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Department of Electronics Engineering and Institute of Electronics
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Abstract

This thesis present the study on how charge capturing/escaping of quantum dot (QD)
layers affects measured the electrical characteristics of Schottky diodes and field effect
transistors (FETs). For the Schottky diodes with QDs, the current-voltage (I-V) curves
measured at low temperature exhibit different turn-on behavior from those without QDs,
which can be explained by effective resistance model of QD layers. Clear features from
QDs are observed with the frequency-dependent capacitance-voltage (C-V) results.
According to our analysis, the C-V features can be attributed to the charging/discharging of
QDs’ inter first and second energy levels.The extracted carrier capture/escape rate
increases with increasing temperatures. For FETs, two sample structures are studied. The
2-D channel under the QD layers cannot be depleted by gate probably due to the distant
gate metal. The other structure, although the 2-D channel can be well depleted, the
charging states in the underneath QDs cannot be revealed either by I-V or C-V
measurements. Further studies are needed to realize the QD-based memory device in the

future.
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PR B A B ARRARRT L TR T ol 3 Q2D REE AR & D
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Chapter 3

AFXSILBALFHRY TR Y Plend 3 A EWagapn F oo H - i&{ﬂ? sHp-L g
Wk A - e B 290 RWMER . RSP AR AT &Y e DlhE Rk

AE FREFEF R IR ZETIHERAANZ T REREZTHER LR o

3.1 HA- g~ i
AP et G 4R n'=GaAs & & 12 A F R & ds (Molecular beam

epitoxy ~ MBE) & & #155% £ Bhibfh o B9 At F oY % 2 BG4S A-Ln36T7 -

\\-

& B-Lm3368 o H 544 3. 1(a) ~ (D) #77m = #e & A 2 B do B4 % = & 2 InosGanssAs

/InAs/InosGansAs €+ 2 G- @ &k 2 B U B & 50 2 ok 2 GaAs 5 B IR - @ k&%

B R ft B 3R 2 A 00 iAo S A B B 2 & & i & 40 1520°C ~0.033 ML/sec. ~
i@ # As:=1.5(E-5) torr ™2 &5 gheg A %A K 5 1(E+10) cm’ @

n - GaAs 50 nm

i = Ing45Gay gsAS 3 nm
i-InAs QDs n - GaAs 50 nm

i- |n0.15Ga0.35As 2nm
n- GaAS 500 nm n- GaAS 500 nm

n*-GaAs buffer n*-GaAs buffer

n*-GaAs(100) substrate n*-GaAs(100) substrate

1~ @& AW - (D)5 B BHW -
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A BTV RL RN o REFT - TR BiRs Biocf g WARLR > F 2L X
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£F U(HCI H0)=(1110)Dip i3 it 4 %48 5% 5 4 2 § 415> £ 11 D. L. Vater
Foefe kg te @7 8 ~ E-Gun @ & {7 f #&( Ti/Au )=C 20/ 300 nm )& st -
WEARDIAE LB M ER S B R 21 lift-off ¥F R > T - &K

TOAERIEMEAREOC R ERL AT MR SN[ 2 lift-off 3%

BEF Rt s 2 D1 Water iF % fe NovRig o
) # & &

d 3o ek A Ln'Gads 0 Flt B Afk St a Blivwe s BT e

Bl B R T TRES AR DT BB REDI R G AR

#

=K

DRI R A S AR R R R 0§ BAEFG AR R B4R G B
SR HEE Re peh s R SRR AFRL 0 B G kA TUAFRRIS S T AR g O e
ARl B o

() LCC #&73

A R AR ARY S T AFPRECA TR € AT ERIEE L
R B Rk S s i Bt 2 LOC AP ok & F THROR Y o B £ B
TR HE A o 2 L BAFPUR & K0 R F R &2 20 LCCHE & ff cniB o > -t 4F 18 0

w3 LOCF et md 5 2 @ 0 417 10004 fa B 523 fdege 0 R0 487 27 0

PR S LCF RS - A BR LB N 5 Tt 4R 1R BFH Y B
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gt AR HRALLA BT MR F LB R WRG RO AR E S B
Bz @R F 7 ORI i) RI-TRY e oL R M2 e R AREE
F BT e ST ERFHRP 0 S L GaAs B FIFfIF A F A S EF &
PTREERZ B R K PREIRT A S 2 B30 0 (1InAs & GaAs & K B #72) 3 chg +
2o (2)GaAs fr AlGarAs ¢nf Fi g #3)2 eh- BT 5 § €3 © (3) n'#B o ALGarAs
Bkl R hflF o F %Y F PIOREX T URLS G EFRE N BT S F 20
S 5 C-Rn0632 2 2 €3 B - BT+ § 2 T Stk & E-Lmb264 &5 A1 &
B AR EBET 88 F 3K 2 $HRHE S D-Rn0633 ~ tR & F-Lmb266 * % 3w B %
o M324M33ET S, B SNEHE S 5 C B® ¢ 2 200 nm GaAs ¥ e
& ~ 300 nm AlossGaoeAs ~ 40 nm # 4532 5 2(E+18) cm ’ Alo s:GaneiAs ~ 10 nm Alo ssGaosiAs
20 nm GaAs ~'InAs £+ 8:A& v+ % 80 nm GaAs » @ k& E Siefle 7z 200 nm GaAs ¥ i+
K ~InAs 24 -~ ~20 nm Gads ~ 20 nm AlosGaowAs ~ 40 nm # 3¢5 2E10° cm’
AlosGaosAs 742 10 nm GaAs o & C~E £ F BLE & & if i 5 533°C ~ 0. 056 ML/sec. ~

i § As:=T.1(E-6) torr e

i - GaAs - 80 nm i - GaAs - 100 nm
i - InAs QDs :
pRr=STa— i = Aly33Gag6,As 10 nm

i = Aly 33Gag g;As 10 nm n* - Aly 33Gag g7As 40 nm (n*=2E18 cm?)

n* - Aly 35Gag g;As 40 nm (n*=2E18 cm?)
i — Aly33Gag g7As — 300 nm
i - GaAs buffer - 200 nm

S.l. - GaAs Substrate S.|. - GaAs Substrate

i - Aly33Ga; 5As - 300 nm
i - GaAs buffer - 200 nm

W32+ 555 S HER@ESC DEED-
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i- GaAs 10 nm (b) i- GaAs 10 nm

n*- AI0-33Ga0-67As 40 nm n*- A|0.33G30I57AS 40 nm
i - Alg33Gag gAs 20 nm

i - GaAs 20 nm

i - Aly5:Gag g7As 20 nm

i~ GaAs 20 nm
i - GaAs buffer - 200 nm

i -InAs QDs
i - GaAs buffer - 200 nm

S.I. - GaAs Substrate S.l. - GaAs Substrate

W33 H5hELSHEM@ESE DESF -

3.2.1 &FEK3

Frxg Lot enlizkt 5 =3 o 285 (1) :iMesa k¥ o (2): iR/ xiEkE -(3):
MiEktY -Mesa 2% 5- B& 1600 um {5 100 um shE& = A58 % - 4o 3. 4(a)“777 -
o kY RiR/xtEk B4R 3. 4(b) o 0 & 180 um > B 160 um ik 2 A5 E
f Mesa Blw Gt denff ek o @ & Mesa *F B & %2 180 um~ 120 «m~ 80 m~ 30 um~ 20
um~12um-~8um e TG > KF2Z BT FHEERORE AE o - fiiEkE
4o@) 3.4(c)#rw o MR E 200 um s B 190 um R 2 SRk EandR ek A H iR

B A5 160 um~100m~60um~ 16 um~>8um~4um~ 2um-
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MR B2 Geh B F o/ A BB H I A 4p 0 0 FHREY 5 AZ 5214E
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3.3.1 kg ¥ L E R A

RIS e X S SORICRR RS T & EE SRR R Tt Y R SoR)
AR - P REESS ﬁ*#w’%giéwPL‘uiﬁmiiﬁﬁ%%%’ﬁié
FRAZ EMA SRR AWMU § 5 K0Ty i L AP i R e h LRk
bren- fE 4] o Fr ko ¥k ko E— B AN R A Tk R R
B2t o HAET Y R k& T 0 GaAs K & mjr T gt R Raa £ 18 0
FHRETA?P AL IRBIET A2 T ARTAFACRAFT T - R LI -T
o mptpFaR T 2 T FUt F AR A LR > T B T % O F A
i TEFBENTIE AL oL kS N2 2 N g e
W 3.5 477 o Ifedfd MAREFHELAMEF NP UL RARTTHLR I RDGEL LS
[26~32] -

Conduction Band

® Non—-radiation relaxatipn
~ picosecond

¥ _
hw
Egap ¥ I e GaAs Eg,p

—] —~—mnanosecond

Valence Band

B 3.5~ gy b £ Rl kB
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InGaAs Detector

Mono-
N ﬁ%‘%_»o chromator
Lock-in amplifier
e i

=TT —=Focal lens-2 (15cm)
ﬁ“*” 2w N 1 4|:

B a8 o ’
L . A
éﬂ—ﬁ A Chopper Computer
sk P ——
. <= Focal lens-1 (5¢cm)
Sample

Stage |

3.6 ke £ R4 stw AW -

AR S E kR ek LA de Bl 3.6 om0 — BRI * kK S 488 nm % %

?%%é%ﬁﬁ%i%%’ji%d%ﬁ%1~2%a%§%1m%ﬂ$,ﬁgu
Mirror-1-Mirror-2 ke %3 84782 2 » @ R LR L Epl f e L4 21 s
e eF L Pam g o T FHE R HEN-2FFRP LRI KRR T R

2073 %o AR G S T SR A ST G e E SALE o ) G ff DR ST
€ KT F TR 3 gk d ke a2 B * Chopper eif o p k2 Se
MR U E F AR SR IS F P T2 5 o B kI * Focal
lens-1~2 KB EH &L E T oppL PEER L G- 12 r &2k KR s
* plkE 5 1~1.5 pm e InGaAs detector 7 2 #-F i giig 5 % BRI ELa Lock-in

amplifier - %“u? MER TR BRFIE B ER LR BR o
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3.3.2 REBRBETLEELER AR

TP #H TR R Agilent BISO0A § TR BT RMEBES LRl o >
WohEn - BERY o FEET 2200 V252 0k SMUL ~ SMU2 22 £100 V 2 # 5
THRSMUS~SMU4 v B g g AR F-TBREPY M3 &ET £20V2 270k 12
0~250 mV 2 A F 4B | kK~5 MHz =i T h2 (MU 2 BR17 % Zq kI8 %
B o RS 3 g LK Agilent B1500A 2 R BRI 2 a0t £ d 240 2
RE: BRI AT probe station {4 0 { FAAF A BRI R S TR EFTHIEL > A

WSS L THLF bt #F B iR 8 A 5 Agilent BIS00A ¥ - EiijT b

T

Agilent BI500A * =3 % &g

(AR TR RS AR T T RM AR ST

—RRMGE  2EESEZ REER SR 3T 45T -

Z M

Probe Station

B1500A

W37 -FETHLERIBTLE -
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3.3.3 "HRERBETZLEER AN
FEFTRERET 2L ERIPF 0 FU AR Y SR NGRS S R
qfe LCC + % T PEE - BRFLJI* BRI EKTEe T RERTILCCHEN 2RI E
Ml Ez oo RS ,T%? v & LCC 4% %%~ cryo-stat "EH Y R BE 3 o £ A%
CIT-cryogenics % "% M orqgp g B 1 % & * #78 B (temperature-controller) % =
T S B R %}%‘é SR K E F TR ST AR A SR RIER o LOC e
o2 4] % g 47 BNC-stage + > - 4] * BNC-stage } thdkcd T & “ri & 52 4k
e 2 TR o &w;}‘ﬂhrﬂ? TR TPEEREAI® BIS00A K§ iTF %Y 2T RAEREZ

b ’f]‘-%? WA RREER T2 AR HREER 0 R AW 3.8 T e
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=
=
=

B1500A
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temperature-controller

W38 "RELRBTHEIRIAFTLH -
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4.1 1 HA -~ 2 gy g

WALPEHESA a(FEE (D) CERET s Bl % i) 7 3
MHESABFERAET 01212 m 2 1158 mm k£ TG E K g » T ek
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1
V,=V,=2.3nV, logl—2 4.1

1

= k=1.38x1072(J/ K) (4.2)

(a) s n=5.96
| .-~ Sample A N n=4. 22

204K = - —70K g

1E-5

I (A)

1E-6 n=1.18 /
n=1.72

1E-7 4 n=2.65
1E-8 SR A..A'

St 2 . & soppedl. a

a A e L 2 g E =y

'Wﬁ% A:AﬁMﬁAMAﬂAMAMAAﬁMAA
1E-9 4———4r— T — T —T T T 1
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1E-9 + T i T i T T T T T T T T T T T 1
0.0 . . . . . 0.6 0.7 0.8 0.9 1.0
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70 K 90 K 110 K 294 K
# & An 2.65 2.4 1.72 1.18
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