Power Amplifier

Jiwook Kim

1 What is the DC collector resistance in Fig. 10-38? What is
the DC saturation current?
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Collector resistance.
Re = 68002

DC saturation current.
Iomaz = Vool(RE + Re) = 15V/(680€) + 220€2) = 16.67mA

2 In Fig. 10-38, what is the AC collector resistance?
What is the AC saturation current?

AC collector resistance
Re||R; = 6809 |2.7kQ = 5400
AC saturation current

Vep = Voo * R2/ (R1 + R2)
2.85V

15V * 470/(2000+470) =

Ve = Vgp-0.7V = 2.15V

ICQ ~ IE

IE = VE/RE = 9.77TmA

15V-9.77mA*68002-2.15V

Ver = Veo-lc*-Re-VE =

=62V
Io(saty = loQ+Vorlre = 9.77TmA+6.2V/0.54k(2 = 21.25mA

3 What is the maximum peak-to-peak output in Fig.
10-38?

Ve = Voo * R2/ (R1 + R2) = 15V * 470/(2000+470) =
2.85V

Vg =Vpp - 0.7V = 2.15V

ICQ ~ IE

IE = VE/RE = 9.77TmA

Ve = Vec-Icg*Rc-Veg = 15V-9.77mA*6800Q-2.15V

= 0.2V

Ic(sat) = Ic+Vepq/re = 9.7TmA+6.2V/0.54kS2 = 21.25mA
MPP(maximum peak to peak output) < 15V

Icg*re = 9.77TmA * 0.54kQ) = 5.3V

Veg = 6.2V

MPP(maximum peak to peak output voltage) = 2*5.3V
= 10.6V



4 An amplifier has an input power of 4mW and output power
of 2 W. What is the power gain?

Ap = Dout!Pin = 2W /[ 4mW = 500
5 If an amplifier has a peak-to-peak output voltage of
15V across a load resistance of 1 k{2, what is the power gain

if the input power is 400 W?

Pout = V2/(8Rl)
(15V)%/(8*1kSY) = 28.125mW

Ap = P/ Py = 28.125mW/400pW =70.3
The power gain of the amplifier is 70.3

6 What is the current drain in Fig. 10-38.
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Vg =470Q/2kQ+470Q)*15 = 2.85V
Vir = 2.85V - 0.7V = 2.15V

Ipp = Vep/Res = 2.15V/220Q = 9.77mA
Ipias = Veol(Ry + Ro) = 15V/2470Q = 6.07mA

The drain current is

Ipc = IBjas + Icg = 6.07TmA + 9.77TmA = 15.84mA

7 What is the DC power supplied to the amplifier of Fig.
10-38?

VB = Raol(Rz + Ry) 15V = 470/2470 *15V = 2.85V
Ve =V -0.7V =215V

Ip = VE/RE = 2.15V/220§) = 9.77TmA

Icg ~Ig = 9.77TmA

Tyias = Voco!/(R1 + Ro)
Tyias = 15V/(2KQ + 4709) = 6.07mA

Lae = Tpias + ICQ = 6.07mA + 9.77mA = 15.84mA
PDC = VCC*IDC = 15V * 15.84mA = 237.6mW
8 The input signal of Fig. 10-38 is increased until maximum

peak-to-peak output voltage is across the load resistor. What
is the efficiency?

Vi = (470Q)/(2kQ + 470Q)*15V = 2.85V

Vg =Vp -0.7V =285V - 0.7V = 2.15V
Ip = Vg/Rp = 2.15V/220Q2 = 9.77mA
= 15V - 9.77mA*680(2= 8.36V



Vo =Vee - Icg*Re
= 15V - 9.77mA*68012 = 8.36V

Veeg = Vo - Ve =836V - 2.15V = 621V
re = Rel| Rr = 68092| 2.7k = 543Q
MPP(maximum peak to peak output voltage) <15V

MP(maximum peak output voltage) = Icg * Rc = 9.77mA
* 5430 = 5.3V

or

Veeg = 621V

MPP = 2*¥(MP) = 2*¥5.3V = 10.6V

Thias = Vee/(R1+R2) = 15V/(2kQ+ 470Q2) = 6.07mA

Ipc = Iyigs + Icg = 6.07TmA + 9.77mA = 15.84mA

Ppe = Vee*lge = 15V#15.84mA = 237.6mW

Poyt(Maz) = (MPP)?/8R; = (10.6V)%/8(2.7k§2) = 0.520 mW
i = Poyt/ Py = 0.520 mW/237.6mW = 0.022 = 2.2%

9 What is the quiescent power dissipation in Fig. 10-
3

Ve = 4708/2470Q*15V = 2.85V

Vg =Vp - 0.7V = 2.15V

Ir = Vg/RE = 9.77TmA

Icqg ~Ig = 9.77TmA

Vo =Vee - Icg*Rc = 15V - 6.64V = 8.36V

Verg = Vo - Vg =836V -2.15V = 6.21V

Ppg = Vegg*lcg = 621V * 9.77TmA = 60.67mW
Quiescent power dissipation is 60.67mW

10 If Vg = 0.7 V in Fig. 10-40, what is the dc emitter current

Figure 10-40
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Vi = 2.2Q/12.20%15V = 1.8V
Ve =Vp-0.7V =11V

Irp =VE/REg = 1.1A

Icqg ~Ig = 1.1A

dc emitter current 1.1A

11 What is the quiescent collector current in Fig. 10-

427
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Iias = Voo - 2¥VeE)/(2R) = (30V - 2*#0.7V) / (2009) =
143 mA

quiescent collector current = 143mA

12 In Fig. 10-42, what is the maximum efficiency of
the amplifier?

Ipias = Voo - 2¥Ver)/(2R) = 30V - 2*0.7V) / (200Q)) =
143 mA

quiescent collector current = 143mA
Io(saty = Vorq/R; = (30V/2)/508Q = 0.3A

Ic(a'uerage) = Ic(sat)/ﬂ- = 95.5mA



The total current drain
Lic = Ipias + laverage = 143 mA + 95.5mA = 238.5mA

Pi. = Vee)*(Upe) = 30V *238.5mA = 7.155 W

The maximum ac output power is
Poutmaz = (MPP)?/(8R;) = 30%/(8%50Q) = 2.25W

The efficiency of the amplifier

Bo= Powtmaa! Pin * 100%
31.5%

= 2.25W/7.155W * 100% =

13 What is the overall voltage gain for the three-stage
amplifier in Fig. 10-43?
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Ve = 10.7V
Thus, Vg = 10V
I = Vg /! Rg = 10V/1kQ) = 10 mA

1! =25mV/Ig = 2.50

Vpa = 2.13V
Thus, Vge = 1.43V
Igo = Vpo/ Rg = 1.43V/100€2 = 14.3mA

=25mV/Ig = 1.75Q
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Zin(driver) = Zin2(base)||R5||R6 = 350Q||12]€Q||1kQ
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Voltage gain of the first stage
Av1 = (R3[| Zin(ariver)ITe. = (1kQ|[250€)/2.5€2 = 81

Voltage gain of a directly coupled amplifier
and the voltage gain of second stage.

Ay = R7/Rs = 1kQ/1009 = 10

Third stage is push-pull amplifier stage, with a negative
feedback. The voltage gain of push pull amplifier is 1.

Ay = Ay * Ayg * Ays =81 % 10 * 1 = 810

The total voltage gain is 810

14 What is the resonant frequency in Fig. 10-44.
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Resonant frequency

L=1uH

C = 220pF

fr = U2pi* (L% C)Y/?) = 1/(2pi * (1uH % 220pF)1/?)
= 10.73Mhz

15 What is the efficiency of Fig. 10-44 if the current
drain is 0.4mA and the output voltage is 30V pp.
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The output peak to peak voltage is 30V
PDC = IDC * VCC =30V * 0.4 mA = 12mW

The ac output power
P,ut = (MPP)?/(8%R;) = 30V? /(8*10kQ) = 11.25 mW

Efficiency
@ = Pout/ Py, ¥ 100% = 11.25mW/12mW * 100% = 93.75%



