d) B & i # i HAADF-STEM B4 (e)—(i) GatH . As Tt #E . AL E .

In JLER J Fe JTLR M I 19 HA% 4 EDS 134 K%

Fig. 4. Cross-sectional TEM image and EDS data of the InGaAs:Fe sample grown at an Fe source temperature of 1108 °C; (a) Low-

magnification cross-sectional TEM image of the sample; (b) typical high-resolution TEM image of the InGaAs:Fe layer; (¢) FFT

pattern corresponding to (b); (d) cross-sectional HAADF-STEM image of the sample; (e)—(i) false color EDS maps of the Ga, As,

Al, In, and Fe elements, respectively.
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17 7 AR TEM K EDS 201 (P8 WL %b 56 41 K
(online)). 45REM, 76 Bk Fe PHRE T, Frete
wn IR IR e T A B LA, 5 HRXRD 45 —3
BB, 24 Fe YRR 1090 C FHE & 1114 C
BF, 5 i R S R IR 3 B i ) Fe R (b sk (41 7%
M.
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Table 2. Room-temperature Hall measurement res-

ults of InGaAs:Fe samples grown at different Fe

source temperatures.

FelfiiE S #HFWE  HpE TR
/C ESyA| Jem 3 /(Q-cm)  /(em2V tst)
1090 N 8.58x 10" 40.18 18.10
1098 N 6.79%x10% 294.89 311.55
1108 N 2.05%x10" 381.82 796.89
1112 N 2.38x10% 345.1 759.79
1114 P 3.07x10% 31.28 650.59
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Fig. 5. Cross-sectional TEM image and Fe element EDS data of the InGaAs:Fe sample grown at an Fe source temperature of

1120 °C: (a) Low-magnification cross-sectional TEM image of the sample; (b) magnified TEM image of the sample recorded from

the blue region in panel (a); (c¢) magnified TEM image of the sample recorded from the red region in panel (b); (d) cross-sectional

HAADF-STEM image of the sample; (e) false color EDS mapping of the Fe corresponding to panel (d); (f) FFT pattern correspond-

ing to panel (c); (g) magnified HAADF-STEM image of the sample recorded from the blue region in panel (d); (h) magnified

HAADF-STEM image of the sample recorded from the red region in panel (g); (i) false color EDS mapping of the Fe corresponding

to panel (h).
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Fig. 6. Electrical properties of n-type conductive InGaAs:Fe samples versus Fe source temperatures: (a) Electron concentration

versus Fe source temperatures; (b) resistivity and electron mobility versus Fe source temperatures.
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Fig. 7. Femtosecond transient reflectivity spectrum of the

sample grown at an Fe source temperature of 1108 C.
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Abstract

To address the growing demand for high-performance photoconductive materials compatible with fiber-
based 1550 nm lasers in terahertz photoconductive antennas, this study systematically investigates the growth
and physical properties of low-temperature Fe-doped InGaAs (InGaAs:Fe) films fabricated by solid-source
molecular beam epitaxy. A series of InGaAs:Fe films with varied Fe doping concentrations are epitaxially grown
on semi-insulating InP:Fe substrates to optimize the electrical and optical characteristics required for efficient
terahertz generation and detection. The experimental approach combines advanced materials characterization
with electrical and ultrafast optical measurements. The Fe doping level is precisely tuned by controlling the Fe
source temperature from 1090 °C to 1120 °C, yielding estimated doping concentrations ranging from ~3.9x
10Y cm™ to 6.9%10Y cm 3. High-resolution X-ray diffraction and transmission electron microscopy coupled with
energy-dispersive X-ray spectroscopy are employed to examine crystalline quality, microstructure, and elemental
distribution. Electrical properties are evaluated using room-temperature Hall effect measurements, and carrier
dynamics are probed via femtosecond transient reflectance spectroscopy. The structural analysis confirms that
InGaAs:Fe films grown at Fe source temperatures up to 1114 °C exhibit high crystalline perfection without
detectable phase separation or Fe clustering. However, at 1120 °C, Fe-rich nanoclusters form, leading to phase
separation and degraded crystal quality. High-resolution X-ray diffraction rocking curves and lattice parameter
evolution further indicated that Fe incorporation influences the lattice strain through a combination of
substitutional and interstitial occupancy, with optimal structural coherence observed at intermediate doping
levels. Electrically, the films show a strong doping-dependent behavior. As the Fe concentration increases, the
carrier concentration drops sharply from ~10'® cm™ to ~10'® ¢cm™, while the resistivity rises from tens to
hundreds of 2-cm and the electron mobility improves significantly. The sample grown at an Fe source
temperature of 1108 °C (corresponding to [Fe] = 6.0x10! cm?) delivers the best overall performance: a low
carrier concentration of 2.05x10" c¢cm™, a high resistivity of 381.82 -cm, and a high electron mobility of

796.89 cm?/(V-s). Moreover, this sample maintains N-type conductivity, which is essential for terahertz
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photoconductive antenna operation. Femtosecond pump-probe measurements revealed an ultrashort carrier
lifetime of (0.6540.01) ps, comparable to state-of-the-art materials grown by gas-source molecular beam
epitaxy, confirming the suitability of solid-source molecular beam epitaxy-grown InGaAs:Fe for ultrafast
photoconductive applications. In conclusion, this work demonstrates that solid-source molecular beam epitaxy is
a capable and safe technique for producing high-quality Fe-doped InGaAs films with tailored electrical and
transient optical properties. The optimized InGaAs:Fe film with [Fe] = 6.0x10" c¢m ® simultaneously fulfills the
key requirements for terahertz photoconductive antennas: high resistivity, high mobility, N-type conductivity,
and sub-picosecond carrier lifetime. These results provide a reliable materials platform for the development of
compact, high-sensitivity, and broadband terahertz systems operating at the telecommunications wavelength of
1550 nm.

Keywords: Fe-doped InGaAs, film, molecular beam epitaxy, microstructure, transport properties

DOI: 10.7498 /aps.75.20260014 CSTR: 32037.14.aps.75.20260014

090804-10


http://doi.org/10.7498/aps.75.20260014
https://cstr.cn/32037.14.aps.75.20260014
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

T ) AR %% 't FB 3 SLF iRIF e 38 2% InGaA s R R B R 43 F SR AN EAE K S W HER 5t

RAEN MIAR FHRF WEZ FRE KR ER

Solid source molecular beam epitaxy growth and physical properties of low—temperature—grown Fe—doped InGaAs
films for terahertz photoconductive antennas

YIN Yukun  YANG Wenlong HOU Xiyu  SHIHaiyan LI Donghai ZHANG Zitong  PAN Dong

5] Fi{i &, Citation: Acta Physica Sinica, 75, 090804 (2026) DOI: 10.7498/aps.75.20260014

CSTR: 32037.14.aps.75.20260014

TELERE View online: https://doi.org/10.7498/aps.75.20260014

BN 2 View table of contents: http://wulixb.iphy.ac.cn

AT RE RSB HAN S R

Articles you may be interested in

YRR T TR e AL 3T RN i g B

Two—dimensional magnetic transition metal halides: molecular beam epitaxy growth and physical property modulation

YrH2E 4. 2022, 71(12): 127505  https://doi.org/10.7498/aps.71.20220727

MnTe LB SME R 5 . AIE SR ZE 1Y N H iz ik
epitaxial growth, intrinsic point defects and electronic transport optimization of MnTe films

YrH2E 4. 2022, 71(13): 137102 https://doi.org/10.7498/aps.71.20212350

FIFHInAs/GaAs B 745 4 S T InAs B 1 05 8 TR IX O 45 #1361

Improving structure design of active region of InAs quantum dots by using InAs/GaAs digital alloy superlattice

WAL 2023, 72(12): 128101 https://doi.org/10.7498/aps.72.20230270

Au(111) e B SR AT 45 25 P oT AR i M B 3L 5T

Theoretical study on surface plasmon and hot carrier transport properties of Au(111) films

Y2, 2022, 71(22): 227801 https://doi.org/10.7498/aps.71.20221166

At UE BCIn As/ AIShEE SRS B HI 701 RN A A5

Growth of lattice matched InAs/AISb superlattices by molecular beam epitaxy
YIBR2FAf. 2023, 72(1): 014203 hitps:/doi.org/10.7498/aps.72.20221383

InSh(111)fe] i b AMEA K Ak F M S A 1 /B 1) 2 S P oY
Comparative study on epitaxial growth of stanene and bismuthene on InSh(111) substrate

FEEEAR. 2022, 71(18): 186401  hitps:/doi.ore/10.7498/aps.71.20221024


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20260014
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220727
https://doi.org/10.7498/aps.71.20220727
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20212350
https://doi.org/10.7498/aps.71.20212350
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230270
https://doi.org/10.7498/aps.72.20230270
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221166
https://doi.org/10.7498/aps.71.20221166
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20221383
https://doi.org/10.7498/aps.72.20221383
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221024
https://doi.org/10.7498/aps.71.20221024

	1 引　言
	2 实验过程
	2.1 样品生长
	2.2 样品表征

	3 实验结果与讨论
	3.1 Fe掺杂浓度表征
	3.2 XRD表征
	3.3 TEM与EDS表征
	3.4 霍尔效应测试
	3.5 载流子寿命测试

	4 结　论
	参考文献

