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Abstracts
The application of double banier (DB) structure in p-i-n amorphous si l icon (a-Si) device was studied. The theoretical study was done
to obtain device parameters such as tunneling probabil i ty and cunent density. The tunneling probabil i ty was calculated fy employing
the Schroedinger equation, WKB approximation and Green function. Width of potential well ,  rvidth and height of barr ier wcre varied
to obtain the highcst tunneling probabil i ry value. ' fhe current density rvas contr ibuted by dif fusion, and tunneling cunent densit ies. I t
was found that cunent density had a peak of3950 A"/rn'at 0.56 volt  forward bias. Furthermore, the fabi icat ion ofp-i-n a-Si device
with double barr ier structure was successful ly canied out. To real ize the double banicr structure. optimization ofoptical band gap of
barr ier a-SiC:H was donc by varying rat io of CLI4 to [CH4 + Si l '14]. The f 'abrication of p-i-n a-Si device was then done by using
Plasma Enhanced Chemical Vapor Deposit ion (PECVD) technique with a structurebf glass substrate/TCO/p-a-Si: lJ (2.15 eV;140
Ay i -a -S i :H (1 .81  eV;  1800 A) lbar r ie r  a -S iC:H (2 .36  eV;  45  A) /po ten t ia l  we l l  i -a -S i : l l  (1 .81  eV;  30  A) /  bar r ie r  a -S iC l :H (2 .36  eV;  45
A ) / n - a - S i : H ( l . 8 l e V ;  l 8 0 A ) / A l . T h e l - V c h a r a c t e r i s t i c o f  t h e d c v i c e s h o w e d a p e a k c u r r e n t v a l u e a t 0 . 5 5 v o l t f o r w a r d b i a s .
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S a r i

Simulasi dan fabrikasi struktur double barr ier pada divais amorphous si l icon

Aplikasi struktur double barrier (DB) pada divais anrorphous silicon (a-Si) telah dilakukan untuk mernperoleh beberapa paranrctcr
divais sepcrt i  probabil i tas tunneling dan rapat arus. Probabil i r^s tunneling dihitung dcngan mcnerapkan persamaan Schroedinger,
pendckatan WKII dan f lngsi Creen. Lebar sumur potensial.  lcbar dan t inggi barr ier telah divariasikan untuk mcmperoleh harga
probabil i tas tunneling yang maksimum. Rapat arus total dari  divais dalam perhitungan ini merupakan jumlah dari rapat arus drfusi
dan rapat arus runneling. Dipcroleh bahwa rapat arus total memil iki  ni lai  maksimum sebesar 3950 A/m' pada tegangan bias rnaju
0,56 volt .  Selanjutnya, telah berhasi l  juga di labrikasi divais p-i-n a-Si dengan struktur double barr ier. Didapatkan bahwa
karakteristrk I-V dari divais rnenunjukkan adanya puncak rapat arus pada tegangan bias rnaju 0,55 volt .

Katu kunci ; anrcrphous silicon. double barrier, probabilitas tunneling, rapat arus.

I  In t roduct ion

Amorphous Sil icon (a-Si) material has been widely used
rn several electronic devices, because this material has
several advantages, such as: the energy gap of a-Si can
be varied by introducing the carbon ( C ) or nitrogen (N)
atom in sil icon matrix during the growth process of thin
fi lm a-Si (a-Si:H), carrier t)?e (p or n) can be detcrmined
by giving impuriry to a-Si. Besides, this a-Si material can
also be easily grown on a large area at low temperature
(200'C). Those advantages make the a-Si material a
cheap material to be applied on various semiconductor
devices, such as solar cell, thin fi lm light emitting diode
(TFLED) and photodioder .

Performance of the various semiconductor de viccs
rnentioned above can be enhanced by improving
efficiency of l ight emission and absorption. The usage of

double barrier structure constitutes a solution to enhance
the efficiency. Previous study have shown that the
double barrier structure can increase the inje^ctron
efficiency of charge carrier (tunneling probabil iry)'. Up
to now the use of double barrier structure in a-Si device
is sti l l  very few. Thus the success of this research is
expected to contribute to the application of the quantum
mechanics based structure in a-Si devices.

2 Resul t  and d iscussion

The total current densify that penetrates a p-i-n a-Si
device have been successfully calculated by using a
simulation process. The obtained device parameters have
bcen used in fabricating the p-i-n a-Si device with double
barrier structure .
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2.1 Simulation

When a bias voltage is applied to a p-i-n a-Si device,
electron from n-type layer and p-type layer will
recombine inside the i-fype layer. The electron that enter
the double barrier will gain the tunneling probability at
resonant state. The runneling probability (T) of cliarge
carrier was calculated through the Schroedinger equation
by using WKB approximation, Green function, and
Lorentzian approximation as followl-6.
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In this case, T,u* = the maximum tunneling probability
without inelastic scattering, l.r. = contribution of %
resonant width, l;, : contribution of inelastic scattering,
f. = contribution ofscattering due to reflection ofhole or
e lect ron,  f  :  f i , * f " , " ,  y :dampingfactor(y:  I  means
elastic scaffering, y : 0 means inelastic scattering), E, =

energy ofincoming electron, and Es = resonant energy.

At resonant state, the funneling probability of charge
canier that pass through the double barrier will
eventually approach one. To calculate the resonant
energy, the equation proposed by Heading was used as
followsT.

cos (Kb)cos(kw)-[(k'? - f2y2kt<1sinh(Kb)sin(kw) = cos
(nnN) (2)

where : K -

= number of barrier (in this case N = 2), n: l, 2, 3,
......etc = energy level in potential well, b : barrier width,

$6 = barrier height, and w : width of potential well.

From the equation, the resonant energy appears for a
certain variation of b, w, and $ only. Figure I shows the
electron tunneling probabiliry that was varied as a
function of bias voltage for several values of b, 0u, w, Eo,
with y : 0,9. From the three plot in Fig. I it can be seen
that maximum value of the tunneling probability is the
same. The peak shift occurs for dilferent value ofEs. The
runneling probabiliry for different value of 1 is shown in
Fig. 2. From the Fig. 2 it can be seen that the tunneling
probability reaches the maximum value at energy of the
incoming electron is exactly the same as the resonant
energy and it can also be seen that the larger y the larger
the maximum value of the tunneling probability. This
fact tells us that in double barrier structure the elastic
scattering is more likely to happen than that of the
inelastic scattering.

After obtaining the tunneling probabiliry, the tunneling
current densiry is calculated by using equation proposed
by Tsu and Esaki as followso.

.  u f

.  e m  l , ^J,,,, = ----;-; ldE-TIEF - E")
2n'h'  )

, J,,N

.  (  t r - y  E F  I
=' l^ , lv  I  rar-*  l ' '  ^  ' - ' ^  |

) n z h r t  J  .  J t z n - t ' z ) I d L ' l
I  o  Eo - r  )

PROC. lTB.  vOL.33.  NO. l .2001

for eV < Ep (4 )
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Figure 1 The tunneling probabil i ty for b = 1,7 nm, 0r = 0,3 eV, w
= 6,5 nm and Eo = 0,28 eV.
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Figure 2 The tunneling probabil ity for b = 1 ,7 nm, {6 = 0,3 eV,
w = 6,5 nm and Eo = 0,22 eY.

where Ep = the Fermi energy, V bias voltage. The result
of the calculation of the tunneling current densiry is
presented in Fig. 3. Figure 3 shows that pattem of the
funneling current density follows the pattem of the
funneling probability.

Total cunent densify that penetrates the device is a surn
of the tunneling current density and diffusion current
densiry. The diffusion current density is due to the
difference of charge carrier concentration befween p-i
layer and n-i layer. The diffusion current densify comes
from recombination of hole from n-type layer and
electron from p-fype layer. By applying bias voltage to
the device, holes and electrons will be injected into the i-
fype layer and recombine in the i-type layer.
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Figure 3 The tunneling current density for b = 1,7 nm, Ob = 0,3
eV, w = 6,5 nm and Ee = 0,28 eV.
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and plot of the total current densiry is depicted in Fig. 4.

From Figs.3 and 4 it can be seen that peak of the total
current densiry gain L5 as high as peak of the runneling
current densiry. The total current densiry will increase
after decreasing at energy of incoming electron of 0.40
eV so that the peak to valley curent ratio (PVCR)
reaches 1.875. From Fig. 4 it can also be seen that the
total^cunent densify reaches the maximum value 3950
Nm' al energy of incoming electron of 0.28 eV or 0.56
volt of bias voltage.

2.2 Experiment

2.2.1 Optimization of energy gap (EJ of the barrier

The barrier height in the p--n a-Si device is equal to %
(E, barrier - E, layer-layer). The barrier energy gap can
be varied from i,8 eV up to 2,36 eY by adjusting ratio of
CHa to CH. + 5;110 as shown in Fig. 5. From Fig. 5 it can
be seen that the barrier energy gap will increase as the
ratio increases, In other word, the barrier energy gap
increases as the content of C and Si is increased. This
fact is due to the binding energy of the Si-C is higher
than that of Si-H.
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Figure 4 The total current density for b = 1,7 flm, 0u = 0,3 eV, w
= 6,5 nm and Eo = 0,28 eV.

The calculation of the diffusion current density was
started from equation for builrin potential (Vbi) that was
obtained from equation for drift curent, and then the
densiry of minoriry charge carrier was calculated at each
layer. Afterward, the diffusion current densify was
finalized by using basic equation of continuity for
electron and hole, basic equation for electron densify and
hole densify, and equation of recombination rate, so that
we got equation for diffusion current density, as follows.

, -( qDoP,o , SDnnpo)1^r,0, ,\J a , t  = l  * - ,  ' , "  
-  ' t  ( 5 )
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where Do, Dn = coefficient of diffusion for hole and
electron respectively; Lo, Ln = diffusion length for hole
and electron; npo : the thermal equilibrium of electron
concentration in the p-rype layer; pno : the thermal
equilibrium of hole concentration in n-fype layer. Finally
the total current density that passes through the device is
a sum of the total tunneling cunent density and the
diffusion current density, and it can be expressed as
follows.
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Figure 5 Variation of the barrier energy gap (a-SiC:H).

2.2.2 Curcent density of the p-i-n a-Si device

The fabricated double barrier structure of p-i-n a-Si
consists of several layer. There are glass substrate/p-a-
Si :H (140 A;2.15 eV)/ i -a-Si :H (1800 A;  l .8 l  eV)/bamer
a-SiC:H (a5 A; 2.36 eY)li-a-Si:H (potential well, 1800
A; 1.81 eV)/ banier a-SiC:H (a5 A; 2.36 eV)/i-a-Si:H
(1800 A;  l .8 l  eV)/  ) /n-a-Si :H (300 A;  1.81 eV)/AI .  As a
comparison we also fabricated p-i-n a-Si device without
double barrier with i-fype layer width is a sum of barrier
width and i-type width inside double barrier sffucture of
p'i-n a-Si. From our measurement of I-V characteristic,
it can be seen from Fig. 6, that p-i-n a-Si device with
double barrier show a peak current at 0.55 volt of bias
voltage is equivalent to twice as high as resonant energy,
while p-i-n a-Si without double barrier does not have any
peak,
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Figure 6 l-V caharacterist ic of p-i-n a-Si device.

3 Conclus ion

We can conclude our result as follows:

l. The study of simulation and fabrication of p-i-n a-Si
device with double banier structure has been
successfully canied out.

3 .
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The resonant energy of the double barrier structure
only appeared for a certain value of barrier width,
barrier height and potential well width.

Maximum value of current density lrom simuiatron
appeared at 0.28 eV or equal to 0.56 volt.

The current peak obtained fiom measurement of I-V
characteristic was in a good agreement with
simulation result.

Acknoledgement

This research was supported in part by Domestic
Collaborative Research Grant (DCRG), which contract
number 014/DCRGruRGE/2000, Directorate General of
Higher Education, Ministry of National Educatrcirr,
Indonesia.

References

Wenas, Wilson W., The 3'd Lltorkhop on Electro-
Contnrunication and Inforntation (WECI-lll.),
Bandung,  (1999).

2. Hamidah, Ida, The 3'd lltorkshop on Electro-
Communication and Infornnlion (WECI-lll),
Bandung,  (1999).

Takahashi, K, dan Konagai, M, Amorphous Si/icon
Solar Cells, North Oxford, Great Britain, pp. 97 -

r63,  (1e86) .

Garcia - Calderon, The Physics of Low Dimensional
Semiconductor Structure, Plenum Press, New York.
p p .  1 0 7  -  1  1 6 ,  ( 1 9 9 1 ) .

Ricco, B, & Azbel, M.Ya, Physicul Review B. 29,
pp .  1970 -1981 ,  (1984 ) .

Sze, SM, Senrlconductor Det,ices: Plrysics antl
Technologt. John Wiley & Sons, Singapore, pp. 30-
97,  ( r985) .

6. Booker, SM, et. al. Semicond. Sci. Technol.,7, pp.
8439-844 r , (t992),

1.  Col l ins,  S,  c t .  a l . ,  J .  Appl .  Phys. ,  63,  (1) ,  pp.  la2-
r4e ,  (1e88) .

8. Tsu, R, & Esaki,  L,  Appl.  Ph.ys. Letter,22, 191J,
562.

z.

4 .

5

l .

,  -_1,008-07

Br,ooe -oe
t

;1 ,00E-Os
o
: a  n n c  4 n

/ J  
r , v v L - r v

3 .

A


