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The transistor gain in an integrated circuit device between emitter and
collector (AFE) is related to two variables that can be controlled at the
deposition process, emitter drive-in time (£,, in minutes), and emitter dose
(£,, units of 10" ions). Fourteen samples were observed following deposi-
tion, and the resulting data are shown in Table 2.2. We will fit a linear
regression model using gain as the response and emitter drive-in time and
emitter dose as the regressor variables.

Table 2.2 Data on Transistor Gain (y) for Example 2.1

&, (drive-in £, (dose, ¥
Obscrvation  time, minutes)  10™ jons) %y X (gain or hFE)
1 195 4.00 =, ~1 1004
2 255 4,00 1 1 - 1636
3 195 4.60 1 0.6667 852
4 255 4.60 1 0.6667 1506
=] 225 . 4.20 0 —0.4444 1272
[ 225 4.10 0 —~0.7222 1270
7 225 4.60 0 0.6667 1269
8 195 4.30 Wl —0.1667 903
9 255 4.30 1 0.1667 1555
10 215 4.00 0 -1 1260
11 225 4.70 1] 0.9444 1146
12 225 4.30 a =0.1667 1276
13 225 4.72 0 1 1225
14 230 4.30 0.1667  —0.1667 1321
‘5‘0( w Eron, i
The Jc_u::‘. squares fit with the regression coefficients reported to one decimal
place is
2 F= 12423 4 3234, - 54.8¢,
3) 1423 + 334 LB _ s S22 ]
y o= 3+ 3234 — - 54
! 30 0.36

§=-3201 + 10.781£, — 152.15¢,

Table 2.3 Observations, Fitted Values, Residuals, and Other Summary Information

for Example 2.1
Observation ¥ # € hy r A D,
1 10040 9737 303 0367 1.092 1103 0231
2 16360 16205 155  0.358 0553 0535 0057
3 8520 8824 304 0317 1052 ~1057 0171
4 15060 15292 —232 0310 —0801 0787 0.096
5 12720  1266.7 53 0.092 0.160 0155 0001
6 12700 12619 —119 0133 -0365 0350 0.007
7 1269.0 12058 632 0.148 1.960 2316 0222
8 9030 9280 250 0.243 —0823 —0810 0072
9 15550 15749  —199 0235 —0651 —0.633 0043
10 12600 12971 —371 0197 —1185 —1209 0115
11 11460 11906 —446 0217 —1442 1527 0192
12 12760 12514 246 0073 0.730 0714 0.014
13 12250 11875 375 0233 1.225 1256 0.152
14 13210 13053 157 0077 0.466 0.449 - 0.006

G Ol O ¥

@
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Figure2.1 () Response surface for gain, Example 2.1. () The gain contour plot.
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Table 2.5 Test for Significance of Regresm)pﬁzle 2.3/ ) ‘!

Source of Sum of Degrees Me.
Variation Squares Freed are T, P-Value

S8 : Regression  651,996.1 ¢~ B0 2672 474X 10
s5g.: Ertor 13,4211 12201 —~——~ .
ssp: Total 665,387.2

S o Mm—|

2 - SSx _ 651,966.1

88, 6653872 09798

n-—1
RE B - p2
dj n-p (1-& )
o 13
=1 371~ 0.979g)
= 0.9762 :
o X
SS 13,421.1
'-5_2 = __E_ = — = ]220.1

n-p 14-3

diagonal elements of (X’ X)~* corresponding to §; and B, are Cy; = 0.165954
and C,, = 0.142876, respectively, so the two f-statistics are computed as

follows: .
For Hy: B, =0 o
or . = )2 Ij = —/———
’ ' ’ \/& 2Cll
c 3234 303.4
= —= =—— =2273
V(1220.1)(0.165054) 142
ForHy: g, =0 b, ~54.8
or H = {: = - = :
¢ " J67c,  (12201)(0.14257)
—548 238
o qgg
The absolute values of these r-statistics are compared with #5,: , = 2.201

(assuming that we select @ = 0.05). Both f-statistics are larger than this
criterion. Consequently we conclude that By # 0, which implies that x4
contribufes significantly to the model given that x, is included, and that

B, # 0, which implies that X, contributes significantly to the model given
that x, is included.
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