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Vertically transported QDIP

Structure of VQDIP
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Periods of QD layer vs. FOM
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We can’t increase responsivity and detectivity at the same time by
increasing periods of QD layer
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Example of VQDIP
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Responsivities of VQDIP (VQWIP) are under 1 A/W

How can we increase responsivity of QWIP or QDIP?

→Use transistor type QDIP! Laterally transpored QWIP or QDIP 

Laterally transported QWIP (LQWIP)

Laterally transported QWIP

L-QWIP Structure
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Laterally transported QWIP
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Epitaxial structure of LQWIP
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Laterally transported QWIP

50um

25um

0 1 2 3 4 5
0.0

20.0u

40.0u

60.0u

80.0u

Vg=-0.1V

Vg=0V

Vg=0.1V

Dark

Id
s(

A
)

Vds (V)

Sample #: 0602002 Device E, T=292K

0 1 2 3 4 5
0.0

2.0u
4.0u
6.0u
8.0u

10.0u
12.0u
14.0u
16.0u

Vg=0.1V

Vg=-0.1V

QWIP-pHEMT #2, Device E, T=45K

Id
s

(A
)

Vds (V)

Vg=0V

°45

mµ375

IR

T= 292 K

T= 45 K

Laterally transported QWIP
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Epitaxial structure of LQWIP
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Responsivity Spectrum Measurement

Responsivity Spectrum Measurement

Cut-off filter

SiC IR source

grating

focusing
chamber Cryostat chamber

Current Amp

Lock-in Amp

chopper

D.U.T

chopper controller

Standard MCT detector is used to calibrate responsivity spectrum
Three optical long-wavelength pass filter(2.5㎛, 4㎛, 5.5㎛) is used
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Laterally transported QWIP

Photocurrent Spectra (raw data) with different window area
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Laterally transported QWIP
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Responsivity spectra with different Vbs
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Maximum Responsivity of LQWIP ~ 140 A/W !!

D*= 1x1010cmHz1/2/W

Laterally transported QWIP
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Laterally transported QDIP (LQDIP)
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Laterally transported QDIP
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Structure of LQDIP
TEM image

907

1018

900 1000 1100 1200
0

1x103

2x103

3x103

4x103

2004-10-11 22:41
0523-QDIP-Temp.Dep.PL.opj / Graph1

QDIP NSC-Lateral Temp. Dep.-PL     R;0.4 nm,    D;NC-Ge(250V)   Lsr;Ar+ (100 mW)

PL
In

te
ns

ity
(a

rb
.u

ni
ts

)

Wavelength (nm)

PL at T=10 K

Laterally transported QDIP

1010

1011

20 40 60 80 100
0

1

2

3

4

5

D
et

ec
tiv

ity
(c

m
H

z1/
2 /W

)

R
es

po
ns

iv
ity

(A
/W

)

Temperature (K)

At 3.6 µm

2000 3000 4000 5000
0

1

2

3

4

5
19K
77K
100K

LQDIP Temp dependent

R
es

po
ns

iv
ity

(A
/W

)

wavelength (nm)

Spectral response
Temperature dependent characteristics
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Laterally transported QDIP

0 1 2 3 4 5

1n

10n

100n

1u

10u

100u

Vgs
19 K
77 K
300 K

I ds
(A

)

Vds (V)

Vgs= -0.4 ~ 0,6, step: 0.2V

-3 -2 -1 0 1

100p

10n

1u

100u
19 K
50 K
77 K
100 K
120 K
140 K
170 K
200 K
250 K
300 K

LQDIP, Ids-Vgs

I ds
(A

)

Vgs (V)

T

Threshold voltage (Vth) is changing as a function of temperature!

Vth

Laterally transported QDIP

0.0 0.1 0.2 0.3

0.0

0.2

0.4

0.6

En
er

gy
Ba

nd
(e

V
)

distance (µm)

∑QQD

Vth decreases if ∑QQD becomes positive

0 50 100 150 200 250 300

-2.2

-2.0

-1.8

-1.6

-1.4

-1.2

Vt
h

(V
)

Temperature (K)

as ∑QQD>0



6 

Laterally transported QDIP
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Conclusion

• Absorption layers (QD or QW) act as a optical gate
in proposed LQSIP

• Responsivities of LQSIP are proportional to trans-
conductance (Gm)

• Photocurrent of LQSIP can be switched by its gate
voltage

• Maximum operation temperature (Tmax) can be
predicted from temperature dependent Ids-Vgs

measurement


