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PREFACE 

There has been much written on the transistor video amplifier 

using series and/or shunt peaking circuits to extend the frequency 

response; therefore, these methods were not considered in this work. 

The objective of this thesis was to desigm. a transistorized video 

amplifier using emitter and collector to base feedback high-frequency 

peaki~g techniques to increase the frequency response. An analysis 

of th~ amplifiers considered is included in the appendices, making 

this ~n integral part of the thesis. 
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CHAPTER I 

INTRODUCTION 

A video amplifier may be defined as a wide-band, low pass amplifier. 

There are many uses for such an amplifier, as in television, radar, in

strumentation, etco The ideas and techniques employed when designing a 

transistor video amplifier must differ considerably from those of elec

tron tube circuits. The purpose of this work was to develop a better 

design procedure for transistorized video amplifiers. Such things as 

internal feedback, charge carrier transit time across the base region, 

and other effects must now be taken into account. First order approxima

tions of these effects on the parameters of the transistor are given in 

the appendices by equations (40B), (41B), and (3C). 

The total charge in the barrier region is increased when a junction 

is biased in the reverse direction. An effective capacitance across the 

barrier resistance tends to short it out at the high frequencies due to 

the charging up of the barrier when the voltage across the junction 

changes. This capacity is noticeably nonlinear with respect to applied 

voltage up to very high frequencies, and is a function of depletion layer 

transit time. The collector capacitance in the amplifiers considered in 

this work proved to be negligibly small at all frequencies of interest 

as compared to the other effects. 

The desired specifications are the .. f:irst .thillgs to_be considered when 

designing any amplifier, whether using tubes or transistors. The speci

fications for this amplifier were as follows: (1) Bandwidth -- 5 MC 
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(10 cps to 5 MC); (2) Mid-frequency input impedance -- 600..n.; (3) Mid

frequency output impedance -- 100.11.; (4) Minimum input voltage 0.1 mv; 

(5) Maximum input voltage -- 1 mv; (6) Voltage gain -- 60 db± 1 db 

with a 600.11. resistive load, ± 3 db with any resistive load greater than 

60011; (7) Current stability -- less than 5. These specifications did 

not have to be followed too closely since the primary interest was on 

2 

the design procedure for different types of feedback compensation • .Amp

lifiers were built to verify the designs which appear in the chapters to 

follow . The amplifier discussed in Chapter Ir antl analyzed in Appendix B 

does not satisfy specification (3) and the second part of (6), but the 

principles used there will apply to the amplifier of Chapter III and 

Appendix C which essentially meets the specifications. Only common

emitter connections of the transistors were considered. 

High-frequency compensation of video amplifiers may be accomplished 

i n many ways. The simplest means of improving the high-frequency re

sponse of a resistance-coupled amplifier is by the addition of induct

ances i n series with the load resistor and biasing resistors of the next 

stage . Thi s i s known as shunt peaking and increases the impedance of the 

bi asing network at high-rrequencies. The increase in the biasing network 

impedance at high-frequencies tends to correct for the falling off in 

amplification that otherwise occurs at high-frequencies. The practical 

bandwidth increase which may be accomplished in this manner is in the 

order of two times the uncompensated bandwidth. Other variations of 

the shunt peaking circuit may be used, such as shunting the inductor 

with a capacitance. It would be necessary to use shunt peaking networks 

in series with all the biasing resistors if the value of all of these 

resistors were relatively low. Series and/or series-shunt peaking could 

also be employed as a means of compensation. 
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Another type of high-frequency compensation is made possible by high

frequency peaking through the use of negative feedback. This may be ac

complished in the emitter circuit, and/or the collector to base feedback 

circuit of single common-emitter stages or in over-all feedback loops. 

The single stage types are covered in detail in Chapters II and III. The 

basic principle of all types of high-frequency peaking by feedback is to 

reduce the feedback at the point when the amplification would otherwise 

decrease. Stability difficulties are often encountered when using the 

over-all feedback loops. The choice between emitter or collector to base 

high-frequency peaking circuits is determined by the desired output condi

tions. Emitter feedback peaking would be used if it is desired to have a 

constant current output with collector to base feedback peaking for a con

stant voltage output. The compensated bandwidth of an amplifier may be ten 

or more times that of the uncompensated bandwidth for this type of compen

sation. The use of active elements as a means of compensation is obvi

ously the reason for the relatively large increase of bandwidth in high

frequency feedback peaking as compared to series and shunt peaking values 

which employ only passive elements for compensation. 

The h-parameters will be used almost exclusively in the analysis of 

the amplifiers. Appendix A gives the method used to determine the common

emitter h-parameters from output characteristics of the transistors. Four 

stages were used for two reasons: (1) The forward current transfer ratio 

ranged from 43 to 98 on the transistors available; therefore, two stages 

would furnish a majority of the gain at mid-frequencies; then two stages 

would be available for feedback peaking at the high-frequencies. (2) There 

would be no appreciable phase shift between input and output voltages at 

, the mid-frequencies. The transistors used were PNP diffused-base germa

nium, type 2N623, made by Texas Instruments, Inc. A list of symbols used 

and a corresponding definition appear on pages ix and x. 



CHAPTER II 

HIGH-FRE~UENCY EMITTER-FEEDBACK-PEAKING AMPLIFIER 

General Discussion 

The basic principle of an amplifier having degenerative teed'baek im 

the emitter cire~it of at least one stage will be investigatedo The cir

cuits of Fig. 1 will provide peaking a~ any desired frequency, within the 

range of the transist0r, by choosing the proper values of R1, 01, and L1. 

The current gain of Fig. la will be of the form 

i2 : K 1 t .P'I :. 
Ti .,..,2,-~" +1 2'f~- D +· 1 I 2.· r;. 12.,.,- . 

; 1" 1 = R1 Ci; K = Constant, (1) 

for most video amplifiers. This equation was obtained from (-04B). The 

approximation Ri* :!: hie*+ R1 (1 + hfe*)/(1 f pT 1} must hold if (1) is 

to be valid. The assumptions necessary for evaluating Ri* aeeording to 

this approximation are: (l)~he*R1,*(< hier* and (2) h081*R1.*{<l. It is 

also necessary that the high-frequency h-parameters satisfy the conditions 

given by (40B), (41B), and (JC). Further discussion and development of 

. . 
. '~--- . 12--1, --1, 

0·~~~~~~~~~~~~-..1 

(q) (b) 

Figare 1. High-Frequency Emitter-Feedback-Peaking Circuits 
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(1) i s contained in the last section of this chapter and (50B ) thrc,ugh (70B). 

Considering the biasing network and the change in Ri* with fl"'equeney results 

in (71B) for the stage gain. Fig. B.9 gives the frequency r0'Sponse of two 

stages of this type. The desired value of Wion= 1/-r1 will normally be 

approximately equal to the smallest lJico of the remaining stages when this 

compensation stage is used to overcome the effects of cutoff-of the stage 

without feedback. The remainder of this chapter and Appendix Bare devoted 

to applying this type of compensation to a specific amplifier. The type of 

circuit connection shown in Fig. lb would also provide emitter-feedback peak

ing.1 The maximum compensation would be at the resonant frequency ·of L1 and 

C1, and the shape of the response could be controlled by the l1/C1 -ratio and 

the~ of the inductor. 

Mid- Frequency Considerations of a Specific Amplifier 

A circuit diagram of the amplifier to be considered is eontained in 

Fig. 2 with the circuit values given in Table I. The first and fourth 

stage emitter resistors are adequately by-passed for the desired bandwidth, 

whereas the second and third stages provide the high-frequency compensation. 

A complete analysis of the amplifier appears in Appendix B. The anal

ysis is divided into three main sections: (1) Mid-frequency analysis, 

(2) High-frequency analysis without emitter-feedback-peaking, and (3) High

frequency analysis with emitter-feedback peaking. 

The mid-frequency analysis of the amplifier consists of (16B) through 

(39B). The voltage gain is given by (39B) as 61 db with a load resistance 

of 600..n.. and 71 db with a lOK.n load. The voltage gain with the 600.n. load 

satisfies the requirement of 60 db! 1 db, but the lOK..n. case exceeds its 

1Richard F. Shea, Transistor Circuit Engineering, pp. 210-211. 



-6V 1-12 V -24V 

I" l I =i__g32 C34 

1 1 I I - -- -
~ • 

>R,2 >R•2 >R33 
. • 

>R41 Ra, 

23 I l , , C24 l Rf 4 Cf4 l , , C25 

C21 

C11 C,2 C13 Cr4 

R21 R22 R23 RL 

-. 

Figure 2. Circuit Diagram of Emitter- Feedback -Peaking Amplifier 
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TABLE I 

CIRCUIT VALUES OF FIGURE 2 

R11 = 1,200.n. C11 = 100.)lf 

R12 = 600.n. C12 = 33.JJFf 

R13 = 660.o. C13 = 185 .)JJ1f 

R14 = 600.n. C14 : 100 Jlf . 

R21 = 3,000 .n. C21 = 10 Jlf 

R22 = 2,900 ..n. c22 = 30jlf 

~3 = 2,900 ..n. .C23 = 30 pf 

R24 = 3,300-'1- C24 = 30 yf 

R31 = 8,600..n.. C25 = 10 p.f 

R32 = 16,500...n. C31 = 500 Jlf 

R33 = 12,000 Jl.. C32 = 500 pf 

R34 = 18,900 ...n. C34 = 500 pf 

~l = 3,000 _n_. cr4 = 30 Jlf 

R42 = 1,500 _{). Tl = 2N623-15 

R43 = 890..n. T2 = 2N62J-14 

%4 = J,000 SL T3 = 2N623-12 

Rr4 = 120,000.1). T4 = 2N623- 4 

R1 = 600 .n. or 

10,000...f'L 
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requirement by 8 db. This is to be expected since the feedback of the sec-

ond and third stages, as well as the transistors themselves, tend to display 

a constant current characteristic. The feedback in the fourth stage is in-

sufficient to correct for all other effects, although it tends to ~ive a 

constant voltage output. The specifications are already invalid for this 

circuit, but it will still be of interest to investigate the high~ fre-

quency effects, as much of the information gained may be applied i11 the 

second amplifier arrangement discussed in Chapter III. 

Considerations of a S ecific Am lif ier Without Com·· ens at ion 

The performance of the amplifier at the high-frequencies without 

emitter-feedback-peaking is especially interesting, since it will show 

how much the compensation will extend the bandwidth. Equation (45B) 

gives the approximate gain of the first stage. It should be noted that 

the cutoff frequency, f 1°0 , given by (46B) is greater than the forward 
(lq ., + h· 1) 

current transfer ratio cutoff frequency, fe1, by a factor of ·'X.l. ie ·• 
(Rxl + rb1} 

The explanation of this is given by (40B) and (42B). From these equations 

it is seen that the input impedance of the transistor decreases as the 

frequency increases; hence, a greater amount of the current being fed to 

the stage is received by the transistor instead of being bled off by the 

biasing network. The same principle will apply to the second and third 

stages, but their cutoff frequency will be much greater than fe. This 

is shown in (54B), since hiek: is usually many times larger than any of the 

other resistance values in the equation. This is logical since these two 

stages contain 600 tL degenerative feedback resistors. The fourth stage 

may be assumed to function essentially the same as the first stage since 

the feedback resistor, Rr4, is too large to have much effect on the cir

cuit. The over-all gain of the amplifier is given by (56B) and is plotted 



in Fig. 3 along with the experimental results obtained. The data for the 

experimental results appear in Table II. 

Considerations of a S ecific Am.· lifier With Com· e · sation 

The frequency response of the amplifier may be extended by letting 

C12 and C13 take on the proper values. The first and fourth stage con

siderations as discussed in the previeus section will hold'· for the amp

lifier when C12 and C13 take on some numerical value as we-11 as -when 

they are equal to zero. 

The relative gain of the second or third stage is given by (71B) and 

the logarithmic plot of the response appears in Fig. B.9. It should be 

noted that each stage compensates at a rate greater than 6 db per octave 

for a considerable frequency range; therefore a single emitter-feedback

peaking stage could compensate for more than one stage over a limited 

frequency- range. The corner frequency, fkon, is determined by the values 

of R1 and C1 in the emitter circuit. The maximum of the "resonant hump" 

is located at a frequency, f 0 k, proportional to (Ck/Ak)1/ 2 where Ck and 

Ak are defined by (63B). For a specific mid-frequency gain, f 0 k will be 

determined by the choice of fk• Changing the value of fok with respect 

to fk may be accomplished by changing the value of the ratio R1/C1 in 

on such a manner as to keep fk constant. Changing R1 will result in a 

different mid-frequency gain, but the over-all gain of the amplifier may 

be held constant by changing the gain of any other stage. The values of 

fkon and f 0 k depend on the speeifie amplifier under consideration. 

The gain of the complete compensated amplifier, givem by (72B), is 

plotted in Fig. 4 along with the experimental result obtained. The data. 

for the experimental eu.rve are given in Table III. 

9 
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TABLE II 

RESPONSE OF UNCOMPENSATED EMITTER-FEEDBACK-PEAKING AMPLIFIER 
Rt= 606A 

Input Output Output 
Fre(uency Volta'e Voltage Input 

cps) (mv (mv) (db) 

10 1 440 52.9 
20 1 720 57.2 
50 1 950 59.6 

100 1 1000 60.0 
200 1 1000 60.0 
500 l 1000 60.'o 

lK 1 1000 60.0 
2KG 1 1000 60-.0 
5KG 1 1000 60.0 

10KG 1 1000 60.0 
20KG 1 1000 60.0 

50KG 1 1000 60'.0 
100KG 1 1000 60.0 
200KG 1 980 5~.9 
500KG 1 900 59'.l 
700KG 1 760 5?.6 

lMC 1 640 56.1 
2MC 1 330 5-0.4 
3MC 1 200 46.0 
4MC 1 130 42.3 
5MC 1 90 39.1 
6MC 1 70 J6.9 
7MC 1 40 32.1 
8MC 1 JO 29.6 
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TABLE III 

RESPONSE OF COMPENSATED EMITTER-FEEDBACK-PEAKING AMPLIFIER 
Rt• 600.n 

Input Output Out:r2ut 
Frequency 

(cps) · 
Volta1e 

(mv 
Voltage 

(mv) 
Input 
(db) 

10 1 100 40.0 
20 1 250 48.0 
50 1 620 55.8 

100 1 880 58,9 
200 1 980 59.9 
500 1 1000 60.0 

lK 1 1000 60.0 
2K 1 1000 60.0 
5K 1 1000 60.0 

lOK 1 1000 60.0 
20K 1 1000 60.0 

50K 1 1000 60.0 
lOOK 1 1000 60.0 
200K 1 1000 60.0 
500K 1 1000 60.0 
700K 1 1000 60.0 

lM 1 1020 60.J 
2M 1 1050 60.5 
3M 1 1030 60.3 
4M 1 1025 60.J 
5M ·l 1032 60.J 

6M 1 1018 60.J 
'7M 1 982 59.9 
8.9M 1 700 57.0 

lOM 1 440 52.9 



CHAPTER III 

HIGH-FREQUENCY COLLECTOR TO BASE-FEEDBACK-PEAKING AMPLIFIER 

General Discussion 

The collector to base-feedback-peaking amplifier gets its name 

from the fact that at least one stage employs collector to base feed-

back as a m~ans of increasing the bandwidth. This connection will be 

used in the last stage of the amplifier so that the output voltage will 

remain relatively independent of the load impedance. 

. 
h 

• 
------ l, 

· Figure 5. Collector to Base-Feedback-Peaking Stage 

A collector to base-feedback-peaking stage is shown in Fig. 5. 

The purpose of Rr1 is to provide a limiting frequency at which the 

compensation will cease to increase. This resistor may be omitted 

if desired. The current gain of the stage will be of the form 

~ -- k 1 + P11 ~ Lf2 - ; ·' 1 == - , K = Constant 
1 1 1'l~P2 + . 2:f1'2 p t-1 Rf2 

(2) 

when the following assumptions, which are true at the frequencies of 

interest in most video amplifiers, hold. 

14 



hfe* Zr>> hie* 

hre*;).> 1 (3) 

1 >> hoe* R1,* 

The above equations were derived from (100) through (150). The high

frequency parameters discussed in Chapter II must also hold for these 

equations. It is seen that (2) is of the same form as (1) which was 

discussed in the previous chapter; hence, either type of compensation 

will give the same type of relative gain performance if the circuit 

values are of the correct value. The main difference between the two 

types is that emitter-feedback-peaking tends to give a constant cur

rent output while collector to base-feedback-peaking tends to give a 

constant output voltage. A specific video amplifier will now be con

sidered. 

Mid-Frequency Considerations of a Specific Amplifier 

____ Th,El complete circuit diagram of the amplifier to be considered 

is given in Fig. 6 with circuit values in Table J:V. The analysis of 

this amplifier is g~ven in Appendix C. 

The mid-frequency analysis of this amplifier was performed basi

cally the same as that of the emitter-feedback-peaking amplifier of 

Chapter II. The results are given by (10) and (20). The voltage gain 

was determined to be 61 db with a 600.n. resistive load and 62.5 db 

with a 10 K..rt load. The input impedance of the amplifier is 804.n , 

and the output impedance is 100.n.. These values are all within the 

specifications as set up in Chapter I with the exception of the input 

impedance. Since the amplifier was built primarily to investigate 

corrective feedback methods, no attempt will be made to improve the 

input impedance. The input impedance was experimentally determined 

to be 830..n. • 
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--------- C31 ..----------+------------~--~-----........ C3z C34 

_I_ _I_ _I_ 

R31 R41 R32 R42 

Cz5 

C21 

C11 C12 C13 C14 
~ 

R21 R22 RL 

Figure 6. Circuit Diagram of Collector to Base- Feedback- Peaking Amplifier 
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R11 = 1,200 ..n. 

R12 = 600.n. 

R13 = 660.n. 

a14 = 6oon 

R21 = 3,000..n. 

R22 = 2, 900.n. 

R23 = 2, 900.n.. 

R24 = 3,300 .n. 

R31 = 8,600.1). 

R32 = 16, 500..n. 

R33 • 12,000 ..{\. 

R34 = 18,900..{l.. 

~l = 3, 000 ..!'1.. 

R42 = 1, 500.f\. 

R43 = 890.n. 

~ = 3,000..J'). 

Rf 3 = 3,300 ..n.. 

Rf 41 = 3, 000 .t1. 

Rf42= 1,000 ....(\. 

R1 = 600 ..o. or 

10, 000 ..n. 

TABLE IV 

CIRCUIT VALUES OF FIGURE 6 

C11 • 250 p.f 

C12 = 127 ppf 

C13 = 250 pf 

c14 = 250 pf 

021 = 160 p.f 

c22 = 160 pf 

023 = · 160 pf 

024 == 160 pf 

025 • 160 pf 

c31 = 500 pf 

032 • 500 pf 

c34 = 500 pf 

cr3 = o. 75 pr 

Cr4 = 30 pf 

Lf4 = 30 ph 

T1 = 2N623-15 

T2 = 2N623-14 

T3 = 2N623-12 

T4 = 2N623-ll 

17 



High-Frequency Considerations of a Specific Amplifier Without 

Compensation (C12 = Lf4 = 0) 

The gain and corner frequencies of the first and second stages 

of this amplifier are given by (45B), (46B), (53B) and (54B). The 

discussion in Chapter II, which applied to these equations, is valid 

for this amplifier as well. 

The relative gain and corner frequencies of the third stage are 

given by (23C) and (24c), respectively. The relative gain is plotted 

in Fig. C.2. The corner frequency feJ is less than f33co, but it 

should be noted that this order would be reversed if RiJ were less 

than rbJ· This means that their relative positions are controlled 

by the mid-frequency input impedance to the transistor. Also of 

interest is the fact that the forward current transfer ratio cutoff 

frequency of the fourth stage is an important factor in the resultant 

response of the third stage. This was brought about since the load 

of the third stage is a function of the input impedance of the fourth 

stage. The composite curve of the third stage shows that some compen

sation may be possible without the use of an inductor in the feedback 

impedance. The maximum peaking is obtained when the input impedance 

of the transistor is a maximum. 

The fourth stage gain is given by (33C). This equation was ob

tained by a slightly different procedure than that which gives (2) 

as a result. Equation (15C), which was used in determining the gain 

of (2), may be replaced by (16C) since hie4* + Zf4 ~< R14* hfe4*· 

The transistor gain then simply becomes the parallel combination of 

the feedback resistors R_r41 and Rf42 divided by the load, Rt4, seen 

by the transistor, which is the parallel combination of~ and R1 • 

Considering the effects of the biasing network and the changing input 
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impedance of the transistor gives (33C) and (34c) for the relative gain 

and the corner frequencies, respectively. The mid-frequency input imped

ance of the transistor, Rj_4, of the fourth stage is of the same order as 

rb4; hence the relative gain will be essentially flat. It is obvious 

that the frequency range for which (33C) will hold is definitely limited, 

but this limit is beyond the frequencies of interest for this amplifier. 

The response of the complete uncompensated amplifier is given in 

Fig. C.J. A comparison of this result with that of the compensated 

amplifier of the next section gives an indication of the bandwidth in

crease which is possible when the amplifier is compensated. 

High-Frequency Considerations of a Specific Amplifier With Compensation 

( C12 = 127 p. pf, Lf 4 = 30 p.h) 

It should be noted that the second stage uses emitter-feedbaek

peaking as described in Chapter II. The discussion for this stage with 

compensation in Chapter II is valid for this amplifier. The discussion 

of the first and third stages in the previous sections of this chapter 

are still true since no noticeable effects are observed in these stages 

due to C12 and Lf4 taking on numerical values other than zero. The 

necessary changes in the fourth stage are contained in (35C) through 

(39c). The relative gain and corner frequencies are given by (38C) and 

(39c), respectively. Fig. c.4 gives the second and fourth stage re

sponses when compensation is provided, and Fig. 7 shows the calculated 

amplifier response compared to the experimental result. Table V con

tains the numerical data from which the experimental curves of Fig. 7 

were taken. 
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Figure 7. Frequency Response of Collector to Base-Feedback-Peaking Amplifier 
With Compensation. 
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TABLE V 

EXPERIMENTAL RESULT OF COLLECTOR TO BASE-FEEDBACK-PEAKING 
AMPLIFIER WITH COMPENSATION 

RL • 600..n.. 
Input Output OtitJ:!!t, 

RL = lOKn. 
Output OutJ:!!t 

Frequency Voltage Voltage Input Voltage Input 
(cps) (mv) (mv) (db) (mv) (db) 

10 1 900 59.0 950 59.5 
20 1 1000 60.0 1000 60.0 
50 1 1000 60.0 1050 60.5 

100 1 1000 60.0 1100 60.9 
200 1 1000 60.0 1100 60.9 
500 1 1000 60.0 1100 60.9 

lK 1 1000 60.0 1100 60.9 
2K 1 1000 60.0 1100 60.9 
5K 1 1000 60.0 1100 60.9 

lOK 1 1000 60.0 1100 60.9 
20K 1 1000 60.0 1100 60.9 

50K 1 1000 60.0 1100 60.9 
lOOK 1 1000 60.0 1100 60.9 
200K 1 1000 60.0 1100 60.9 
500K 1 1000 60.0 1100 60.9 
700K 1 1000 60.0 1100 60.9 

lM 1 1000 60.0 1100 60.9 
2M 1 1000 60.0 1100 60.9 
3M 1 1000 60.0 1150 61.2 
4M 1 1050 60.5 1200 61.5 
5M 1 1070 60.6 1300 62.2 

6M 1 1100 60.9 1350 62.6 
7M 1 1080 60.6 1400 62.9 
8M 1 1020 60.2 1700 64.6 
9M 1 800 58.0 1600 64.1 

lOM 1 740 57.4 1500 63.5 



CHAPTER IV 

SUMMARY AND CONCLUSIONS 

General Discussion 

The input impedance of the amplifiers discussed in the previous 

chapters decreases at the high frequencies. Series or shunt compen

sation for the variation of input impedance as described by Sheal would 

provide a means of maintaining a constant input impedance. Series im-

pedance compensation would be desired for an input from a current source 

and shunt impedance compensation for a voltage source. 

The frequency range could be extended further by employing series 

and/or shunt high-frequency compensation2 in one or more of the stages. 

A disadvantage of this type of compensation in R-C coupled stages is 

that each of the biasing resistors must be compensated. This would mean 

a minillD.1.In of three inductors for the simplest compensation network. The 

big advantage is the fact that it might be possible to eliminate the need 

for an active element; hence, it would usually be the most economical. 

This would, of course, depend on the particular elements used. Also, it 

should be pointed out that in a stage without feedback, the current trans-

fer ratio between the biasing network and the transistor input impedance 

is usually in the order of 0.5. This would mean that the maxinru.m compen-

sation would be 6 db even if all of the current entered the transistor. 

lRichard F. Shea, Transistor Circuit Engineering, pp. 214-217. 
l 

2Ibid. pp. 204-210. 
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On the other hand, the current transfer ratio may be as low as 0.02 for 

the stages with emitter feedback (R1 unby-passed); hence more compensation 

would apparently be possible. The input impedance would probably be de

creasing at the point where high-frequency compensation is desired; 

therefore the limit of the series or shunt compensation would be only 

about 6 db, but the slope of compensating stage response could be changed 

from t 6 db/oct. to + 12 db/oct. A stage with considerable collector to 

base feedback would receive no appreciable gain by using series or shunt 

compensation since the current transfer ratio is already 0.9 or greater. 

Emitter-Feedback-Peaking Amplifier 

The Emitter-Feedback-Peaking amplifier of Chapter II did not satis

fy the specifications set up in Chapter I, but there are other possible 

uses for this circuit. A low level voltage source may be converted to 

a current source by employing emitter-feedback-peaking in the fourth 

stage. Amplification would be obtained at the same time the conversion 

is being made. This type of amplifier would also be satisfactory as a 

voltage amplifier when it is desired to match a low impedance source to 

a constant high impedance load with amplification. 

The equivalent input noise ranged from approximately 9 pV (Rg = 0) 

to 10.5 p.V (Rg = oo); therefore, the signal to noise ratio would be 19.6, db 

for minimum input voltage and 39.6 db for maximum input voltage for the 

worst case. 

Collector to Base Feedback Peaking Amplifier 

A review of the specifications and how this amplifier satisfies them 

will now be considered. The frequency band specified was 10 cps to 5 MC 

for a relative voltage gain of i 1 db with a 600..n.. load, and the experi

mental result was 10 cps to 8.3 MC. With a load greater than 600..n., 
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the same frequency band was desired with a± 3 db relative gain, and the 

result was 9 cps to 7.0 MC. It was necessary to apply some low frequency 

compensation to obtain the desired response at 10 cps. This was done by 

selecting Cf3 in such a manner as to decrease the feedback at the low 

frequencies. The desired mid-frequency input impedance was 600..rLwhile 

the experimental result was 830..n... This is not an exact match, but mis

matches of this order are often permitted in transistor work. The desired 

value could have been obtained by applying a small amount of collector to 

base feedback (large resistance) to the first stage and adjusting the gain 

of one of the other stages to make up for the loss in gain. All other 

specifications were obtained within reasonable limits. 

A lower output impedance could be obtained with the same biasing and 

load resistor values by interchanging the second and third stages. Making 

this change would increase the impedance seen looking out of the input 

terminals of the fourth stage transistor from approximately the low out

put impedance of a collector to base feedback stage to essentially the 

value of the parallel combination of R24, R34, and R43; thereby lowering 

the output impedance of the fourth stage. Making this change in the amp

lifier of Chapter III reduces the output impedance from 100..('L to 35J"'\... 

Little change in output voltage would be observed as the load varied from 

300...i"\,, to infinity in this case. Still lower output impedances could be 

obtained by changing to a common collector connection in the fourth stage. 

It would be possible to further increase the bandwidth of the amp

lifier by applying collector to base-feedback-peaking techniques to the 

third stage. This would not effect the mid-frequency response since this 

stage already has considerable collector to base feedback, but with no 

peaking present. 
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The equivalent input noise of this amplifier varied from approxi

mately 7 pV (Rg = 0) to 10.6p.V (Rg = oo). This gives a signal to noise 

ratio ranging from 2J.1 db to 19.5 db for minimum input voltage and 

43.1 db to 39.5 db for maximum input voltage. It should also be men

tioned at this point that some work was done with high input impedance 

amplifiers (in the order of a megohm), but the equivalent input noise 

was even greater than the minimum input signal for the larger values 

of generator impedance. In general, the agreement between the calcu

lated and experimental values was most satisfactory. 

Suggested Improvements and Changes in the Final .Amplifier 

The input impedance decreases, and the output impedance increases 

as the frequency increases above 500 KC. It would be desirable to main

tain both at constant values over the entire frequency band of the amp

lifier. Possible methods of maintaining constant input impedance were 

discussed previously in this chapter. If the sources did not approach 

true voltage or current generators, it would be necessary to make some 

changes in the basic amplifier to compensate for the losses which would 

occur in the networks necessary to give a constant input impedance. The 

phase shift between the input and output voltages becomes appreciable 

belo'W 100 cps and above 500 KC. The networks giving constant input and 

output impedances would probably improve this, but, if not, it would be 

a big improvement in many cases to maintain zero phase shift. 

This amplifier could be made into a versatile laboratory amplifier 

by the addition of a stepping attenuator which would give voltage gains 

of 20 db, 40 db, and 60 db and a vernier gain control which would vary 

the gain between these steps. It would be desirable in many cases to 

have extremely high input and low output impedances which would eliminate 



losses in the source impedance and still give an amplification of 1000 

with any load from some low value to infinity. The output impedance of 

this amplifier could be made lower rather easily, but to increase the 

input impedance appreciably causes the noise factor to become signifi

cant. It might become necessary to use a low voltage and low power 

consuming vacuum tube in the first stage to overcome the noise problem. 

It would also be desirable in any case to improve the signal to noise 

ratio. 
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APPENDIX A 

DETERMINATION OF h-PARAMETERS FROM VISU.A.1 DISPLAY 
OF OUTPUT CHARACTERISTICS 

All of the common emitter h-parameters may be determined with 

two output characteristics. One of the output characteristics should 

be obtained by.applying cun:ent steps to the base and the other with 

voltage steps to the base(see Fig. A.2). The output characteristics 

were obtained using a Tektronix Transistor Curve Tracer, Model 575. 

Since the curve tracer uses a resistor, Rb, in series with the base 

to limit the base current, the known value on the output character-

istic will be Vb' instead of V0• 

t + 

· Figure A.l. Transistor Equivalent Circuit for Determining 
h-Parameters. 

The first h~parameter, hie, may be determined by using Fig. A.l, 

Fig. A.2 .and the definition of hie, 

\_f. = Constant (lA) 

2'8 



Ve 

Ic 

l ------- --=--=--::...=..:-:::::.-=--'-=-+-------=----·. } t. v~ 

& Ic _____ --=-=-=-=-=-=-~.-~~~:::-=-=-=-~-=-=-= 

Ve 

Figure A.2. Determination of hie and hfe from Output 
Characteristics. 

29 



S:µwm~~g the voltages around the first loop of Fig. A.l gives 
.<_}'./'.·:'(: .. 

but, 6. Ve = O; hence, 

(2A) 

(3A) 

Equation (3A) will give a good approximation of hie at the low- amd 

mid-frequencies provided that the~ point is th, one used when the 

transistor is placed in the circuit and if Aib is the approximate 

swing that is expected in the application. 

The first characteristic of Fig. A.2 will also give __ hfe, which 

is defined as 

• . 
> Ve = Constant • 

Equation (2A) and Fig. A.3 give a method of determining hre• 

By_ definition, , 

I b = Constant • 

Since Ib is equal to a constant, Ii Ib = 0, (2A) becomes 

but A Vb' = A V0 when Llib = O; hence, 

(4A) 

(5A} 

(6A) 

(7A} 
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Figure A.3. Determination of hre and h0 e from Output 
Characteristicso 
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The first characteristic of Fig. A.3 also gives hoe• 

h ::. 
oe 1b == Constant , (8A) 



APPENDIX B 

.ANALYSIS OF EMITTER-FEEDBACK-PEAKING AMPLIFIER 

General Discussion 

Before considering the direct analysis of the circuit, some trans-

formations will be made which will be used later. Fig. B.1 may be trans

formed into that of Fig. B.2 using the following equations.1 

. 
---l, 

+ 

h;e 

hoe 

V.,_ 

Figure B.l. Equivalent Circuit of Emitter Feedback Stage. 

V, 

--r, ·l;i~ 
+ + , 

h;e 

.J ~ 

V;,. hoe 
, l, hie 

V:t hre 

Figure B.2. Trans.formed Equivalent Circuit of Emitter Feed
back Stage. 

1110yd P. Hunter,·'·Handbook of Semiconductor Electronics, pp. 11-26. 
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( I + h+e)R, 
I + hoe R, 

· hre + hoe R, 
h' = 

re I + hoe R, 

,I 

hoe= 

hfe - hoe R, 
I + hoe R, 

Fig. B.J may be transformed into that of Fig. B.4 using (5B) 

through ( 8B} • 1 

h '' h h,e( I - hre) 
re - re+ J . hie+ Rf 

h ,, 
fe 

h II 
oe 

v. 

= 

h;eRf - hie 

h;e + Rf =· 

(I - hre)( 1-t hie) 
. hie + Rf 

. 
11 

h,e 

~hre 

+ hQe 

Rt 

hoe+ 
I +h,e. I >> hre .. - -

hie + RJ > 

. 
l:,. ---

-+ 

hoe Vi. 

Figure B.J. Equivalent Circuit of Collector to Base Feed
back Stage. 
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(lB) 

(2B) 

(JB) 

(4B) 

(5B) 

(6B) 

(7B) 

(8B) 

1Lloyd P. Hunter, Handbook of Semiconductor Electronics, pp. 11-27. 



. 
+ 0 

~1, 

h // 
oe 

. 
l:,. --J----

Figure B.4. Transformed Equivalent Circuit of Collector 
to Base Feedback Stage. 
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Using the method of Appendix A to determine the h-parameters and (lB) 

through (8B), the mid-frequency equivalent circuit of Fig. 2 becomes that 

of Fig. B.5 with the numerical values given in Table B.I where, 

and1 

with 

= 
R'J(I R,., 

I - _J_ + 
Rx 2. 

-
R:i..). 

I - + 
Rx:r 

- R'.l.3 

I - -'-+ 
Rx4 

-
Rz4-

+ < 

Rn 
~ 

_I_+ I 

R41 Rn 

_I_+ 
Rn R,,,2 

_,_ -t 

R:;4 R41 

. 
J 

. 
' 

, 

) 

R,o: 2~22K_n_, 

Rx,.= 1.3t 1cr1.., 

Rx 3 = 9/h ...n..., 

Rl{4 = {;7t, fL.., 

Ric;-= 471 JL. (RL == 600-t"\.) 
=- ?-,3K si.. ( R1. =- to K JI-), 

j:1,2,.;:,4 ... 

lRichard F. Shea, Transistor Circuit Engineering, p. 441. 

(9B) 

(lOB) 

(llB) 

(12B) 

(1.3B) 

(14B) 



ig i1 
-+ V1 --+ 

Rg I lhie1 I 
•Rx1 '-> I 

i1hte1I 

~ ~R· II 

Figure B.5. 

Amplifier. 

i2 i3 i4 15 i6 i1 ie IL - V2 - - Vs ._ --i> V4 -+ - V5 --

1ltiie2 
I I I 

I 
, I h.li hie3 1e4 

> 

l Joe4 lhoe1 IRx2 ~ hoe2 Rx3 hoe3 Rx4 IR44 

l 
~ ~ · n I 17 fe4 "') <i RL 

~ ~ ~ ~ ~ ~R· 14 ~Ro~ 

Transformed Equivalent Circuit of Emitter-Feedback-Peaking 

\.,.) 

°' 
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TABLE B.I 

h-PARAMETER VALUES FOR FIGURE B.5 

Transistor Stage hie hfe hre hoe D. he 1 
No. No. 

(A.} (-) (x10-6) (x10-6) (x10-3) 
------------------------------------------------------------------------

2N623-15 1 1.26K 55.4 39.0 10 10.40 

2N623-14 2 1.03K 98.0 59.5 30 25.10 

2N623-12 3 0.50K 47.5 106.0 50 20.10 

2N623- 4 4 0.51K 42.8 340.0 120 46.65 

Transistor Stage hie I hre ' hz.e ' hoe I ~he I 
No. 1 No. 

(x10-6) (..0. ) (-) (x10-3) (x10-3) 

2N623-14 2 59.6K 96.3 17.75 29.5 52 

2N623-12 3 31.4K 45.9 32.00 48.3 53 

Transistor Stage hie II hre II hre II hoe II L':)h,e" 
No. No. 

( .fl.. ) (-} (x10-3) (x10-6) (xlo-3) 
------------------------------------------------------------------------.. 

2N62J-·4 4 0.51K 42.7 4.57 483 50 



R'ltd+I) RHi+I) , 
RxcJ+1) + RHj +1) 

(15B) 

Mid-Frequency Analysis 

The mid-frequency analysis of the amplifier may now be completed 

as follows with values given when Rt= 600.i\. immediately following 

each equation and the values when Rt= lOk..n. in parenthesis. 

R~ = 

• 
l " ---

. 
1 J... . = 
14 

h // 
1e+ 

Rx4 

= 0.843 (0.231) 

= 471..n (2.Jlk.n.) 

= 34.8 (20.2) 

;:: 434..n. (295.n.) 

= 0.609 (0.697) 

- 264..n. (206.n.) 

= 45.3 (45 .4) 

== 31.0k.n. (31.lk.o.) 

= 0.02875 ( .0286) 

(16B) 

(17B) 

(18B) 

(19B) 

(20B) 

(21B) 

(22B) 

(23B) 

(24B) 



' ~-. -
13 

. ,, -. -

R• -1\1 -

;1:2. Rt.i + h i,:2 

I -+ ho:2. R\.2. 

~he, Rt1 + hie t 

I + hQei Ru 

R,o 
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= 890..n. (890-1\.) (26B) 

= 94.0 (94.0) (27B) 

= 58.lk..n. (58.lk.a) (28B) 

: 0.0229 (0.0229) (29B) 

- l.3Jk.n. (1.33k'°1) (JOB) 

= 54.7 (54. 7) (31B) 

= 1.38k..o. (1.38k.n) (32B) 

0.617 (0.617) (33B) 

854..n.. (854..0.) (34B) 

1.62k.n. (1.62k.n} (35B) 

i .. " t • • ' • • • • 

G· = + = ..!!:. .~ • ..!!. • ...!.i. • ..!.!.. '4 '~ '2. ,, 
1 t • ' ; .. • ·-·-·- ··-

9 tg 17 '' lr 14 i 3 i 2 \ 1 1.9 

= 1688 (303) (36B) 



Giv ::: Oi; RL 
= 1110 (3550) 

R,\'I 

20 l.,og Gi,1 = 64.5 db (49. 7 db) 

20 Log G.v = 61.0 db (71.0 db) 

High-Frequency Analysis Without Compensation· 

(37B) 

(38B) 

(39B) 

The high frequency analysis will be made using Bode plots and the .. 
following high frequeney h-parameter approximationa.1 

t I+ J(f;){i;)J 
hie ·(f) .> I +J

fe 

. (40B) 

Where hie = rb+· rE (1 + hfe} and fe = common-emitter beta cutoff frequency. 

(41B) 

· When [lhel • R11-<< hiel and hoel R1,1 << 1, (33B) becomes 

• R* ' h * ' i1 = ie, • (42B) 

Substituting (40B) in (42B) for Rfi gives 

R"' Jifl + j( f ,1 
10 +hie'iJ 1~ fe,/J (43B) 

R h• [' + j(-ti){~)J . 
XI + 1e 'ff ) I +J-f . e1 

Substituting (41B) in (31B) and assuming hoei R-u <<. 1 gives 

1Richard·F. Shea,_TranEJiist~r Circuit Engineering, p. 39. 
~ ' ' 
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(44B) 

Equations (43B) and (44B) give the over-all g~in of the first stage as 

I · / f ) (. R)(, + rb, ) J 
+ J\fe, \R>u +hie, 

(45B) 

assuming that the transistor collector capacitance cutoff frequency is 

high compared to the common-emitter beta cutoff frequency. Equation {45B) 

gives the equation for the cutoff frequency of the first stage~~ 
\ 

\ 
) 

Where f1co is defined by Fig. B.6. 

0 db 

I 

f/0 
Figure B.6. Bode Plot of (45B). 

(46B) 

The second and third stages both.have emitter resistors which are 

not by-passed at all frequencies; therefore, their high frequency analysis 

differs somewhat from that of the first stage. When 012 = C13 = O, the 

frequency dependent parameters become 

(47B) 

Substituting (4GB) and (41B) in (47B) gives 



.. [ 1 + j(L)(· r" + ~,J 
::: h· 1 fe hie 7 

1e ·(f) I+ J fe 

h' '* h * fe·= feo 

l (48B) 

(49B) 

Which is given by (41B). Equations (24B) and (29B) now are of the form 

. 
~· 
lj Rx + Ri">t 

.!J. • h .,,. 
; Ri = ie J 

(50B) 

When hoe Rt<< 1 and Ahe R1, /..< hie• Substituting (48B) in (50B) for 

R* . 1 gives 

. 
~_: 
lj . 

Rx + 

Equations (22B) and (27B) have the form 

. 
hi ..!. -.- -
1 \r,_ 

h /f#, • 
fe , 

• (51B) 

(52B) 

Wh h '* ~ h * ~ hfe ere fe fe == . The gain of the second or third stages 
1 + j.-! 

fe 
is the product of ( 51B) and ( 52B). 

42 
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It should be noted again that (47B) through (53B) apply only when the 

emitter resistor is not shunted by a capacitor or when the frequency is 

too low for the capacitor to have any noticeable effect. Equation (53B) 

gives the corner frequency of the stages to be 

rco _ 
.t11. -

, 
,I 

AO co co Where fk~ is defined by Fig. B.6 by substituting fk for f1 • 

(54B) 

The fourth stage high frequency gain will approximate that of the 

first stage equations since the collector to base feedback resistance Rr4, 

is so large. This means that (42B) through (46B} will apply to the fourth 

stage by changing the numbers of the subscripts. 

Equation (45B) and (53B) will then give the high frequency gain when 

the amplifier has no high frequency compensation. 

(55B) 

but, Rxk + Rik+ rbk <.< Rxk + hie 'k k = 2, 3 therefore, in the desired 

frequency range 

(56B} 

The gain-bandwidth product of the transistor used in the first stage was 

foµnd to be 50 x 106, and that of the last three stages was found to be 



75 x 106; therefore, 

<lrBWr. fek :::; __ h _____ _ 
fe K 

(57B) 

and rb of all the stages was taken as 75.~i.as given by the manufacturer. 

Equation (46B) gives f1co • 1.37 MC and f 4co = 2.77 MC. The frequency 

response for (56B)_is shown in Fig. B.7. 

High-Frequency Analysis with Compensation. 

If the bandwidth of the amplifier is increased by emitter feedback 

compensation, C12 and C13 take on values other than zero, (47B) through 

(57B) will have to be revised as follows: 

(58B) 

Substituting (40B) and (41B) in (58B) gives 

(59B) 

Where, Wk = 1 • Making the substitution p = j(JJ in (59B) and 
R1k elk 

simplifying gives 

Then 

R* . 
ir- = 

rb1<[P+ CJefb;'e"'][p+ii,~ + R,i<.wl([P+(l+hte1c)lJe1<] 

(P +Wek)(P+~k) 
• (60B) 



, . I , , , , · .. , I' i I , i , '11 !Ii n,1 , , 'I I I 
. , , , I 11 ! I illi1iiii ' i ' i 1 ' ' 11 , :. 1 Jij,;, ,iii i!il I I I I I I I I I I I I I 1111 
20 i i ! I j 1,i I llll:fitt11' I l!i II I 11,111 II JI i+nrf1:lill I I I 11111-lilllllilll 1 1 : 1 1 . , . 1 ,,r ,, , 1 1 1 1 1 1 -1 1111. -l + H- , , 

1 1 1 i I I I: I I I! 'I::'·'' I Ii I I! 11 I[[ I I I I 1 111! Ii! 
I I I I I I '' I 11111 1.'' 11 ' 1 111 1, 11 l,JI I I I I llJJJJ__[lj IT 

I I I I : i I: I . l l!li 1ili I ' . ___ _, 

, 1 1 1 1 , 1111 , 111111111 H+H-H+tilli±±1111uJ•t1111111 1~Lrr11111111 UE 1111111111i:1111111IBI•1r:rn111111 rirr1i1111111111. 1 ,1 

I l 

101-1.~-l--4-1-I-I-H-I-H-J..!..i-H-+i~++l+f+i-l-~-i-l-+-!+l-J..i..ll-l+i+l+l+l.µµj.µ{-+-!-I--H--H+++.L.4+H+H++-l++!++i.+l-+++H~2~ 

-.0 
'C 

FTT11ll 11 I I I I I lllllllll1IIIIIII I I lllllllilll.llllLJJ tJJJIIUJIIJJTillHttlJJlliltilltli·iU~r:!;1 rrn 11 \Ii t±H±Htn1 
, II I I 111 I I ' 1 1 Ii ' 11 · Ii' i i I I i!II f-W_IJ 'ill '111 llii I 11Tl+f+ 

'' I I I !11. 1 I I I I i 1 ,1 I I I ill, , 1 I 1111 ! "' I i 1 
I i i 11 ! I I I i I i I' i I I I 11 i I I ! ! IJ. ' 11 ! i I I I i I I I 
I ! ' Ill i II i !ii 111 I I ,Iii I i 11 1 ! 1 I, I I I I Iii 

Z I I I I I I I I 1!!111 i 111!. ! I I II. I! 11 'I I I , ,I I 111 1 I I I I 1!!! ,l'i I 11 I I < o, I I I I i Ill I'll!,,,,,'' 1 11! Ii ,,,· ;,, i', 1_ I I I ·1,i-·1_11[ 111 l Ii 11 :i'iillii! i i Ii UJJ_~ 
CP ' I I I I I I I', 11 ! i ' 1 I I I I i I . I 1 ,... 11 11 i ix! ' i , I I i ,,...._, Iii I i I \ I 'Ii\ i i ,., , , I i I I I I i 

II.I 
C!) 

4 
!:i 
0 
> 

I I I I Ii I I I 111' >-. I I i i"i-..! ! i I I I I ' ! I N,l._1 1 I I 11 i' Ii I I I I I i I I I 
1 1 11!'111111 ii Ii 111! i-...![ 1 ,1i-.Llli li!1'li!liN,.. ii 1111' ii I I Ill 
I I I I .I! !Ii', I' 11 ! i ,, r•nl i IN ' 1r111 iii; 11 r,.. . .J., i,'1 I 11!'., 11 I I '! I I I I 

I 1 I I I i I I ! I I I ! ' I ' ' ! 11 I ....... : i i i : ; (g.~ ! I I i I 11 i I ' ! --..r-1'1t; I ! i I ! ! i I i O 
' i I I ! I 

1 1 11111111 1111 1 11111 1 , 'l!>l 1, 1N..!.W1J11 11 11r,,..J1 IJlUil, 1 1 1 
I , I I !I 1111 \ II i I 1, 'N.! I 'i11'N,•~i.\'I 11 ·11'....'i'lJ'.c,111 1 I Ii I I 
I I' 1,111111 I 111111 1111,1 I 11N..~ic4&~1:lil11ll~(1~1iri ii I I 

I l !I!!! iJ !J!i l I lll1! 11 11111111_1 i_L I I llllei-,lJJ_Ull.i!lr:.'.,-il1 i1i!II ii,'" mlJi _____ _J_[ IJ !I 
II.I -10 I ' i I I ! Ii I i i ! I i 1 i I I I i I I I'!' I i ! I I i I I IN i I I! : ! 'I' ·; "--' I I i i Ii I I ii Iii ' ' "x' i I i ! i ! I I i I I I I f-H 
~ 11 111!1 •II l[I! 111, ii 1!! 11 1 I I li1 1 ~1lli 1 i II 1N,.llllil'll1I! "'"'"-I I 11 I ii 111 
t,- 11 illil I I Iii Iii[ !',Ill! I I I I I Iii! liN.1!!! Ii I 1'['i..!1lllll,i ili1lii l""-l! I I I! Iii, 
ct Ii i 11 ,1 I I 11! Iii I 11 'ill! I I I I! Ill[ 11!1-X" 'I' ll!1Ll..i""-ill[I •i,!I!• I 1'--1 I I! •1!1•11, W I i Ii I I! 'Iii Ii Ill Ill 1, 1 Ji:·!11, ! ! ! I I 11 11 !!II ii!1' 1111 liil!iil!NJ 1: 11111: ii If': 1 11111!11 
0:: __ J_I__I I '11 !'llJi!I I Ii 111 11111 1[Jill!JI I I I I I JJJ1ILIJiJlii!J,,J.Jl l1!!Jli1lllii~il:!1,._l__l i_lLl",.U_ lili_il!I 

-20!--,-+--+-+-+-+-+-+-+-++-H-H+H+!++++H-!+H-+-f-+-l+!-'+H-+++H-i!#H+H-f'H++Hf--+-+-+-f-+-+-+++-l++-H-++!+Hc+++-i+'++4-i-++-!-H..;..c,,.., 

· m11,·lllllllllilllllllllllj.1 111!•1

~

1 11111 I I I 1~H 1.l 1U1.1_1. 11 ' ~ '::: 1 !''' :1111 \if+ffil1\ , tt1 I 11 I Jt 11 d .1uiJ uu, _ .. _ _ i±:Lt:tl_lttLi-, 1 1 1. 1 1 1 11 :1-mm~1 =:=::==~~:'.:::'.::::::=:~~ u 
111 1111l!TTll1lli ITTI !Tl I lilili:1!1111 LI I I I I I I I 11 1111111111 ! I !II i Iii I ! i 111 ! !_UJJJiU!iJTh...!lli.uTn-:TTTIICTll~i I~. I TN! I 

IT1J 

-301--1'--'"-1-.J....l....J...1--l....1.j...!,...W..l.J.J.J.J.J..~~..w...u..i.J..L.U....U.U.J.U.L.L.J.Uu.J.JJ.1.U.UJ'-1,---'""-....... "'-'-...l-l.-'-'-.u.J..j..j..u.l-JL.u.J..U......W...U-1.....U..u..J..LJ..l..!"-'-'....i"-U.U.J..l.!J~---......... _._....,_..._......_"-'-'-'-W-'-W 
0.1 0.2 0.5 1.0 2.0 10 20 

FREQUENCY (MC) 

Figure B. 7. Frequency Response of Emitter-Feedback-Peaking Amplifier When C12 = c1,3 = Q, 
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(61B) 

Substituting (60B) in (61B) results in 

. 
.bL .:.. 
Im 

RxK(P+tJeK)(P+Wk) (62~) 

P2 [Rxk + rbl<J + r [ Rxk(i.JJ< +~eft.) + rb~( WK+ wr:~h,eK}+ R11<W,J.t1 

l4J.,er- [ RxK + hie1< + R,,<(J + hfe1<)] J 
Let 

( 1., tJek hie~'\ R 
BK =. RxK(lJk+WeK) +ri,ic\')./1( + rbK ) + ,~WIK 

(63B) 

ck = WK WeK[ RxK + hie1< + R,I< (I+ hf,ek)] ~ uJ"' Wei{ Rxl< + h ;e1'] 

Substituting (63B) in (62B) gives 

(64B) 

The characteristic equation of (64B) may be plotted using the following 

equations when the roots are complex.l Fig. B.8 defines the terms. 

lJOK = j CK/ AK (65B) 

BK I.JoK 
!I<:= 2 CK (66B) 

(67B) 

lGeorge J. Thaler and Robert G. Brown, Servomechanism Analysis, 
PP· 243-246. 
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@(I.Jo)k = I/ 2 !/( 

{J(fimi\~)J< :: <JoKjJ- ~: 
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(68B) 

(69B) 

(70B) 

20 Log Gcmaic)K - - - -
-.- 2~ Lo9 Ll(Wo)K 

Figure B.8. Characteristic Equation Plot of (64B). 

The gain of the second or third stage is the product of (52B) and (64B) 

if (67B) is substituted for the denominator of (64B). 

·W) l+J-
bicmid)k. ( W1< 

(71B) 

Equation (71B) is plotted in Fig. B.9 for the second and third stage. 

The gain of the amplifier is given by (45B) and (71B). 

·~~~-G-~c_m_idJ_(i_1+_j_f~2 ~)~0_+_J_·f~:_· )--,---,---,---,---,-~--,---,---,-_ 

Gi1hi~h) =- Ti+j fCRx, + rb,_) } {[i-Ci..)21 +j[2t,-. ;. ]} . . l l 1 fe1 ( R,<1 ;- h ,e,) \fo~ J foz 

{r,_U\2]+ir2r3J_]} {i+J HRx4tYi,: } 
L l. fo3/ L To; eJJ x+ + 1e4-

(72B) 

The corner frequencies of the portions of (72B) due to the first and 

fourth stage were previously determined to be 

(,?. == 1.37MC co 
and f 4 = 2. 77 MC (7.3B) 
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Substituting circuit values: in. (6;9-B.)~, (6,B)~; (66:S)j:, (?OB): and~'1(i~f 'i 1 
' R1kClk 

gives .,. · 

cw 
fa = 8.03 IE; fON 

J = 1.31 MC 

fo2 - 16.32 MC; fo3 = 8 • .35 MC 
; . (74') 

f~u) 2 • 15 MC; ,A(IIIJC)J -
8.05 MC 

1 = 2 0.3~; != .3 
0.267 

Using the values found in ('mB) and (74BJ, (72B) ia plotted i:n Fig. B.,.10. 
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Figure B.10. Frequency Response of Emitter-Feedback-Peaking Amplifier With Compensation. 
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APPENDIX C 

ANALYSIS OF COLLECTOR TO BASE-FEEDBACK-PEAKlliG AMPLIFIER 

General Discussion: 

The h-parameters and their transformed values for this amplifier are 

given in Table C.I. The values in the table were obtained using the method 

of Appendix A and (lB} through (SB). Fig. B.5 may be used as the equiva-

lent circuit of this amplifier changing the prime parameters of the third 

stage to double-prime parameters. Equation (9B) through (15B) are applic-

able to this amplifier because the two amplifiers use the same biasing 

networks. 

Mid-Frequency Analysis 

The mid-frequency analysis of this amplifier may be performed using 

(16B) through (39B) by changing the prime parameters of (22B), (23B}, and 

(24B) to double-prime parameters and using the numerical values of Table 

C.I. The result obtained using the new values are listed below with the 

value when R1 = 600.fl..listed first and the value when R1 = 10 K.n..in paren-

thesis. 

1r/1s - 0.842 (0.231) R·1,4 = 471..n- (2 .31 K.n..) 

ig/i7 = 1.453 (0.309) Rj_4 = 26.2.n.. (14.43...n.) 

i7/i6. 0.96.3 (0.980) Rt3 = 25 .2.n. (14.17..n.) 

i6/i5 = 38.4 (44.0) Rj_3 = 381 :.0.. (434..nJ (1C) 

i5/i4 = 0.707 (0.678) Rz2 = 269..n. (294.n) 

i4/i3 • 95.6 (95.50) R12 = 59.2 K.n..(59.2 K.n..) 

Cont'd. 

51 



Transistor 
No. 

2N623-15 

2N62J-14 

2N623-ll 

2N623-12 

Transistor 
No. 

TABLE C.I 

h-PARAMETER VALUES FOR APPENDIX,C 

Stage 
No. 

1 

2 

3 

4 

Stage 
No. 

( .n. ) 

1.26K 

1.03K 

640 

500 

hie ' 
( .n. ) 

hre 

(_) 

55.4 

98.0 

66.0 

47.5 

hre ' 
(-) 

!lre hoe 

(x10-6) ( xlo-6) 

39.0 10 

59.5 30 

205 80 

106 50 

hre I hoe I 

(xio-3) ( x10-6) 

b.he 

(x10-3) 

10.4 

25,1 

34.7 

20.1 

hhe I 

(x10-3) 

-----------------------------------------------------------------------
2N62J-14 2 59,63K 96,3 17.7,5 29.5 52 

r 

Transistor Stage hie II hfe II hre II hoe" !::,.he" 
No. No. 

(..n..) (-) (x10-J) ( x10-6) (x10-J) 
,,_ ______ . -----------------------------------------------. ' - --~--- -- ---- . --

2N62J-ll 3 536 54,7 163 •. 17.1 260 

2N623-12 4 299 28.1 399 39.0 440 
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i3/i2 - 0.01525 (0.01525) R11 = 904n (904..n..) 

i2/i1 = 54.9 (54. 9) Ril = 1.26 K.n. (1.26 K.o..) (lC) 

i1/i9 = 0.638 (0.638) Rin = 804...0.. (804.0.) 

Rout = 100 ..n.. (100....(\.) 

Gi = 1630 (106.2) 20 Log Gi = 64.4 db (40.5 db) } (2C) 
Gv = 1135 (1320) 20 Log Gv = 61.1 db (62.5 db) 

High-Frequency Analysis Without Compensation 

The high-frequency analysis will make use of (40B) and (41B) with 

the addition of 1 

hoe -. _;a.;.a........,..,w,-- e 

t t J-. -
We 

(3C) 

Equation (42B) through {54B) are still applicable to the high-frequency 

analysis of the first and second stages when the second stage is uncom-

53 

pensated, C12 = 0. For convenience the equations for the gain and corner 

frequencies of the two stages are rewritten as 

Gi 12. • 
• <Mgh)1 = Tg = 

fe, ( R:,<1 + hie1) 
Rx, t r1,, 

~ ~tlllid)z 
(l.(h' h' - ·. 14 ..:... ------....--,------
U'I 19 n - -i.2- - f ( Rx2 + R,2 + r,,2 ) 

rec ..:.. 
1'2 -

+ J fez ( Rx2 + hj~) 

fez ( Rxz + hie"2) 
Rx~ + R12-+ t'i,2 

1Richard F. Shea, Transistor Circuit Engineering, p. 39. 

(45B) 

(46B) 

(53B) 

(54B) 
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The frElquenqy l'.'esponse of the first and second stageEi is shown tn ~ig. C .1. 

The values of Ri3 and R7,3 as defined by (14B) and (15B) must be known 

to make a high-frequency analysis of the third stage, but they now become 

the frequency dependent quantities, 

(4c) 

and 

These equations become too complicated to be of much practical use. Ri4 

in (lC) was determined to be 26.2..n. for Rt = 600n. Equation (40B) gives 

* * Ri4 = rb4 ; f>> fe, hence if we make the assumption that Ri4 = Ri4; f z fe 

* and~= rb4; f>>fe, the following equation will result. 

(6C) 

Making the same assumptions for RiJ* (RiJ = 381.rL) gives 

• R· >"' , 13 r b3 • (7C) 

Proceeding with the analysis, 

. 
J.£ -
14-

(8C) 

Substituting (7C) in (8C) and simplifying results in 

l (9c) 
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Then 

//,lj: 

li.. = ~~-hf~e~3...._ __ __ 
15" I + h0;: Ril 

Equation (7B) gives 

h ''* .!.. 
fe -

Further, (8B) gives 

h //~ .!.. h * oe - oe + 

56 

(lOC) 

. 
' (llC) 

(12C) 

Substituting (llC) and (12C) in (lOC) and making four consecutive approxi-

mations give 

i6 h;e1 +ZF3 * * -,-5 .:. --J _+_[_h_oe_:;_,;._( h-,-e~-~ .....:.+=i.:..,-;,-) _+_:./...;.+_h_t_e_l_]-:-R-t-3*'.,--- ; h+ e J zf:3' >> h ie.1 ( 13C ) 

hiet + Z13 

' 
l 6 ' -. = 
l.r 

• 
16 .:.. -. -
1_5 

(14c) 

h+e~ Zf:s • 
h,e~ + Z..f 3 + R1,'\ h;e f J 

(15C) 

(16C) 

The approximation made in (16C) is not valid for the third stage but is 

valid for the fourth stage. Substituting (6C) in (5C) 

Rx4 Ri4-~--------------- } 

R• [ l+P~ ·1 
1+ R'4 I+ p-_ .... 1 __ _ 

We.4. rb4-

(17C) 

R')(4 + 



then simplifying (17C) 

l (18C) 

Substituting (40B), (41B), (18C), and Zr3 = Rr3 in (15C) gives 

[ Rf3 hte; 

J I . I+ p We.3 16 . 
-·-

t+r r., J ~ ,n-1 i.s 
U>e3hie3 + + We.4. 

hie!, 1 + P _L_ Rf3 Ri1 I +P _ Ri4( rb4 + Rx4-) 
I.Je3 We.rb4( Rx4 + R;4-) 

Simplifying (19C) results in 

where, y = Rg (rb4 + RxA.) • 
rb(Rx-4. + ft:i.4) 

Let 

then, 

. 
~· 
l 5" A p'2 + ...B...p + I 

C C 

(19C) 
• 

[ hfe3 

l+P-1-
We3 

(21C) 

(22c) 
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Tb.e cha.rac:t,eristic equatio~ of {22C) may pe f act,ored, wi thou:t complex 

root, using the numerical values ofthis particular amplifier. The 

product of (9C) and (22C) is the gain of the third stage. 

[ I + P-1 ] [1 + P.-. y J (; We4_ _ We4: 
( hi~b) 3 = G(miJ>J -[ 1,1:,+_r_.,...R.:;)(3 .... + .... r"""b-:J_...,.J _r. =A"-p=-:1.-+_B_p_+_l]-

t.Je:-1 ( Ri<3 + Ri3) LC C 

From (23C), the following corner frequency equations are obtained. 

fco le:; ( Rx3 + Ri3) 
33 Rx3 + rbJ 

e_co = 
T43 

l'o -
!H -

B+/BZ-4-AC 
41fA 

B- /82 -4AC 
4 'ff A 

(23C) 

(24c) 

.Another method of obtaining i6/i5 should be pointed out at this time. 

First assume 

and 

h ''* .:.. +e -
h I/ 
fe 

I I + P tve · 

h II 
h 1111!.:... __ o_e __ 

oe -
l+P_J_ 

lue 

(25C) 

(26C) 

Substituting (18C), (25c), and (26C) in (lOC) and simplifying, the fol-

lowing result is obtained. 

h ,, 
Jez 

l+P-':f
lDe4- (27C) 
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This equation gives approximately the same result as (22C). The response 

curve of (23C) is shown in Fig. C.2. 

Analysis of the uncompensated fourth stage, Lf4 = O, begins as follows: 

(28C) 

In this stage, Ri4 < rb; hence, (6C) applies. Substituting this equation 

in (28C) gives 

.lz. .!. ______ R_x_4----=--

16 [ I + P w~4 J Rx4 + Ri4 R· 
l+-P i4-

We4 rb4 . 

Simplifying (29C)J 

When the fourth stage is uncompensated (11~= O), (16C) becomes 

. 
lg • -= . 

J 

* but, Ri4 = R14 so (31C) becomes simply 

. 
's . --· . -

(29C) 

(30C) 

(31C) 

(32C) 

The product of (30C) and (32C) then gives the uncompensated gain of the 

fourth stage to be 

(33c) 
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The following corner frequency equations are obtained from (JJC) 

tco 
;i.+ .:. 

fe4 rb4( Rx4 + Ri4) 

Ri4 ( Rx4 + rb+) 
(34c) 

In this case, Rx4:+ rb4 = l; therefore, G(high) = G(mid) for this stage. 
Rx4 + Ri4 

It is seen that the response remains at the same level as frequency be-

comes increasingly larger, i.e., the power of Pin the numerator is the 

same as that of the denominator. This would not be true if (16G) were 

replaced by either of the three equations preceding it when the frequen-

cy became large enough to prevent the approximation made to become invalid. 

The response is not of interest at these frequencies for this particular 

case. 

The current gain of the complete amplifier, when uncompensated 

(Lf4 = o, C12 = O), is the product of (45B), (53B), (2JC), (JJC) and 

ig/i1 = R44/(~4-+ R1). The frequency response of the complete ampli

fier is shown in Fig. C.J. 

High-Frequency Analysis With Compensation 
' 

The desired frequency compensation may be obtained by selecting 

the proper values of C12 and Lf4• Changing these values causes (5JB) 

and (JJC) for the second and fourth stages, respectively, to beeome 

invalid. The first and third stage equations, (45B) and (2JC), are 

still valid. Equations (58B) through (71B) now apply to the second 

stage, with (71B) giving the relative gain. Equation (JOC) is still 

valid, but (J2C) must now be replaced by 

(35c) 

Substituting 
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Figure c.3. Frequency Response of Uncompensated Collector to Base-Feedback-Peaking Amplifier. 
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(J6C) 

in (J5C) results in 

. 
17 

(J7C) 'a .:. -.--

The current gain of the fourth stage is the product of (JOG) and (37C) 

(J8C) 

where, G(mid)4 = ~ Rf4 5• The corner frequencies obtained from 
Ri4 Rz4 + Rj_4 

(J8C) are 

on f e4- rb4- co fe,i.rb4- ( Rx4 + Ri4-) 
t,4. = .I f2.+ = R;.,.( Rx+ + l"b4-) Ri4 

(39c) 

f°n Rh 4- co Rt,4 + Rf Z4 - f44 = 34 2TrL14 
) 271'Lf4-

The over-all current gain of the amplifier is the product of (45B), (71B), 

(23 C), (3 8C) ~nd ir/ i8 = ~/ (~ + R1 ) • The second and fourth stage fr~ 

quency response given by (71B) and (38C), respectively, is plotted in Fig. 

c.4. The over-all frequency response (R1 = 600.n..) of the amplifier with 

the second and fourth stages compensated is plotted in Fig. c.5. 
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Figw;e c.4. Frequency Response of the Second and Fourth Stages in the Collector to Base-Feedback Peak
ing Amplifier. R' 
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Figure C.5. Frequency Response of the Complete Collector to Base-Feedback-Peaking Amplifier. 
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