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ABSTRACT

II

This special project aimed to develop microlens arrays for enhancing the performance of

solar cell . The copper sheet were used to construct master molds using the standard printed

circuit technology. A thin liquid Polymethyl-methacrylate (PMMA) film was then coated on the

master molds through spin coating in order to prepare polymer concave structure. The liquid

Polydimethylsiloxane (PDMS) was then cast onto the PMMA film in order to from the convex

microlens arrays. In the present study, microlens arrays with various size of microlens diameters

rage from 600-900 pm were designed and fabricated. It was found that the dye-sensitized solar

cells and silicon solar cells integrated with microlens arrays exhibited higher photocurrent

comparing with that of bare cell.

Keyword : Microlens, PMMA, PDMS, Replica molding, DSSC, Solar cells
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Linear Regression and Excel

(See our Tutorial Page for more information about linear regression methods. You may also wish

to take a look at how we analyzed actual experimental data using linear regression techniques.

Sample data
x i
1.0 2.6
2.3 2.8
3.1 Sl
4.8 47
3.6 |
6.3 %

Say we have a set of data, (xz"-}’ i) , shown at the left. If we have reason to believe that
there exists a linear relationship between the variables x and ¥, we can plot the data and draw a
"best-fit" straight line through the data. Of course, this relationship is governed by the familiar
equation J =¥ +5 We can then find the slope, m, and y-intercept, b, for the data, which are

shown in the figure below.

F=mx+b

y-int=b

X

trendline and display its slope, y-intercept and R-squared value. Recall that the R-squared value is
the square of the correlation coefficient. (Most statistical texts show the correlation coefficient as
"r", but Excel shows the coefficient as "R". Whether you write is as r or R, the correlation
coefficient gives us a measure of the reliability of the linear relationship between

the x and y values. (Values close to 1 indicate excellent linear reliability.))



Enter your data as we did in columns B and C. The reason for this is strictly cosmetic as you will

sSO0n see.
Linear Fit
i 6 e
: m 5 BEELE 42x+ 16842~ 9
' * ¥ = 4 ‘f"RféD_ﬂQetss__ Aok e Y
3 10 | 26 , B
7= 3.1 3.1 2 ‘ P |
B 4.8 4,7 0 2 4 : ;
7 56 51 -
8 B.3 53

Linear regression equations.

If we expect a set of data to have a linear correlation, it is not necessary for us to plot
the data in order to determine the constants m (slope) and b (y-intercept) of the
equation ¥ = MX+¥ Instead, we can apply a statistical treatment known as linear regression to

the data and determine these constants.

Given a set of data (%> 73) with » data points, the slope, y-intercept and correlation

coefficient, r, can be determined using the following:

N "y (xy)—Zny
T ) (2]

b=2y—m21
H

2 (w)- 3y
[Pz - 2]

¥ =

(Note that the limits of the summation, which are i to #, and the summation indices

onx and y have been omitted.)



Implicitly applying regression to the sample data.

It may appear that the above equations are quite complicated, however upon inspection, we see
that their components are nothing more than simple algebraic manipulations of the raw data. We

can expand our spread sheet to include these components.

1. First, add three columns that will be used to determinc ihe -.lt;ént'iu‘iv;srxy, x and yz, for
each data point.

2. Next, use Excel to evaluate the following: Sx, Sy, S(xy), S(xz), S(yz), (Sx)", (Sy)z. Recall
that the symbol, S, means "summation”. Additionally, the term xy is the product
of x and y, that is: x * y. Also, the term S(xl) is very different than the term (Sx)z. Be
careful with your order of operations!

3. Now use Excel to count the number of data points, n. (To do this, use the Excel
COUNT() function. The syntax for COUNT() in this example is: =COUNT(B3:B8) and
is shown in the formula bar in the screen shot below.

4. Finally, use the above components and the linear regression equations given in the
previous section to calculate the slope (m), y-intercept (b) and correlation coefficient
(r) of the data. If you are careful, your spread sheet should look like ours. Note that our

equations for the slope, y-intercept and correlation coefficient are highlighted in yellow.



=] =COUNT(E3B8)
D E R e A

X ¥ Xy X 2 '
10 | 28 26 10 | 88 | | N
23 | 28 | 644 [ 53 | 78 |
3.1 31 [ 961 [ 96 [ 96 | | T
48 | 47 | 225 | 230 | 2209 '

56 | 51 | 2856 | 314 | 260
63 | 53 [ 3339 ] 397 | 281

qgl m IR Ly (S92 2 6
LG 231 | 236 [103.16 | 1100 | 1004

12 -

13 (& #)° | &y | | | L]
Tl P T RNk . 7 .
. slope, m=| 05842 =(A11°D11-B11*C11)MA11*E11-B14)

17 y-int, b =| 1.6842 =(C11-C16B11)iA11 :
18 r=|09741 =(A117D11-B11*C11)/SQRT(CA11*E11-B14)*(A11*F11 -C14))

Linear regression with built-in functions.

Itis plain to see that the slope and y-intercept values that were calculated using linear
regression techniques are identical to the values of the more familiar trendline from the graph in
the first section; namely m = 0.5842 and b = 1.6842. In addition, Excel can be used to display the
R-squared value. Again, R’ =1’ From the graph, we see that R = 0.9488. From our linear

regression analysis, we find that r = 0.9741, therefore 1’ = 0.9488, which is agrees with the graph.

You should now see that the Excel graphing routine uses linear regression to calculate the

slope, y-intercept and correlation coefficient.

Excel has three built-in functions that allow for a third method for determining the slope,
y-intercept, correlation coefficient, and R-squared values of a set of data. The functions are

SLOPE(), INTERCEPTY), CORREL() and RSQ(), and are also covered in the statistics section of

this tutorial.



The syntax for each are as follows:

e Slope, m: =SLOPE(kn0\vn _y's, known_x's)
e y-intercept, b: SINTERCEPT(known_y's, known_x's)
*  Correlation Coefficient, r: =CORREL(known _Yy's, known_x's)

e  R-squared, I =RSQ(known_y's, known_x's)

Here is how we would analyze our data using these built-in Excel functions. Again, the equations

for each calculation are highlighted in yellow.

o R OB o e T it = e D e = o]
1 : \
2 ® ¥ Slope, m, =|0.5842
3 1.0 2b =SLOPE(C3:C8 B3 B8)
3 23 2.8 =
5 3.1 3.1 N= _[1.6842
6 P 57 Y e e, b, = e EPT(CTCE 535
7 56 51 ‘
B B3 53 Correlation, r, = 0.9741
g ' ' |=CORREL(C3:C8,83:68)

So, to reiterate, we can determine the slope, y-intercept and correlation coefficient of any set of

data using three Excel methods:

1. Plot the data and add a trendline
2. Implicitly use linear regression techniques

3. Use Excel's built in functions
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