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ABSTRACT

    Transistors are nonlinear devices, which can produce

nonlinear distortion in amplifier while amplifying signals.

For weak nonlinear distortion, the expressions of total

harmonic distortion (THD), the second-order intermodu-

lation distortion (IM2，the third-order intermodulation

distortion (IMp) and intercept point W s) are deduced.

With the aid of software Multisim, we simulate transistor

common-emitter    amplifier,  transistor  common-emitter

amplifier with resistor in emitter, differential

and differential amplifier with
The simulational results and

resistorbetween

amplifier

emitters.

theoretical analysesare al-

the same

words: nonlinear distortion; intermodulation distor-

      tion; intercept point; negative feedback; dif-

      ferential amplifier

INTRODUCTION

    The input characteristic is=f(uaE) I。二一，.t

and the output characteristic is二f(UCE) lis -
of transistor are both nonlinear. Therefore, an

appropriate operating point (usually denoted by

Q) is necessary for transistors operating within

the approximately linear range, so that the input

signal can be amplified without distortion (or

distortion is within the permissive range). It is

very important to select the operating point, be-

cause neither can it be too close to the saturation

region, nor to the cut-off region.  Otherwise,

nonlinear distortion will be generated, when the

input signal is large enough to cause the transis-

for to work in the saturation region or in the cut-

off region

    Distortion of the amplifier can be classified

as linear and nonlinear ones. Due to the influence

of coupling capacitance, junction capacitance and

by-pass capacitance, a frequency band exists for

the circuit. Within the passing band, the ampli-

fying times and the phase shift are almost the

same. Out of the passing band, the amplifying
times will decrease and the change of phase shift

will take place (increase or decrease). When a

certain signal is the input of the amplifier, such

as a square waveform composed of different fre-

quency components, the amplifying times and

phase shifts vary with the different frequency

components. So the output signal will be distort-

ed, which is called linear distortion. The most

obvious characteristic of linear distortion is that

no new frequency component is generated in the

output signal

    Nonlinear distortion is caused by a nonlinear

transfer characteristic. The waveform of the out-

put is different from that of the input. This cor-

responds to the generation of new frequency com-

portents, which is the characteristic of this kind

of distortion.
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    According to the degree, nonlinear distor-

tion is classified as weak and hard ones, as

shown in Fig. 1(a,b).

to~ao+a'us,+au,'+a3uM3+⋯ (1)

where

      1 d'i,

几=n ! d"uae (2)

(a)  Weak nonlinear distortion

    Coefficient as represents the do component of

the output signal. a3 represents the linear gain of

the amplifier and at, a� """,a. represent coeffi-

cients of distortion terms.

      Under the condition of weak nonlinear dis-

tortion, the terms whose order is higher than 3

can be neglected and Eq. (1) can be simplified as

        ‘。二ao+aiu}+aiu}'+a3u}3      (3)

    Application of a cosine waveform  u6 =

Umcosrtt as input signal to Eq. (3) yields

‘。一+合a2Umz DC component

-!-(a,寻a3U.I )Umcosmt
Fundamental component

+音a2Um'cos2mt
+专a3Um'cos3wt

Second-order component

(b)  Hard nonlinear distortion

  Fig. 1  Nonlinear distortion

    Since hard nonlinear distortion can be avoid-

ed by adjusting the operating point or reducing

the input signal amplitude, they will not be dis-

cussed any more in this paper. Then let us con-

sider the characteristic and the improving mea-

sures of weak nonlinear distortion, as shown in

Fig. I (a).

                  Third-order component  (4)

    Harmonic distortion is usually used to repre-

sent the amplifier distortion. The nth harmonic

distortion, with second-order, third-order bar-

monic distortion considered mainly, is then de-

fined as the ratio of the component of frequency

n- to the one at the fundamental m. Application

to Eq. (4) yields the second-order harmonic dis-

tortion coefficient HD, as

HD,
a，十34 asUm0

。。、告a2 Um  (5)a,1于2
1   WEAK NONLINEAR DISTOR-

    TION AND ITS INDEX

and the third-order harmonic distortion coeffi-

cient HD, as

a,+寻a ,U.'
U.= z 4 LUme (6)1︷4

万刀:

    Let us consider an amplifier with

nonlinear distortion as in Fig. 1(a). The

collector ac current i.(t), simplified by i,
expressed in terms of the input emitter ac

by a power series

a weak

It can be seen that HD, is approximately propor-

tional to Um and HDa to口”气

    The total  harmonic distortion coefficient

了万刀is defined as

万方数据



184 Transactions of Nanjing University of Aeronautics & Astronautics Vol. 17

The relation curves of the fundamental compo-

nent a,U., third-order intermodulation compo-

nent寻a3Um’versus
shown in Fig. 2,

as horizontal axis

the amplitude of input signal

with input signal amplitude

and output signal amplitude

vertical axis.

吟
Um

as

          THD=-d HD',+HD;十⋯ (7)

      Also the amplifier distortion can be mea-

sured by the intermodulation distortion :IM)

Use of an input signal, such as u,.=Umcosw,t+

U.,cosw,t (let wt>w2), which is composed of two

frequencies close to each other yields

    i, =ao+a, (Umcosw,t+Umcosco,t)+

        a2 (Umcosw,t+Umcoswrt)'+
。P

al姚

a' (Umcosw,t+Umcosw't)'二

a.+a,U扩+a2Um'cos(w:一w)￡十

a2Um'cos(w=+.,)t+

〔一:7m+子a'U.'，一‘+

(a,U.+子a3Um'，一‘+

寻a,U,'cos(2w,一，‘+

3 a'[p

A
~盆
乙

石

U,/ V
IP,

寻a3U.'cos (2w:一w,)t+
Fig. 2  Fundamental and IM3 component versus

        input voltage

寻。,U.'cos (2w,+w2)t+

寻a,Um'cos (2w,+.,)t十

合a2U.'cos2w,t+合a2Um'cos2w,t+

4 a,U�'cos3w,t+4 a,Um'cos3w,t

    The point where the extrapolated curves of a

and b coincide is called third-order intercept point

denoted by P. Application of the characteristic of

P yields

了尸。 (13)
(8)

        Second-order  intermodulation distortion

(7M2) is defined as the ratio of the component at

frequencies w，士w, to the one at w, or w,. Appli-

yields

    Note that IP, represents the input signal

amplitude when IM,二1. The larger the IP� the

better the linear characteristic of the amplifier

and the smaller the distortion.

cation to Eq. (8)

IM,、知m (9)

        Third-order  intermodulation  distortion

(IM,) is defined as the ratio of the component at

frequencies 2w,士wt,2w:士wi to the one at wt ,w2.

Application to Eq. (8) yields

2   DISTORTION ANALYSES OF

      COMMON EMITTER AMPLI-

      FIER  AND  DIFFERENTIAL

      AMPLIFIER

IM,、音会U.2 (10)
      The collector

amplifier, shown

current of the common emitter

in Fig. 3(a) is given by
Comparison of Eqs. ( 9, 10 ) with Eqs. ( 5, 6 )

yields
ic=Ise

IMz=

IM，二

2HDz

3HD_, :{;:
which can be expressed by the sum

component Icc and the ac component i.,

      (14)

of the do

L e. ,t,=
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Ica牛il. Emitter voltage uar, can be expressed as

URF =UBE +llb.Hence, Eq. (14) results in

          :。一，m(e}一1) R,tok 1R,loh V12V

玉
一10k

For small input signals, i. e.，u}+Ur,

(15) can be expanded in

high order terms neglected

Taylor series

(15)

Eq.

with

  Q,    Q,
2N"1042N71}1

u,+卉
U T 乙 :

'y, I“+弄{'I’1
曰 丁1     s : 、U TI  J

                                                      (16)

Use of Eqs. (5, 6, 9,10,13) and substitution of

uy.=U,cos-t yields

亏‘丁了 V,12V

(c)  Differential amplifier
(17)呱孤

I从 =2HD,=

'M3=3HD，二 令 (外)2
UT'

(18)

IP，二了厄UT (19) R,tok IR10k V,12V
      A

ststor,

gattve

common emitter amplifier with emitter re-

whose feedback type is current serial ne-

feedback,

      呱

is shown in Fig. 3(b).

lov

        风
护---一一亡二二习一一--

        l0k

    Q, 几
2N2222A 2N2222

      ‘

R,8965
V,12V

  C,
州 一

\/V,SO mV

Q20 pF
}0111V10M I,1mA

R,103.5
R,5k V,40v (d)  Differential amplifier with negative feedback

Fig. 3  Fundamental circuits

(a)  Single bipolar transistor amplifier

    The model shown in Fig. 4(a) can be set up

for a negative feedback amplifier, where k, repre-

sents the feedback coefficient.

服 }lov

R,896.5
  C,
州 卜
10口

)V,
10 mV

10 kHz

020Q,四

R,103.5
R.5k V,40V

R,1 000
Fig. 4  Negative feedback amplifier model

(b) Single transistor amplifier with

negative feedback
From the model we obtain
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y

                  y

Substituting of

=a,u+a,u'+a,u'
=V一k,y

”b,V+62V }+6,V'

(20)

(21)

(22)

IP,!一4UT V (1+象;二)3 (32)

3  SIMULATION RESULTS

b,二

Eqs. (21,22) into Eq. (20)

      a,

1+a,k,

        a之

(1+a,kf)'

a, (1十a,kf)一2a,tkf

(23)

b,二 (24)

b,= (1+a,kf)'
(25)

According to Eq. (13) we get the intercept point

IP,f of negative feedback amplifier with emitter

resistor RE as

    By software Multisim the circuits in Fig. 3(a

一 d)are simulated  with  bipolar  transistor

2N2222A, whose parameters are shown in Table

1

              Table 1 Paratnetera of 2N2222A

Forward transfer

    coefficient

Reverse transfer

    coefficient

Saturation

current/A

220 3. 0611E- 14

    IP,‘一稀
in which

a,(1十a,k,)'
a,(1十a,kf)一2arrk,

(26)
Base resistance

      /ko

    Emitter

resistance/kQ

  Collector

resistance/k口

豁RE,at = Ua
0.13 0.22 0.12

k,=

1
口2今 2 !砰 '-'’ (27)

      Provided

ferential pair

the parameters of Qt,Q, in the dif-

are strictly symmetrical, obtain

the relation between output current io

voltage iii., as

      ‘一‘一‘一’Eeth ( 2Ur )

weandinput

(28)

    With regards to Fig. 3(b), RE is among the

range of 0̂-1. 5 kn. The larger RE is, the deeper

the negative feedback of amplifier is. The circuit

in Fig. 3(a) is just under the condition that RE=

0 in Fig. 3(b). Comparison of theoretical analy-

sea with simulational results is shown in Fig. 5.
          3乃 r

一一

灿

%mnl0- 1 carve

Under small signal ud condition

th(二)、二一293 (29) 13eo笼石右目口山rv亡

It can be obtained from Eq. (13) that

                  IP,=4UT               (31)

    Fig. 3(d) shows the differential amplifier

with emitter resistor REE, in which Qt and Qr are

strictly symmetrical. This is a current serial neg-

ative feedback amplifier with REE as negative re-

sistor and k,=REE as feedback coefficient. From

500 1仪城

1

1

，
卜
州
月
比
.
.
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1
里

0

幼

20

仍

10

姑

。

 
 
 
 
 
 
 
 

净
、螃Eq. (28) can be expanded as

          一;「tta_工}aid 1'l
          ‘。一‘̀aLWT    3\2UT)」

(30)

1 500

R,i n

Fig. 5  Effect of Re to IPa in single

      transistor amplifier

It is the same to the circuits shown in Fig.

,(d). Fig. 3(c) is also a special case of Fig

3

3

Eq. (26), in which a，二_I EE2UT，ar， 0, a,=
Im      (c)
3       (d)when REE=O. Comparison is shown in Fig.

,IPa1 can be obtained as 6
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5止口川arias目curve

UP,) is taken to analyze distortion in transistor

amplifier. The larger the IP� the better the lin-

ear performance of the amplifier. With negative

feedback the linear characteristic can be improved

a lot, which is proved by the congruity between

the theoretical analyses and simulational results.

李
~﹄万

Theoretical curve
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放大器中非线性失真的研究

          王成华 包 葬

(南京航空奴天大学电子工程系 南京,210016)

摘要 晶体管是非线性器件，在放大信号时会产生非线性

失真。针对弱非线性失真，推导了总谐波人(THD)、二阶

互调失真UMr )、三阶互调失弃(IM,)和欲点“尸:)的表达

式，借助于Multisim软件，对晶体管共发放大器、发射极

带反债电阻的失发放大器、差分放大移和发射极间带反该

电阻的差分放大器进行了仿真，并与理论结果作了比较，

结果令人浦愈。

关.词:非级性失弃;互调失真，截点;负反该，差分对
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