APPENDIX A

ERROR ANALYSIS

Consider Z as a known function of several quantities 4, B and C,
Z=2(4,B,C)
Then the standard error in Z, AZ is given by [1]

(az) =(az,) +(az,) +@z.}

where AZ, = (—‘ZJM
0A
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AZ, =(6_B)AB

oo (Zh

and A4, AB, AC are the standard error in variables 4, B and C respectively.

Al Error of Refractive Index, An

From equation 4.6, the refractive index of the film is given by

n:,I)N+,jN’+n,z
where N=| 2 _+1 +2n, Lo ~ o
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Considering the refractive index of the ng as a q

" A6 is a

function of two variables
n=n{T T)
Therefore the standard error in n, An can be stated as

(an) = (AnT,., ) +(&nT,..)

...(A1.3)

...(A1.9)
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on
h AnT,, =| —— |AT, (ALS
where max [BT ] max (ALS)

‘max.

[
AnT,, = [6% JATm ...(AL6)

However it is quite arduous to evaluate on and o . For this reason an
T, T,

alternative method [2] which is less laborious and has equivalent accuracy is used. From
equation A1.5, AnTpay indicates the value of n when Tax changes by an amount AZma
while Tin is a constant, hence

AT max = M(Tnax + ATmax , Tin) = P(Tmax ; Tinin) (A1)
and in the same way

ATrmin = M(Tnax, Tmin+ ATmin) = P(Tmax , Tmin) ...(A18)

ATmax and AT, are then combined as in equation A1.4 to calculate the value of An. By

taking AZmax and AZmn = 0.5%, the standard error in the refractive index values

obtained for all samples, an <0.01.
n

A2 Error of Film Thickness, Ad
From equation 4.1,

=" (A2.1)
2n

therefore the standard error in the film thickness, Ad is given by

ad, T .[(aa),,T.[(ad), T
Ad) =|| = |Am = A4 — |An ..(A22
) [(am] ] +[(a/1] } +[[an) } 22
where Am, A4 and An are the standard error in order of the fringes, the wavelength and

the refractive index of the film respectively.

the standard error in the wavelength can be calculated as
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...(A23)

% values for all samples are less than 0.07.

A3 Error of Optical Energy Gap, AE,
From equation 4.27, the strong absorption region in an amorphous

q

or can be exp! as

o= A(E-E, L.(A3.1)
hence the E value can be calculated from a Tauc’s plot of v versus £

c
E, = -
where ¢ and m are the intercept and gradient of the graph respectively.

Therefore, the standard error in Eg is

...(A32)

AE
It is found that the standard error in £ as determined from the Tauc’s plot, 5 £<0.02

for all samples.

Ad Error of Hydrogen Content, AH%

To calculate the error of hydrogen content in the film, other standard error need
to be calculated such as Ao, ASpans, AI and ANy, which are correspond to standard
error in the wavenumber, the Spans, the integrated intensity and the atomic density of

hydrogen respectively.



The error of wavenumber, Aw,:

.(A41)
The error of Spand, AShana can be calculated from equation 4.35,
Az
Spana =— 7= ...(A42

therefore
2 2
M _ [(%) {2 } (a43)
'band

A, A4, B and AB can be calculated by using equation 4.38,
In(y)=1n(4)-Blo-o,)’ ...(A4.4)
where In(4)and B are the intercept and slope of the plot In(y) versus (0-o0,)

respectively. The value of 4, A4, B and AB can be acquired from the regression of the
plot at the selected region.

The error of integrated intensity, A/ can be determined from equation 4.40,

1 = St ..(A45)
wa
A (88, (80,) :
hence A A | | A% ...(A4.6)
1 Spand o,
The error of the atomic density of H, ANy can be distinguished from this
equation, N, =1x(1.60x10") ..(A4.7)
s0 AN, = AI'x(1.60x10") ...(A48)



The hydrogen content, H% in the a-Si:H film can be determined from this

expression H%= Ny x100% ...(A4.9)
5x10

£

Hence, the error of hydrogen content, AH% is

AH%:( A”"n)xwo% ...(A4.10)

5x10
0,

# for all samples are between 0.07 and 0.16. So the values of A]Z//o < 0.2 for all
0

samples.

A5 Error of Microstructure Parameter, AR

The microstructure parameter, R is given by this equation
Im
R= .(A5.1)

Loooo + 100

So the error of microstructure parameter, AR is

AR _ ((A’m] +(ﬁ‘lm]} .(A52)
R Tso Tooo

where Al and /290 are the error of integrated intensity at 2000 cm and 2090 cm™

respectively.

% are found to be less than 0.02 for all samples.

A6 Error of Dark-conductivity, Ac

From equation 4.42,

Hence, the error of dark-conductivity, Ac is



(Az)’ _((AStope ’+(£ (g) (AZ)
o Slope L t w
The values of —AUE <0.07 for all samples except for the sample with He:SiHs = 5 where

the —Aiva.lue is quite big.
o
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APPENDIX B

PARAMETERS DETERMINED FROM FTIR SPECTROSCOPY

He:SiH,
Parameters ) 1 3 3 7 3
ISiH (+5) 44 62 56 49 44 31
1SiH, (+4) 57 19 16 16 12 9
H% (¥2) 7 13 12 12 10 7
R (£0.004) 0.564 | 0.232 | 0.223 0242 | 0219 | 0.211

157



APPENDIX C

PARAMETERS DETERMINED FROM AFM SPECTROSCOPY

P, He:SiH4
- i 0 1 2 3 4 5
Surface Roughness on
glass substrate (0.5) 13.9 6.6 11.6 92 39 59
Surface Roughness on c-
Si sub (#0.5) 12.8 13.8 8.7 6.9 29 43
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APPENDIX C

PARAMETERS DETERMINED FROM AFM SPECTROSCOPY

P He:SiHy
® 0 1 2 3 4 5
Surface Roughness on
olass substrate (£0.5) 13.9 6.6 11.6 92 39 59
Surface Roughness on c-
Si substrate (0.5) 12.8 13.8 8.7 6.9 29 43
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APPENDIX D

PARAMETERS DETERMINED FROM OPTICAL SPECTROSCOPY

- He:SiHy

3 0 1 2 3 4 5

Deposition rate on glass
substrate (:0.9)A/s 14 4.1 35 37 25 27

Deposition rate on c-Si
substmte(:tlAS)A/s 10.0 12.5 112 11.7 99 9.1

Refractive Index

(£0.02) 2.46 2.76 297 2.99 2.76 2.59

Optical Energy Gap
(Eg£0.03)eV 2.10 1.79 1.77 1.75 1.78 1.79

Non-silicon Atom
Content (1%:%3) 2% | B 13 11 15 12
Urbach Energy Gap
(£0.002)eV 0.088 | 0.043 | 0.039 | 0.041 0.055 | 0.038
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PARAMETER DETERMINED FROM I-V MEASUREMENT

APPENDIX E

He:SiHs
Parameter 0 1 2 3 ] 5
(gﬂ;xwl 0'“.7‘;1?2’;1‘.’, 57 | 13 | 19 | 65 | 140 | 11
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