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Annealing Effects of a-Si:H Field Effect Transistor
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Annealing and hydrogenation effects in the a-Si:H field effect transistor(FET) are investigated. After
450 °C-annealing for 1 hour, threshold voltage and on<urrent increased. And then the hole current, which
was not observed before annealing, appeared. After 7f plasma hydrogenation, hole current disappeared and
electron current remains unchanged. Hole current reappeared after 350 °C-annealing. This reversible change
of hole current was attributed to the variation of potential barrier at the source-drain contact. After
450 °-annealing the Fermi level move down to midgap and hole barrier disapeared. After hydrogenation, the
hole barrier reappeared by increase of doping efficiency. This effect of hydrogenation disappeared with

350 °C annealing because of evolution of hydrogen.



Photo-leakage current in a-Si:H TFTs
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1. Introduction
2. Off-state leakage current in a-Si:H TFT
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4. Technique to reduce off-state leakage
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Off-state leakage current
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 Off-state leakage current in a-Si:H TFT

O A-Si:H active layer
1) Cgaric loff OC O4ar at flat band
Cgark™ Oo€XP[-(Ec-Ef)y/KgT]
Deposition parameters : T, RF power, gas
flow rate, deposition mode

- 2)Band gap
Egz(EC-Ev)o %—7|-, O dark 7':1L—/'\—
Deposition parameter : T, Impurity

(N, O, C, ..)
3) Impurity (F, CI, B, P, N)
E. 0| S
Deposition parameters : gas-phase doping
Out-gasing

4) Hydrogen concentration
Cy 37t = E, &7t
Deposition parameters : T, H, dilution
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ﬂ) Back interface \

1) SiN,/a-Si:H
Interface
a-Si,N,H a-Si:H
22ev | ¢
E
I v L AV t :
53ev =1 198y — E;
Y E
Charged
126V interface states

Work function2| xto| —
Electron transfer —
Electron accumulation layer B T,
— High off-state current

, de
2) SiO,/a-Si:H, SiOF/a-Si:H.
Interface
Sio, a-Si:H
— E.
Er
oH fond A
> .
Depletern 447

High interface state y y
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ﬁ) Gate oxide \

Iy (A)

Q (fixed charge) /

Fixed charge
Mobile charge

O Passivation layer )
A } , U 5%;
Charge Lined Y o %

a-Si:H
SiN,,
—

Glass

O N* contact £ i
: Hole blocking (n* a-Si:H, n* pc-Si)
How to make a good n* pc -Sion a-Si:H

Semiconductor & Display Lab., Kyung Hee Univ.




4 Photo-leakage current
O Origin
Electron
Electron-hole generation
G, X neue=nfarep=n1:_q_e@e

n : quantum efficiency |

f : photon flux | B) M7af§ s

o : absorption coefficient —> V4
T : recombination lifetime —> | (& 4%

O Display performance N 200l (spencpnely.
1) Contrast 24 |
2) Cross-talks
3) Non-uniformity
4y Flicker
O Importance
1) Smaller TFT
—> smaller gate area
—> higher photo-leakage current
2) Self-aligned structure
3) Multimedia display
— > high brightness
Projection display

; 4)
\ > high intensity backlight

Semiconductor & Display Lab., Kyung Hee Univ.




d Techniques to reduce off-state
leakage current of a-Si:H TFTs

O Active layer
1) a-Si:H TFT with two-layered a-Si:H

a-Si:H(Cl)/a-Si:H({P n*a-Si:H

Source

Inverse staggered a-Si:H TFT &t 7+

' I'4
e |
MW’” ’

SINx < - 30nm ) a-Si:H
: E.
Er
E,

/_ /idw‘j
A P

17
~ 100 nm, if N4 (E) ~ 10®cm™

%
\
\ RT T RRN
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2) Decrease of active layer thickness
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Thickness dependence of 5,
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Fermi-level dependence of 6,
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5) Superlattice
6) Cl-incorporated a-Si:H
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