Problem Solutionsfor Chapter 7

1 .
7-1.  Wewant to compare F1 =kM + (1 - k)?- mgand Fo = MX.

For silicon, k = 0.02 and we take x = 0.3:

M Fi(M) Fo(M) % difference
9 2.03 1.93 0.60

25 242 2.63 8.7

100 3.95 3.98 0.80

For InGaAs, k = 0.35 and wetakex = 0.7:

M Fi(M) Fo(M) % difference
4 2.54 2.64 3.00

9 4.38 4.66 6.4

25 6.86 6.96 15

100 10.02 9.52 5.0

7-2.

7-3.

For germanium, k = 1.0, and if we take x = 1.0, then F1 = Fo.

The Fourier transform is

¥ gizpft

¥
ha(t) = Hg ()" df =R @ f
B(t) _943( ) .017;4 + 12pfRC
Using the integral solution from Appendix B3:
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The Fourier transform is
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From Eq. (7-18) the probability for unbiased data(a=b =0) is

Pe= > [Pva) + R,

Substituting Eqg. (7-20) and (7-22) for Pg and Py, respectively, we have
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In the first integral, let x = v/+/2s? so that dv = 2s? dx.

In the second integral, let g = v-V, so that dv = dg. The second integral then

becomes



7-7.
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Using the following relationships from Appendix B,
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(& V =1voltands = 0.2 volts, so that le = 2.5. From Fig. 7-6 for le =25,

we find Pe » 7° 103 errors/bit. Thus there are (2 10° bits/second)(7” 103
errorg/bit) = 1400 errors/second, so that
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1400 errorgsecond  — ¢ 107 seconds/error

. \Y . . .
(b) If V isdoubled, then > = 5 for which Pe» 3" 107 errorg/bit from Fig. 7-6.
Thus

1
(2 10°bits/second)(3” 10 "errors/ bit)

= 16.7 seconds/error

(8 From Egs. (7-20) and (7-22) we have
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ThenforV =Vi1ands =0.20V1

cu Cl,l
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1 1
=5[1-erf(1768)] =% (1-0.987) =0.0065

Likewise, for V =Vqiands =0.24V1
_le e 1 Ou _lg %l QU
_1 _1 _
=51 1- erf(1.473)] =5 (1-0.963) =0.0185

(b) Pe=0.65(0.0185) + 0.35(0.0065) = 0.0143
(¢) Pe=0.5(0.0185) + 0.5(0.0065) = 0.0125
7-8.  From Eq. (7-1), the average number of electron-hole pairs generated in atimetis

_hE _hPt _ 0.65(25" 10 10W)(1 107°s)(1.3" 10°m)
hn  hc/l (6.6256° 10" J5)(3° 10°m/9)

=10.6

Then, from Eq. (7-2)
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e106=0.05=5%

7-9. Vy=Vu- (vout)
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7-10. (a) Lettingf =fTpand using Eq. (7-40), Eg. (7-30) becomes
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since Hp(0) = 1 and Hout(0) = Tp. Similarly, Eq. (7-33) becomes
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(b) From Egs. (7-29), (7-31), (7-32), and (7-34), Eq. (7-28) becomes
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7-11. Firstlet x = (v - by )/(/2 s 4 ) with dx = dv/(y2 s, ) inthe first part of Eq. (7-
49):
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Similarly, lety = (- v +b,,)/(V2 s,, ) so that

dy = -dv/ (V2s,,, )in the second part of Eq. (7-49):
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7-12. (a) Letx= 2\/5 s 2\/5 For K =10, x = 3.536. Thus

Pe= e-—x2 =2.97 107 errors/bit
e 2\/5 N .
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(b) Given that Pe=105= 2‘\75 - then ex® =2Jp 105x.

Thisholdsfor x » 3, sothat K = 2\/2  x = 8.49.
7-13. Differentiating Eq. (7-54) with respect to M and setting dbgn/dM = 0, we have
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Letting G = M2+X%g bonl 2 for smplicity, yields
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Squaring both sides and collecting terms in powers of G, we obtain the quadratic
eguation
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Solving this equation for G yields
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where we have chosen the "+" sign. Equation (7-55) results by letting
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7-14. Substituting Eq. (7-55) for M2+Xbgp, into the square root expressionsin Eq. (7-
54) and solving Eq. (7-55) for M, Eq. (7-54) becomes
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7-15. In Eq. (7-59) we want to evaluate
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where B = 16(1+x)/x2 . Since g® 1, we can expand the square root termin a
binomial series, so that
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From the above result, the first square root term is
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From the expression for K in Eq. (7-55), we have that g® 1 K =0, so that
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7-16. Using H;O(f) =1from Eq. (7-69) for the impulse input and Eq. (7-66) for the
raised cosine output, Eq. (7-41) yields
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Use Eq. (7-42) to find 13
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7-17. Substituting Eq. (7-64) and (7-66) into Eq. (7-41), with s2 = 4p2a2and b = 1, we

have
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Similarly, usng Egs. (7-64) and (7-66), EqQ. (7-42) becomes
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7-18. Plot of 12 versus a for a gaussian input pulse:

7-19. Plot of 13 versusa for a gaussian input pulse:
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7-21. (a) Firstweneedtofind L and L'. Withx =0.5and g= 0.9, Eq. (7-56) yidldsK =
0.7824, so that from Eq. (7-58) we have L = 2.89. Withe=0.1, wehaved = (1 -
€) =0.9g=0.81. ThusL' = 3.166 from Eq. (7-80). Substituting these values into
Eq. (7-83) yields

2+

ael 01+X L §o5/3 3166
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7-22.

7-23.

Then 10logy(e) =10log 1.437 = 1.57 dB
(b) Similarly, forx =1.0,g=0.9,ande=0.1, wehaveL =3.15and L' = 3.35, so
that

572 3.35
y(e) = 1-1%% 315 =137
Then 10logy(e) =10log 1.37 =1.37dB

(@ Firssweneedtofind L and L'. Withx =0.5and g= 0.9, Eqg. (7-56) yieldsK =
0.7824, so that from Eq. (7-58) we have L = 2.89. Withe=0.1, wehaved = (1 -
€) =0.9g=0.81. ThusL' = 3.166 from Eq. (7-80). Substituting these values into
Eq. (7-83) yields

2+X

1 g L $/3 3.166
yO=(1+eF o T = %% 589

Then 10logy(e) =10log 1.437 = 1.57 dB
(b) Smilarly, forx =1.0,g=0.9,ande=0.1, wehaveL =3.15and L' = 3.35, so

=1.437

that
.3/2
_ ?o 335 _

Then 10logy(e) =10log 1.37 =1.37dB

Consider using a Si JFET with lggte = 0.01 nA. From Fig. 7-14 we have that a =
0.3forg=0.9. Ata =0.3, Fig. 7-13 gives 12 = 0.543 and 13 = 0.073. Thus from
Eq. (7-86)

1é 2(.0InA)  4(1.38" 10'2J/K)(300K)u

WoeT = = + - 0.543
FET = B816 10°C (16”10 °C)10°W H

16 4(1.38 102 J/ K)(300K)(.7) U
+ = — =5 0.543
BE(1.6" 10*° C)*(.005 S)(10° W)*H

L€ 2p(10 pF) f 4(1.38" 102 J/K)(300 K)(.7)
é.6° 10" Ca (.005 S)
or

0.073B
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7-24.

7-25.

7-26.

51" 10*
WpeT » % + 0.026B

) - 1 13
and from Eq. (7-92) Wgp = % +0.00498

We need to find bop, from Eq. (7-57). From Fig. 7-9 we have Q = 6 for a 109

BER. To evaluate Eq. (7-57) we also need the values of W and L. With g= 0.9,
Fig. 7-14 givesa = 0.3, so that Fig. 7-13 gives 2 = 0.543 and 13 = 0.073. Thus
from Eq. (7-86)

s 1012
w= 2L 100 00068 = 351 105 + 2.6 105 = 6.1° 105

Using Eqg. (7-58) to find L yieldsL = 2.871 at g= 0.9 and x = 0.5. Substituting
these valuesinto eq. (7-57) we have

bon = (6)°3 (1.6" 10-19/0.7) (6.1" 105)-5/3 (0.543)V152.871 = 7.97 1017 J

Thus Py = bonB = (7.97" 10-17 J)(107 bis) = 7.97" 10-10 W/
or
Pr(dBm) = 10 log 7.97 10-10 = -61.0 dBm

From Eqg. (7-96) the difference in the two amplifier designsis given by

_ 1 2keT 6 _ _
W—qu = o =3.52" 10°for I = 0.543 and g= 0.9.

From Eq. (7-57), the change in senditivity is found from

X S
@WVHz + DWR(LH) 1.0 +352° _
10 log SW—HZH =101log élil_o o= 10log 1.29=1.09 dB

(a) For smplicity, let

so that Eq. (7-54) becomes, for g=1,
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b = F[ (Db + W)V2 + W1/2|
Squaring both sides and rearranging terms gives

4
= -Db-2w= 2WY2 (Db + W)V2

Squaring again and factoring out a"b2" term yields
b? - (2DF?)b + (FAD2 - AWF2) = 0

Solving this quadratic equation in b yields

1
=5 [ 2DF2 £1/4F4D2 - 4F4D2 + 16WF2] = DF2 + 2F\|W

R hn 20 o
(where we chose the "+" sign) = §/|XQ2| 2+ 5% Wl/z%

(b) With the given parameter values, we have

1.7° 10*%

bon = 2.286" 10-19 g%g.ﬂvl 5 4 -

The receiver sengitivity in dBm isfound from
Pr=1010g [be,(50" 10°b/9)]

Representative values of Py for severa values of M are listed in the table below:

M Pr(dBm) M Pr(dBm)
30 - 50.49 80 -51.92
40 -51.14 90 -51.94
50 -51.52 100 -51.93
60 -51.74 110 -51.90
70 -51.86 120 -51.86

15



7-27. Using Eq. (E-10) and the relationship
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from App. B, we have from Eqg. (7-97)
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where H(0) = AR. Similarly, from Eq. (7-98)
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7-28. Tofind the optimum value of M for a maximum S/N, differentiate Eq. (7-105)
with respect to M and set the result equal to zero:

d(SIN) (1pm)°M

(o |V/ I 4kpgTB
2q(1p+Ip)M2tX B +

_A(lptlp) (2+x) M1+XB (1;m)2M2 _
4kgTB 02

Fru
u

§2q(|p+|D)M2+X B+

Solving for M,

2+x _ 4kgTBFT/Req
opt — q(lp+Ip)x

7-29. (@) For computational simplicity, let K = 4kgTBFt/Reg; substituting Mopt from
Problem 7-28 into Eq. (7-105) gives
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S
N — 2+X ~ 2q(Iptip)K
2q(lp+ip)M+ B + KB SApt D
xm2l2 x/(2+
3 p @& Reg /(@)

- 20(2+x) EAkpTFTg
2B(2+x) [q(IptID)X] #kaTFro

(b) If 1p>> Ip, then

S xm2|§ e Reg 8/(2)
N ~ 21(2+x) keTFTg
2B(2+X) (0X) IF2)/(2+x) 54 BIFTg
A 2(1+x)  p/(2+x)
m2 S (XIp) Hll

~ 2BX(2+x) &R(4KsTFT/Req)*0)

7-30. Substituting Ip = RoPy into the S/N expression in Prob. 7-29a,

2
S _ X2 (RoPr) & Req d(/(2+x)
N ~ 2B(2+x) 2(2+x) Ak TFTg
[ A(RoPr+ID)X] ?

1/3

(0.8)2(0.5 A /W)?P? @ 10' W 6
2(5 10°/s) 3[1.6" 10 *C(0.5P. +10° 8y A2 é1.656" 10 ®o

1.530 " 10%P o
= where Py isin watts.
- (05P +10 )2
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P
We want to plot 10 log (S/N) versus 10 log 1 er . Representative values are

shown in the following table:

Pr (W) Pr (dBm) SN 10 log (SIN) (dB)
2109 - 57 1.237 0.92

4 109 -54 4.669 6.69

1108 - 50 25.15 14.01

4 108 - 44 253.5 24.04

1107 - 40 998.0 29.99

1106 -30 2.4 104 43.80

1105 - 20 5.2 105 57.18

1104 -10 1.13" 107 70.52
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