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Small Signal Ac Analysis of BJTs @

A transistor can be used as an amplifying device. That is, the output sinusoidal
signal is greater than the input signal.

] Bt | %= A

Note:

e The output of the amplifier cannot exceed the dc power level of the
amplifier’s dc supply. If it exceeds the dc level of the supply it will result in
the clipping of the output signal.
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* The analysis or design of any electronic amplifier has two components:
1. The dc response of the system.
2. The ac response of the system.
Due to superposition theorem the dc response can be totally separated
from the ac response and the total response of the system will be:
The total response = the dc response + the ac response
All the dc signals in an electronic amplifier will be given a notation with
capital letters, as for the ac signals they are given small letters subscripts.
For example (dc signals) Ig,Ic, Vge and (ac signals) Iy, I, V. .
To know the ac analysis of a transistor, an ac model for the transistor is required.
Many ac models of the transistor exist in this study the r, - model is employed.
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The r. transistor model:
The Common-Emitter Configuration (C-E):

¢
R
L 2

The Common-Base Configuration (C-B):

= -

Ez

The Common-Collector Configuration (C-C):
For the C-C configuration the r. -model defined for the C-E configuration is
normally applied.

{3 £
—
*b BTw
(s
Bre
E c e

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Small Signal Ac Analysis of BITs Electronics ||

)
Note:
For all of the transistor configurations the ac equivalent is obtained by:
1. Setting all dc sources to zero and replacing them by a short-circuit

equivalent.

2. Replacing all capacitors by a short-circuit equivalent.
3. Removing all elements bypassed by a capacitor.
4, Replacing the transistor by its ac equivalent model (r. —model).
5. Finding the important parameters of any system (Z;, Z, ,A,)
7, =3
= I
Vo
Zo =1
o
V
A, = =
Vi
z
i =
.Jr
s Sushem = ki"’
V =\

C-E Fixed-Bias Configuration Ac analysis:
4 NVee
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Replacing all dc sources and capacitors by short circuits we get:

o A
T. " =
U|. '__h 1 o QC— ‘-—‘in
e, Ra E =
Z; 1

Replacing the transistor by its ac equivalent model (r. —model) results in the
following network:

- T E_“—.
g ¢ |tz t
2l " 3B BT 8
Uf 'g@ (e RC - “7’
z. 1

The values of r, and B are given in the specification sheet of the transistor. While
r. must be determined from the dc analysis:

26mvV
ITe =
EEQ
To find Ii .

Zi =[__]=RBJ’J"BI'E
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ifRB > 10Br,

Z,

®

The output resistance is obtained by setting the source voltage (V) to zero and
the load resistance R, to infinity and by driving the output terminals from a
generator V.. If the current drawn from V; is I, then:

ZDHIZ

IfV.=0,V,=0andl =1, =0 resulting in Bl =0 and

Z, =R | if 7 =10R,

A,

Vo = —Bly(Re//15)
i

> Bre

Y,
Vo = =BG (Re//ro)

Vo  (Re//To)
W:ﬁ =TT
R.;"(_
Fr_e ng (s 2! \D ef.
| Note:

The negative sign in the A, equation shows that a 180° phase shift exists between
the input and the output.
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Example 5.1

Voltage Divider Bias Configuration Ac Analysis:

Its ac equivalent circuit is shown below:
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@
T—b: E’;.-J_... - - (Rc”f'u‘\
g (B

[Avs s - _ec%J = —SL 7\ Re

Note: the negafive sign shows a 180° phase shift between V, and V,.

Example 5.2
C-E Emitter-Bias Configuration:

Unbypassed

+V.:::

The ac equivalent circuit is shown In the following figure:
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In the ac equivalent circuit r, is absent. The presence of r, complicates the
analysis very much and considering the fact that in most situations its effect can
be ignored.

First applying Kirchhoff’s voltage law to the input side of the ac equivalent circuit
results in:

Vi=Te Pl 4 Tele
Vi Te e 4 (Ba)TeRe

2\3: -%t = &ﬁ: - CE-H)ﬂi,

The result as displayed in the figure below reveals that the input impedance of a
transistor with an unbypassed resistor R; is determined by

[Ee= e Brike 5

secsusalps 11 Bip 22 B+ PRe
E&: p’(ﬁiﬁ— \‘EE\ !
btl:auh:{. Re 77 fe Peen l\.Z-"Ci_."'“':'lr"--- ",?:’RE: I

Z,
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XTEI,' = Reall ij
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ID p—
Zo= Rc
A, :
e e M
Ze

Uyz - ToRe = —PTbRe

—

= i “—'-.i‘;,)ﬁcg

Tl —
gsa&ip,qa;-__ﬁ—e

' ~
and E‘ur“J:LwL qipi::;chEM akionN Zb =

Note: also the negative sign reveals a phase shift between V, and V.,

Bypassed: Sl
3:::- T
i J-_-_l e
Ur' _"":?—_\
e T

If Re is bypassed than the same ac equivalent of the fixed-bias configuration i
obtained and the same equations for Z, Z,, and A, are applied.
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Example 5.3
Example 5.4
Example 5.5
Example 5.6
Emitter-Follower Configuration:
+\Vee
C

1

Wy e ‘l &
£ ? -
-ZI..'-_* 119
Re s

Lo

-

The terminology "emitter-follower” is given to this configuration because the
output V, from the emitter follows the magnitude of the input voltage V, and in
phase with V.

Ay =1 for the emitter-follower configuration.

Note: the emitter-follower is used as a buffer between stages because the
emitter follower provides high input impedance and low output impedance and
its voltage gain is approximately equal to 1.

The ac equivalent circuit for the emitter-follower shown above is as in the
following figure: (r, is absent to simplify the calculations 1, = 10R)
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Note: V, and V; are in phase.
Example 5.7

Other emitter-follower configurations are shown below:

For the first network (shown below) all equations are the same as the previous

emitter-follower the only change is that Rg is replaced by R'=R;\\R;.
1+\Vee

For the second network also all equations are the same and only R is replaced by

R;\\R,. The effect of Rq is only on the Q-point of operation.
1+I'HIC’-._

1 Re

Cy

V.
1o I

Re

= Rz

Common-Base Configuration:

The common-base amplifier has;

1. Low input impedance.
2. High output impedance.
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3. Current gain less than 1.
4. Voltage gain is large.

The ac equivalent circuit of the C-B configuration is shown below:

- 1__51 Te

Note: r, is not included in the ac equivalent because its value is in the megaohms
range and can be ignored in parallel with the resistor R.

2o =Re |

A,
Vo= -TLole = _(__"E"-CBEL = ol Teke

Te = M
(e

Uo"i@l %\QC
&Qc ~ _@_E_._

F\\J: ——EJGLE‘—”:'T; (e
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A .f']l.asum?ﬂj Ei‘h‘-"\:\' RE‘?? (e *&'&E'\Jlﬂ =
Ae=%i

&?f-—rj—:—e‘f—""dg“'i
5

A,,, has a positive sign, this means that V, and V, are in phase.
‘ Example 5.8 \

The Current Gain: (A;)

For all the previous configurations only the voltage gain was derived due to its
importance. For each transistor configuration, the current gain can be determined
directly from the voltage gain, the defined load, and the input impedance.

The derivation of the equation for finding the current gain (A;) as a function of A,
can be found using the following two-port cn,gflguratiﬂn

f’_u_.j' H—
fiie e
S - . ol
__-—E-.-;._K—'J-‘-—- and o= - i
=z __:_\:;:_ ! i
. 2"- T Q #.-—"—""
LB e e R

!i:\\.."' -*15\“-’1_#

Note: the value of R, is defined bv the location of V, and |,.
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Effect of R, and Rg:

Z, Z,, and A, found in the previous sections are for an unloaded amplifier and with
the input voltage directly connected to a terminal of the transistor. If 2 load
resistance (R.) is added to the output terminal and a source with an internal
resistance (Rs) is used then the equations for Z,, Z,, and A, will change.

Take for example the fixed-bias configuration shown in the following figure:

*Uce
'8
P\g - ,—__:'- Iﬂ\ s
—— Js 7
Ny - 1

____‘._,_. -

Beca usg the load resistance (R,) is not attached the voltage gain is reffered to as
the no-load gain and given by:

; \Ja
WHL:‘. ‘T

[
While if a load R, is connected to the output as shown in the figure below, it will

change the overall gain of the system. The loaded gain is given by:

Y WVee
- B u" Ml“"‘ Ry RE% ?‘C 4
"1"—_1}_ 4 Ur?
N il j_

If RL and Rs are both introduced as shown in thﬁ figure below, the resulting gain is
given by 8 s
R e:
e ? T
Vo l RL ‘Uo
: 1 — ‘l"
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The same approach to analyze circuits with no load is employed for circuits with
R. and Rs which is to draw the ac equivalent circuit of the network and find the
important parameters (Z;, Z,, and A,).

Far example: Mce

o, Re

B
O M

Drawing the ac equivalent circuit results in the following circuit:

i
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Tm [ % re ‘

[Z.= Rellr. ]

Auy = Neo _ Ve My
s Vs — \)F% Vs
Z Us
\J’h-—- 2‘+@5
M

g T Ub — .—2:
A Vs ~ Avex i+ Re

_ i i W <
RS Rl -~
— I {’\‘J_a s A'\JL-

Example 5.11

For the voltage divider configuration shown below:
rJer

Re i =\
T {? - RL. Uu
“r Vighky ¢ 2o
\""fl'_ -i-:-'- E—]-CE -

e

The ac equivalent circuit is shown in the following ﬁggre:

VT

= |
wb 4= Rc o QL\)E'
L] 1
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E_% S Ne_ RCLLQL_J
F‘—i—: Rl Ra U@rﬁ—\
YZ@: Rellre A\J;._,_————-* Auc l

€ix Rs |
For the emittﬁr follower configuration shown below with its ac Equwalent circui
ce

P2y [ E

The only difference from the unloaded amplifier is the parallel combination of Re

and R, and the addition of the source resistance. So the guantities of interest can
be found by simply replacing each Re by Re // Ri.an s A Ylae 2 Voo 'ﬂj

Py oo .. Bellfe
¢ Rellu+rle
(2= el 2s)

E‘f seelen) (2.2 |
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Cascade Configuration:

In the cascade configuration the output of one stage appears as the input for the
following stage. The input impedance for the second stage is the load impedance
for the first stage.

The total gain is the product of the gain of each stage including the loading effects
of the following stage.

One popular connection of amplifier stages is the RC-Coupled amplifier shown in

the figure below:
*\Vec

1

The coupling capacitors isolate the two stages from a dc viewpoint but acts as a
short circuit equivalent for the ac response.

Example 5.15
Important Notes:

e The |loaded voltage gain of an amplifier is always less than the no-load gain.

* The gain with a source resistance will always be less than that under loaded
or unloaded conditions.
“ Ay Ay > Avs

» For a particular design, the larger the level of R, the greater is the level of
the ac gain. As R gets larger A, approaches Ay,

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

o)
Small Signal Ac Analysis of BITs Electronics Il @'

If R,— o0 Ayl = Avn

e For a particular amplifier, the smaller the internal resistance of the signal
source, the greater is the overall gain.
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| | ©  Z Recall that the output impedznce of any system is defined as the impedance Z, de-
L “‘; termined when V, = 0. Far Fig. 5.22, when V; = 0,1; = I, = 0, resulting in an open-circuit

g . - ' equivalence for the current source. The result 1s the configuration of Fig. 5.23 We have
l 1 Z, = Rplea ohms (5.3)
- -

If r. = 10K, the approximation R r, = Rqis frequently applied, and

FIC. 523 [ c» the app cl¥s c q ¥ apple
Dietermining T, fror the network of

Fig. 5.22. IE‘ ——e (5.4)

A, The resistors r, and R, are in parallel, and
Lr-" e _ﬁfﬁ[ﬂf:!r-'l:

bt GiEs 2
1 I ,Br,
v
7 th [ SR ===k Y
s that V. (.ﬂ"g]lﬁrlr‘“
|
Y (Relr, =
and A, =—= ——fl ) (5.5)
¥ T

If r, = I0R sothat the effect of r, can be ignored,

ol R (5.6)
B R

Note the explicit absence of B in Egs. (5.5) and (5.6), althongh we recognize that 3 must
be utilized to determane ».

Phase Relationship The ncgative sign in the resulting equation for A, reveals that a 130°
phase shift oceurs between the input and output signals, as shown in Fig. 5.24. The is a re-
sult of the fact that 27, establishes a current through R that will result in a voltage across
Rc. the opposite of that defined by V..

! 0 I
FIG. 5.24
Demonstrating the 1807 phase shift between input and ourpur
waveformms.

EXAMPLE 51 For the network of Fig. 5.25:
a, Determming r,.

b. Find Z, (with r, = o= {}).
256
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=100 Ly
r,=50kQ

FIG. 5.25
Example 5.1,

c. Calculate 2, (with r, = = {10,
d. Determine A, (with r, = o= [T}
e, Repeal purls (c) and (d) including r, = 50k} in all calculations and compare results.

Solution:
a, DU analysis:
Vp.-_- = Vgg 12V — 07V
fyom= = = 24
8 Ry 470 k() <
Ie = (B + 1y = (101)(2404 uA) = 2428 mA
g v 6 mV
e AR T

¥ e 2428mA
b fBr, = (L00)(10.71 1) = 1.071 kQ
2, = Rgl|pr, = 470k0[1.071 k) = 107k0
¢ T = Re=3k0
R 3k

= = = -
d. A, v 0710 280.11
e Z,=r|R- = 50kOIKD = 2.83k0N v 3K
rlRe 2830
A === = = x v X
i F, 10710 264.24 vs, —280.11
— e p—

5.6 VOLTAGE-DIVIDER BIAS

The next configuration to be analyzed is the veitage-divider bias nctwork of Fig. 5.26. Re-
call that the name of the configuration is a result of the voltage-divider bias at the input side
to determing the de level of Vs

Substituting the r, equivalent circuit results in the netwerk of Fig, 5.27. Note the absence
of R due to the low-impedance shorting effect of the bypass capacitor, Cp. That is, at the
frequency {or frequencies) of operation. the reactance of the capacitor is so small compared
ter iy that it 3s treated as a short circuit across R, When Vi is seit to zero, it places one end
of R and R¢ at ground potential as shown in Fig. 5.27, In zddition, note that R, and R, re-
main part of the input circuit, whereas R, is part of the output circoit, The parallel combi-
nation of R, and R, is defined by

o2 L
R' = RyR; = R+ R (5.7)
Z; From Fig 527
Z, = R'|pr. (5.8)
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For v, = 10R,, VOLTAGE-DIVIDER 259
Blas

v, Be |
A =LK
¥ Fy

(3.12)

F= 1R

Phase Relationship The negative sign of Eq, (5.11) reveals a 180° phase shift between V,
and V,

EXAMPLE 5.2 For the network of Fip. 5.28, determine:
o r.

Z;

Z,(r, = = Q).

A, (7, = = 1),

The parameters of parts (b} through (d) if 1, = 30 k{) and compare rzsuls,

Lo e

Yy
}
0.8k
gﬁﬁkﬂ 1 uF
blt -
10 uF -
‘?°—'!|——I: G=90 %
—
I
— éB.Ek_ﬂ
g ) |.5m§ 20 uF
= - I

FiG. 5.28
Example 3.2

Solution:
a. DC: Testing BRe = 10R,,
(90)(1.5 k0 > 10(8.2 kid)
133 kfl = B2kL} (sarisfied)
Using the approximate approach, we obiain
_ R, (B2k0)(22V)
Yo T R R T 36k0 - 52k0
| 2
Ve=Vg— Vo =281V =07V =211V
fg= E = 2—”"? = 141 mA
R: 15kD
L ST
I L4l mA
b R — R [Ry = (56k0)[(8.2kQ) = 7.15k0
2, = R|Br, = 715k (90)(18.44 ) = 7.15k{1]1.66 kO
1.35k0D
Fe =68k

=281V

]

e zl’.l
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R 6.8 k0
o T = 36876
T, i %8

e Z = 135k0
Z, = Rr, = 6.8kQ[50k = 598 k() vs. 6.8 ki)
Rlr,  598k0
BT T TT

There was a measurable dilference in the results for Z, and A, becanse the condition
¥, = 10R was not satisfied.

d A=

—324.3 vs. —363.76

A, =

5.7 CEEMITTER-BIAS CONFIGURATION @

The networks examined in this section include an emitier resistor that may or may not be
bypassed in the ac domain, We first consider the unbypassed situation and then modify the
resulting equations for the bypassed configuration,

Unbypassed

The most fundamental of unbypassed configurations appears in Fig. 5.29. The r, equivalant
maodel is substituted in Fig. 5.30, but note the absence of the resistance r,, The effect of r,
is 1o make the analysis a great deal more complicated, and considering the fact that in maost
situations its effect can be ignored, it will not be included in the present analysis. However,
the effect of r, will be discussed later in this section.

i
— I r
(2 L +OF T O
+ [ +
Z 1 i
—_— — = -
Z Z,
¥ £y § B
Ly | =l
FIG. 5.29 FIG. 5.30
CE emitter-hias configuraticn. Subsifiuring the v, equivalend circwil info the ac equivalent network of Fig. 5.29

FIG. 5.31
Defining the tnput impedance of a
transistor with an unbypassed
emilter resision

Applying Kirchhoft's voltage law to the input side of Fig. 5.30 results in
Vo= L8 + LR

or Vi=Lir. + (B + DR
and the input impedance looking into the network to the right of Ky is

v
2= 7= Br.t (B + DR
(.

The result as displayed in Fig. 3,31 reveals that the input impedance of a transistor with
an unhypassed resistor K¢ is determined by

Z,=pBr.+ (B + 1R (5.13)
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Forr, = 10R,

as nbtained earlier.

Bypassed

~ Kk (5.26)

P K~

If R, of Fig. 5,29 iz bypassed by an emitter capacitor Cg, the complete r, equivalent model
can be substituted., resulting in the same equivalent network as Fig. 5.22. Equations (5.1) to
(3.0) are therefore applicahle.

EXAMPLE 5.3 For the network of Fig. 532, without Cr (unbypassed), determine:

i .
h. Z.
A
d A,
ny
=
2212
- 10 pF
k0 E': i
= e
10 uF _ £y
Vo | — = B=120r, =40k
P c; b
= guf.nm :I'L'E
: Il[j nF
FIG. 5.32
Erample 5.3.
Solution:
a, DC:
_ V{-r_' NG V,g: _ 2[}1\! - ﬂ?v L E
s = R (B~ IR, 470K + (121)056E0 o 22mA
fe= (8 + |} = (121)[3589 pA) = 434 mA
26 mY 26mV
d = = =50
T
b, Testing the condition r, = L0(R- + RE}. we obiain
40k = 10{2.2k0D + 0.56 k1)
0K = 10276k = 276 k0 (satizfied)
Therefore,
£y = Blr, + Bg) = 1200599 [t + 560 11)
= 6792 k(]
and Z; = Relldy = 470 k12]67.92 k02
= 503 k0
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264 BT AC ANALYSIS

¢ Z,= Ro= 22k}
d. r, = 10R, is satisfied. Therefore.

(]

V

4o e BT (120)22X0)
L Z £7.92 k00
= —31.89
compared 1o —3.93 using Eq. (5201 A, = —R/Re
= ———— = ——
Mathcad

The lengthy equations resulting from the analysis of the CE emitter-bias configuration
demonstrate the value of becoming proficient ir: the use of the Mathead software package.

Priorities do not permit a detailed description of each step of the process, but a few gen-
eral comments can be made. First, all the parameters of the network that will appear in the
equations must be defined as shown in Fig. 5.33. Next, the equations for each of the desired
quantitics are entered, being very carzful to include parentheses in the proper places W en-
sure that the resulting equation is corrcet. Actually, more parentheses appear than neces-
sary, but an effort was made to make the equations lock as much like those in the text as
possible. After each equation is defined, its value can be determined by simply entering the
variable name again and pressing the equal sign, This is shown to the right of each equation

j“ﬁﬂiﬁd*MbwcFe‘MIndstm@ T
D-#E SRT =@ o T MmD= B20 w |
{Mormal w0 (e fxleru EES EiE 4|
=l
VO = 200 VRBE :=0.7% B -= 120 &

R = 470k R = 2.2k} RE = [L56ki2 o = A0-k2

I EML IR = 3580 % [FFA

" RRE r(Bf+ | -RE
IE = |Bf + | FIR IE = 4343 % 147a
b= 2&-%:1 pe=398TG  Ex. 5.6 re=5.88chms
(BI+1]= %]
Th = Blre - w— Y
™m
#i=RE i— Zi=sedix 100 Ex, 5.5 Zi=59.34kilohms
{RE + LB)

Fcvast [Bfiro + ra]]
[1 | 4_nf-re:.]

RE
20 RC- 1) Fo-1108x °n  Ex. 5.6 Zo=22kilohms
(R + )
{(m-_nf'}_[]_z].g]
A el B fy=-3595  Ex. 5.6 Av=-3.89
RC
I+ =
(% _
vl
£1u k)
[ . BLTD Page | .
FIG. 533

Network parameters and squarions for Example 5.3,
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at a level just below the defining equaticn. For the base current, for example, once IB is CE EMITTER-BIAS 265
emered and the equal sign pressed, the base current of 35,89 wA will appear. Note as you CONFIGURATION
progress down the page that as a variable is determined. it can be used in the equations to
follow. In Fact, it is a necessary sequence if the continuing line of equations is to have the
specific numbers to deal with.
For each of the quantities calculated, a text message is added to permit a comparisen with
the results of Example 5.3. There is axcellent correspondence between results when one
considers that a number of approximations were vsed in Example 5.3. The largest differ-
ence occurs for the input impedance, which has a lengthy equation for Zb. Thal difference
is reflected in the current gain, which has & yreater difference than that obtained for the out-
put impedance and voliage gain.
The real beauty of having entered all these equations properly is that the file can be
saved and recalled at amy time. As the parameters appearing on the first two lines are
changed. all the guantities on the following lines will be recalculated—there is no need to
recnler any of the equations, and this sequence even dees the de analysis before determin-
ing rhe ac response.

EXAMPLE 5.4 Repeat the analysis of Example 5.3 with O in place.
Solution:
a. The dc analysis is the same, and r. = 599 {1,
b. Rpis “shorted out™ by Cg for ihe ac analysis. Therefore,
Z, = RilZ, = Ry|Br. = 47002 (120){509 01
= 470k67188 0 = 717,700

c. Z,=Re=22k0
i3

d A =-—=
J'.‘
2.2k0

= “ioen - —367.28 {a significant increase )

EXAMPLE 5.5 For the network of Fig. 5.34 (with C¢ unconnected), determine (using
appropriate approximations):

-]
5

Fan

A
Z;
A,

oo oo

I')' e -

Wil B =210, r, =50 kD2
g s -
—_— =] LEl
z, 10 k62

068 k6 —

w—

1}
% 4
I

|||—|

FIG. 5.34
Example 5.5,
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266 EIT AC AMALYSS Solution:
a Testing AR: > 10K,
(210)(0.68k1) > 10{10k(1)
142.8 kQ > 100 k(] (sarisfied)

we have

R 10k0
e e S SR e W
Vo= R R VT o0k + 10k )=16

V= Vg— Vgz = L6V — 0TV =09V
Ve _ 08V

[.=-£= - = 1324mA
FT R, D6RKD '
26 mV 26 mV
o - =19.64 0
. S 1324 mA

b. The ac equivalent circuit is provided in Fig. 5.35. The resulting configuration is differ-
ent from Fig. 5.30 only by the Facl that now

Ry = R' = Ry|Ry = 9k0)

= |/ 1"- T

D= T -

+ z
e
s 22RO

3 10 KLY & S0 kLY

.68 k2
B 4 >
L,',_.J
P
FIG. 5.35

The ac equivalent circuit of Fig, 5.24,

The testing conditions of r, = 10{Rc + Rg) and r, = 10K are both satisfied. Using
the appropriate approximations yislds
Z, = BR. = 1428k}

Z = R,lZ, = 9k0Qf1428k0
= 84Tk()
c. Z,= R-= 22Kk
R- 2.2k8
d A, =——=- = =
A Re 0.68 ki

EXAMPLE 5.6 Repeal Example 5.5 with Cr in place.

Solution:

a. The dc znalysis is the same, and r, = 19.64 1.
b. Z, = Br, = (210)(19.64 () = 4.12k{]

Z, = RglZ, = 9k0[4.12k0

= B3 kM1
c. & =R-=22kl}
E 22kt N '
d. 4, = —T£ e —112.02 (2 significant increase |
-_— = — == = ==

Another variation of an emitter-bias configuration is shown in Fig. 5.36. For the dc
analvsis, the emitter resistance is By + Ry, whereas for the ac analysis, the resistor R in
the couations above is simply Re with R, bypassed hy Ce.
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370 BIT AC ANALYSIS But Z, = B(r. + &)

BRe
50 that =
¢ B(r, + Ry)
R
and A, = T (5.41)
ra2 [0R:

EXAMPLE 5.7 For the emitter-follower network of Fig. 5.40, determine:

B OF
b. Z,
¢ i
d. A,
e. Repeat parts (b) through (d) with », = 25k} and compare results
12y
220k
10 uF
I"I.'°_] B=100r,==0
i 10 uF
.

oy
w
FIG. 5.40
Soll ; Exeimple 5.7.
= Ve — Vee

a iy = - fE

Ry + (B + 1)Re

12V — TV
= 2042 nA

T 220k + (101)33K0
Ip=(B+ 1)s
(1013(20.42 wA) = 2.062mA
26mV 26mV
I,  2.062mA
b Z, = Br,+ (B + LR
(1003(12.61 ) + (101)(3.3k0)
1261k} + 333.3k0)
= 334.56 k) = BR;

= 12.61 1}

]

Z, = Ry|Z, = 220k0)|334.56 k(2
= 132.72k0
¢. Z,=Rr. = 336001261 0
= 12560 = r,
g g e B 33k0
"V, Re+r, 33k +12610
= 0.996 = 1
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. Chacking the condition », = 10Rg, we have COMMON-BASE 2T
25K0 = 10(3.3k0) = 33k0 CONFIGURATION

which is not satisfied. Therefure,

(B + 1)R: (100 + 1)3.3k0
= Bt = = SO — e —
Sy T 5K0
= 1.261 k() = 204 43k0
= 295.7k0)

with  Z, = Ry|2Z, = 220k0[295.7 ki)

126.15k4) vs. 132,72 k()  obiained earlier

Z,= Rylr. = 12560 asobtained earlier

(B = DRyZ, {100 + 1)(3.3k0)/2957 k)

4 {] % &J - [] 2 3.31;;1]
" re 25 k1
= 099 = 1
matching the carlier result.
e — = —

In general, therefore, even though the condition r, = 10 is not satisfied. the results for
Z, and A, are the same, wilh Z, unly slightly less. The resules sugges: that for most appli-
cations a good approximation for the actual results can be obiained by simply ignoring the
etfects of r, for this confizguration.

Ihe network of Fig. 5.41 is a variation of the network of Fig. 5.37, which employs a
voltage-divider input section o ser the bias conditions. Equations (5.27) o (3.30) are
changed only by replacing By by R = R |R..

The network of Fig. 542 also provides the inputfoutput characteristics of an emitter
tollower, but includes a collector resistor Re, In this case Ry 1s again replaced by the parallel
combination of B, and &, The input impedance 2, and output impedance 2, are unaffected
by R, because it is not reflected into the buse or emiter equivalent networks. In fact, the only
effect of R is o determine the G-point of operation,

Yee

FIG. 5.91 FIG. 5.42
Emirter-follower configuration witk a Emirter-follower confipuration with o
volrage-divider hiasing arrangement. collectar resistor K-

59 COMMON-BASE CONFIGURATION

The common-hase configuration is characterized as having a relatively low input and a high
output impedance and a current gain less than 1. The voltage gain, however, can be quite
large. The standard configuration appears in Fig. 5,43, with the common-base r, equivalent
model substituted in Fig, 544, The transistor output impedance r, is not included For the
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FIG. 5.43
Canmnton-base confignrario.

FIG. 5.45

Subsrituring the r, equivalent circudt fare ife ac equivalent netwark

af Fig. 5.4

112

common-base configuration because it is typically in the megohm range and can be ignored

in parallel with the resistor R,

Z;
Z, = Rer. (5.42)
i,
A,
IRz = =~ )R = al R
s " v,
with T
+ 3 VI_
so that v, - n[: — IR,
\, rll'
V., oFf R -
and A,=-Lt=—t=C (5.44)
lI"III' T r
A;  Assuming that R === r, viclds
I.=1
and i, = —al, — —af
L,
with Aj==2 = —g = —] [5.45)
i 1

Phase Relationship The fact that A, is & positive number shows that V, and V, are in phase

for the common-base configuration.

Effect of r, For the common-base configuration, r, = 1/h,, is typically in the megohm

range and sufficiently larger than the parallel resistance
riRe = R

Ry to parmit the approximation

EXAMPLE 5.8 Tor the nerwork of Fig. 5.45, determine:

-
'}

& e 10 pF el 10 uF
b2 o —i
e, F +Ti'- +
d A : =098 -. kit _
e A L —""i,l ro=1 M0 -‘7 L
= 3 — s T !
= = i 1+ = 7
FIG. 5.45
Example 5.6,
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Solution: COLLECTOR FEEDBACE 273

Ve = Ve _2V-01V _13V s CONFIGURATION
HN = Qe e = ;
& Re 1x0 1k0
26 mV 26mV
= = = ﬂ
. R e T
b. 7 = Relr, = 1 k0200
= 196140 =/,
c. Z,=R. =5k
Re 5k
d. A, =—F="—"=25)
r. 206}

e. A= —DIR = -

5.10 COLLECTOR FEEDBACK CONFIGURATION

The collector feedback nerwork of Fig. 5,460 employs a feedback path from collector o base
to increase the stability of the system as discussed in Section 4.6. However, the simple ma-
neuver of connecting a resistor from base to collector rather than buse to de supply has a
significant effect on the level of difficulty encountered when znalyzing the network.

Some of the steps to be performed below are the result of experience working with such
configurations. It 15 not expected that 2 new student of the subject would choose the se-
quence of steps described below without taking a wrong step or two. Substituting the equiv-
alent circuil and redrawing the network results in the configuration of Fig, 547, The effects
of a transistor output resistance r, will be discussed later in the section.

+
-
Re E:I v
ik e
FIG. 5.36 FIG. 5.47
Collector feedback configuration Substituring the r, equivalent circilt into the ac

equivalent network of Fig. 5.46.

I
i Vo=V
Ry
with V, = —LR;
and L=pnL+T
Because Bf, iz normally much larger than /',
l.= Bl
and V. = —(BL)R: = —BlRc
‘F
bt .Irp_\ =
B,
W R
and V.= ( R = ——V,
g xﬂf}) . By
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284 BJT AC AMALYSIS

EXAMPLE5.11 Using the parameter values for the fixed-bias configuration of Example 5.1
with an applied load of 4.7 k{} and a source resistance of 0.3 k{1, determine the following
and compare 10 the no-load values:

a. A,
b A,
R
d Z,

wtion:
ME . ST IIE vy
e R

which is significantly less than the no-load gain of —280L11.
b. Eq. {573k 4, = z'—z‘;
. Eg. (3.73) "_Z,+R,

With Z, = 1.07 k{} from Example 5.1, we have

1.07 k41
A — = b L E = =133.54
%= To7kn + oaxat L 0oe)

which again is significantly less than A, or A

c. Z = 107k as obtained for the ne-load situation.

d Z, = By = 3K as obtained for the no-load situation.
The example clearly demonstrates that A, > A, = A,.

For the voltage-divider configuration of Fig. 5.58 with an applied load and series source
resistor the ac equivalent network is as shown in Fig. 5.39.

FIG. 5.58
Voltage-divider bias configuration with R, and R;.

ST TR 1t
v, 0y o '-',§R, Ry Br, { Bl 2, Re LT
| s - E 1

B

FIG, 5.59
Subsituring the r, squivalent cirewit into the ac equivalent network of Fig. 5.538.
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296 BIT AC ANALYSIS Z _ (10kD)(101.20)

- i' ; . —] 1 =
Eqg. (3.85): A, T 10k + 1 kD
=192
FA £ 10kQ
¢ BRI Kk N )
c. Bq.(504r A, = —A' = -(10120)| g5 )
= —123.41
z. %0

d. Eq(585): V, = V. V, = 0.025 V,

Z_+R 260 + 1k

v v

and F = 0.025 with ? = 147.97 from above
d A L L= (D025)(147.97) = 3.7

s T AT i e A

In total. therefore, the gain is about 235 times greater with the emitter-follower configuration
to draw the signal to the amplifier stages. Note, however, that it is alse important thas the
onrput impedance of the first stage is relatively close to the input impedance of the second
stage, otherwise the signal would have been “lost™ again by the voltage-divider action.

RC-Coupled BIT Amplifiers

One popular connection of amplifier stages is the RC-coupled variety shown in Fig. 3.71 in
the next example. The name is derived from the capacitive coupling capacitar C, and the
foct that the load on the first stage is an RC combination. The coupling capacitor isolates
the two stages from a do viewpoint but acts as a short-circuit equivalent for the e response.
The inpul impedance of the second stage acts as a load on the first stage, permitting the
same approach io the analysis as described in the last two sections.

EXAMPLE 5.5

a. Calculate the no-load voltage gain and output voltage of the RC-coupled transistor am-
plifiers of Fig. 5.71.

b. Calculate the overall gain and owtput voltage if 2 4.7 k{1 load is applied to the sscond
stage, and compare to the results of part (a).

¢. Caleulate the input impedance of the first stage and the output impedance of the second
stage.

FIG. 5.71
R -coupled BIT amplifier for Example 5.15.

Solution:
a. The dc bias analysis results in the following for each mansistor:
Vi =47V, Ve=40V, V=11V, L=40mA
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At the bias point, CASCADED SYSTEMS 297
_26mV _ 26mV _

NETR i e
The loading of the second stage is
&, = R\|RS||gr,

which results in the following gain for the first stage:
_ _ Rel(RilRsBr.)

) =
(2.2%00)[ 15 k047 k1])(200)(6.50))]
N 6.50
6652 0 i
5 6.5 ﬂ- = —[02.3
For the unloaded second stage the gain is
Re 22k
= T 338.46
resulting in &n overall gain of
A = AA, = (—1023)(—338.46) = 346 X 10°
The output voltage is then
Vo= A4, V= (346 X 10°){25uV) = B65SmV

b. The overall gain with the 10-k{] load applied is
R & ; 4.7 k)

A 2 ; £3 =—|'34I e 'I.=_ w 3
TV TR 2, T 37 k0 + 2250 o8 X107 =236 %10

which is considerably less than the unloaded gain because Ry is relatively close to £,
V=AW
= (23.6 % 107)(25 uV)
= 590 mV
c. The input impedance of the first stage is
Z, = R |Ry|Br, = 4.7 k02|15 k02 (2001(6.5 1) = 953.6 02
whereas the output impedance for the second stage is
Z, = R.= 22k}

Cascode Connection

The cascode configuration has one of two configurations. In each case the collector of the
leading transistor is connacted 1o the emitter of the following transistor. One possible
arrungement appears in Fig. 3.72; the szcond is shown in Fig, 5.73 in the following example.

&

W .

FIG. 5.72
Cascode configuration.
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£ AMALYSIS

[ e G e o DU fmine Tyl b (o fgont

[Dsasn s BaseazEsEao@C- -
R o

15
=
! R T A e
: LR e
- i =
T 1\
[
-
.
-
LR
] Ll =
: . 3
| | o
R s = i — -
_ Evaan| Tl

s . 1 i i S T = HTr

FIG. 5.138
Network of Example. 5.9 redrawn using Mulnisim.
PROBLEMS &

#Nore: Asterisks indicate more difficult problems.

5.2 Amplification in the AC Domain
1. a. What is the expected amplification of a BIT mansistor amplifier if the de supply is set to
zero volts?
b, What will happen to the output ac signal if the dc level is insufficient? Sketch the effect
on the waveform,
¢ What it the conversion sfficiency of an amplifier in which the effective value of the current
through a 2.2-k{1 Toad is 5 mA and the drain on the 18-V de supply is 3.8 mAT
2. Can you think of an analogy that would explain the Importance of the de level on the resulting
ac gain?
5.3 BIT Transistor Modeling

3, What ic the reactance of a 10-uF capacitor at a frequency of 1 kHz? For networks in which the
resistor levels are fypically in the kilchm range, is it a good assumption 1o use the short-cincuit
cquivalence for the conditions just described? How about at 106 kHz?

4. Given the common-base configuration of Fig. 5145, sketch the ac equivalent using the notation

for the transistor mudel appearing in Fig. 5.7,
5.4 The r, Transistor Model

5. For the common-base configuration of Fig. 5.18, an ac signal of 10 mV is applied, resulting in
an ge emitter current of (LS mA, If e = 0980, determine:
a Z.
b V,ifR, = 12k{L

A, = VIV

Z,with g, = = (1

A = L7,

e oD

+
AN
I_EQ
| ol
"
v
e
+ o

FIG. 5.149
Problem 4
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. For the commeon-base configuration of Fig, 5,18, the de emitter current is 3.2 mA and o is 00,99, PR
Deserming the following if the applied voltage is 48 mV and the load is 2.3 k{1,

T
b. Z.
¢ I
d. V..
e. A,
£ I

7. Using the mode! of Fig. 516, detenmine the follwing for 2 common-emiter amplifier if
B =80, Ilde) = 2mA, and r, = 40k}
a Z.
b 1.
e A =010 =10/ifR =12k
d. A ifE, = 12ki}

¥, The input impedance to a common-ermitter transistor amplifier is 1.2k{ with g = 140,
r, = 50k, and Ry = 1.7 ki), Determine:

a. r.
b fif ¥, = 30mbY.
¢ [

d. A =8L= I i1
e A, =V, V.

55 Common-Emilter Fixed-Bias Configuration

9. For the network of Fig. 5.15(0:
a. Detarmine Z; and £,
b. Find 4.
¢ Repestpart (2) with r, = 20 k),
d. Repeat part (b} with r, = 20k0L

10. For the netwerk of Fig. 5,151, determine Ve for 3 voltage gain of A, = =20{0.

& 1l
e |
h
—
g
FIG. 5.150 FIG. 5.151
Prablem 9, FProblem 0.
#11. Forthe network of Fig, 5,152 10V

4, Caleulate Jg I and #,

b. Determine Z; and Z,

. Caloulate 4,

d. Determine the effectof r, = 30k} on 4.

FIG. 5.152
Problem [,
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5.6 Voltage-Divider Bias

12. For the network of Fig. 5.153:
a, Determine r,.
b. Calculate & and Z,.
¢. Find A,
d. Repeal purts (b) and (c) with r, = 23 k).

FIG. 5.153
Proflen 12,

13, Determine V. for the network of Fig. 5.154if 4, = — 160 and r, = 100k}

14. For the network of Fig. 5.155:
A Determine r.
b. Calculate Vg and Ve
¢. Derermine 7 and 4, = V,/V.

Vo =20V

FIG. 5.154 FIG. 5.155
Prohilem 13 Problem 14,

5.7 CE Emitler-Bias Configuration

15. For the network of Fig. 5.156:
a. Determine r,.
b. Find Z and 2.
c. Calculate A,.
d. Repeat parts (b) and (¢) with r, = 20 k).



http://www.pdffactory.com
http://www.pdffactory.com

FIG. 5.156
Erohlems §5 and I7T,

16. For the network of Fig. 5.157, determine £, and By if A, = —10 and r, = 3.8 £}, Assume
that Z, = BR.
17. Repeat Problem 15 with B bypassed, Compare results.
#18. For the network of Fig. 5. 158;
a. Determine r,.
b. Find Z and A..

FIG. 5.157 FIG. 5.158
Prolrlen 1, Problem 5.

5.8 Emitter-Follower Configuration

19, For the network of Fig, 5.15%;
a. Determine r, and Sr,.
b. Find Z and Z,.
¢ Calculate 4.

18y

FIG. 5.159
Froblem 19,
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AC ANALYSIS =20, For the network of Fig, 5.160;
b f. Determine Z, and £,

. b Find 4,

e, Caleulate ¥, if ¥, = 1 mV,

*21. For the network of Fig. 5.161:
w Caleulate [ and /-
h, Determine r,. Vee= 20V
e Determine 7 and 2
d. Fird A,

= t 3
FIG. 5.160 FIG. 51561
Probless 200 Froblem 21,

58 Common-Base Configuration

22. For the common-base configuration of Fig, 5.162;
a. Determine r.
b. Find Z and Z,.
¢ Caleufate 4.

#33. For the network of Fig. 5.163, determine A,

+i W LAY
AE KO 4.7 ki1
] l L
V=) f—ov.
g w=038 T
5 ro=1MQ
-5V

FIG. 5.162 FIG. 5.163
Proilem 22, Proflem 23,

510 Collector Feedback Configuration

24. For the collector feedback configuration of Fig. 5.164:

. Determine r,.
b. Find £ and Z .
. Calculate A,

#35, Givenr, = 100, 8 = 200, 4, = —160, and A, = 19 for the nerwork of Fig. 5.165, determine
Re Ry, and Vi

#26, For the network of Fig. 5.50:
a, Derive the approximete equation for A,
b, Derive the approximete equations for £ and £,
o Given 8- = 22k0 By = 120k0), B = 1.2kME B = 90, and Vi, = 1OV, calculare the

mugnitudes of A, £, and Z, using the equations of parts (a) and (b}
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FIG. 5.164 FIC. 5.165
Froblem 24, Problem 25,

511 Collector DC Feedback Configuration

27. Tor the network of Tig. 5.166:
a. Determine Z;and Z,_

b Find A,.
IV
I
1.8 kO
26 k{2 27 ki)
10 uF
I; I T
—
v, o—J—
1 pwF
—
f
L 2
FIG. 5.166
Problem 27,

512 Determining the Curvent Gain

- Determine the current gain for the common-emitier configuration of Fig. 5.150.
. Determineg the cumrent gain for the common-emitter configuration of Fig. 3.132.
. Deetermine the cumrent gain for the voltage-divider neswork of Fig, 5153,
« Determine the current gain for the CE emitter-bias nerwork of Fig. 5.156.

=E2RE

32, Determine the current gain for the emitter-follower configuration of Fig. 5.161.

33. Dweterming the current gain for the common-base configuration of Fig. 3.163.

M. Determine the current gain for the collector feedback configuration of Fig. 5.164.
35, Determine the curmrent gain for the collector de feedback configuration of Fig. 5.166.

5.13-515 Effect of R; and R, and Two-Port Systems Approach

*36. For the fixad-bias confipuration of Fig. 5.167;
a. Determine A, , Z, and Z,.
b. Skerch the iwo-port medel of Fig. 5.63 with the parameters determined in par (&) in place.
. Calculate the gain 4, .
d. Determine the current gain A; .
e. Determine A, Aj. Z, and 7, using the r, mode! and compare with the solutions above.
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7. a.

b.

33k8
1.BuF
it oV,
1.&uF h _
Vil e )
-"-- —f— RL 47k2
L] zl.
—_— +
& 3
FIG. 5.167

Problems 36 and 37,

Determine the voltage gain A, for the network of Fig. 5,167 for B, = 4.7, 2.2, and 0.5 ki),
What is the effect of decreasing levels of &, on the voltage gain?
How will Z, Z,, and A, change with decreasing values of 87

*38. For the network of Fig. 5.168:

R
h.
L
d.
€.
8

£
h.

Determine A, , £, and £,

Sketch the two-port modsl of Fig. 5.63 with the paramaters datermined in part (4] in place.
Determine A,

Determine A, .

Determine A, , using the r, model and compare the results to that obtained in part [d),
Changz &, to 1 k{1 and determine A,. How does A, change with the level of 8.7
Changs R, to 1 k{} and determine A, . How does A, change with the level of £,?
Change B, to 1 k{2 anddstmmlmﬁ ; Zy and Z,. I-Inu.r do thay change with change in 87

FIG. 5.168
Problem 38

#39. For the nerwork of Fig. 3.169:

a.
b.
c.
d.
[

f.

&

Determine A, . Z, and Z.

Sketch the rwo -port model of Fig. 5,63 with the parameters determined in part (3) 1np1m:

Determine A, and A,

Calculate A;.-

Change R; ta 5.6 k{] and calculate 4, . What is the effect of increasing levels of By on the
gan?

Chenge B, to 0.5k (with £ at 2.7 ki) and comment on the effect of reducing &, on
A,

Chenge K, ta 5.6k{) and R, to 0.5 k{t and derermine the new levels of 7, and 7. How are
the impedance parameters affectad by changing levels of & and &7
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M4V

Mg I
s |

i I
V, i . ¥

FIG. 5.169
Problem 39

40. For the voltzge-civider configuration of Fig. 5.170:
&, Determine A, £, and 2,
h. Sketch the two-port model of Fig, 5.63 with the parameters determined in part (a) in placs,
¢ Caleulale the gain A,
d. Determine the current gain A,
e. Determine A, A;, and Z, using the r, model and compare solutions.

6%

22k

v, ——J}

G8UF

FiG. 5.170
Prodriem 40,

41. a. Determine the voltage gain Ay, for the nstwork of Fig. 5.170with B, = 4.7, 2.2, and 0.5 k12,
What is the effect of decreasing levels of B, on the voltage gain?
b, How will £, £, and A, change with decreasing levels of R, 7
42, Forthe emitter-stabilized neswork of Fig. 5171
4. Determine A, . Z, and Z,
b. Sketch the two-port medel of Fig, 5.63 with the values determined in pant (a),

18V

FIG. 5.171
Probienm 42.
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AMNALYSIS c. Determine A, and A, .

d. Change B, 10 1 k{l. What isthe effecton A, . £, and Z7

e. Change R, to 1 k{} and determine A., and A . What is the effect of increasing levels of £,
onA, and 4,0

#43. For the network of Fig, 5.172;

a. Determine A, , Z. and Z..

b. Sketch the two-port model of Fig. 5.63 with the values determined in part (a).

c. Dewermine A, and A,

d. Change R, to | k£ and determine A, and A,. Whai is the «ffect of increasing levels of R,
on the voliage gains?

€ Change R, to | ki) and determine A, _, &, and Z. What is the effect of increasing levels of
R, on the parameters?

£ Chenge RB; to 5.6 kL) and determing Ay, and A,.. What is the effect of increasing levels of R,
on the voltage gains? Maintain ¥, at its original Jevel of 0.5 k10

fl -
L -
L
R, ‘_l""i
* ! ﬂ.ﬁm 5..5}1]7 :H.-'a
v E i i 12 k£ —
ﬁb FJ 12k Z, 170

FIG. 5.172
Probieny 43,

*44. For the common-base network of Fig. 5173

Deterriine Z, Z,, and A, .

Sketch the two-port model of Fig. 5.63 with the purarmeters of part (a) in place.

Determine A, and 4, .

. Dretermine A, and A, using the r, model and compare with the results of part [<).

Change £, to 0.5k{} and & to 2.2k{} and calculate A, and A,. What is the effect of
changing levels of R, and 8, on the volage gains?

Determine Z, if R, changed to 0.5 k£ with all other parameters as appearing in Fig. 5,173,
How is Z, affected by changing levels of R,?

g, Determine 7, if f; is reduced to 2.2 k{}. What is the sffect of changing levels of B, on the

fan g

b

input impedance?
6 v
2.2k 4.7 k2
m=l {TII.F I.-,.,
i [ . P
L] | o
e
7, R Qi6kD

FIG. 5.173
FProblem dd,
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516 Cascaded Sysbems

#45, Forthe cascaded system af Tig, 5.174 with two identical stages, determine;
a. The loaded voltage gain of cach stage.
B The total gain of the system. A, and 4,
. The loaded current gain of each stage.
d. The total current pain of te system.
€, How Z, is affected by the second stage end B,
f. How £, is affected by the first stage and ..
2. The phuse relationship between V, and W,

R, 1MF y 1uF "
, [ e
i 7= 1402 z=1k0
" ® z,=1010 Gl < agve
| A =ni20 = =320
% b 4
FiG. 5.174
Problem 435,
&6 For the cascaded svstem of Fig, 5,175, determine:
a. The loaded voltage gain of each stage.
b. The total gain of the system, 4, and A, .
. The loaded corrent gain of cach stage.
d. The total current gain of the system.
2. How £ is affected by the second stage and 8, .
f. How £, is affected by the first stage and R,
# The phase relationship between V, and V.
R, : My pF "
Lk IUI'IF z‘_:mm :E¢='llﬂ:¥ﬂ
L 2 S
‘@ - z=200 =46k
= L I - | oA, =60

.
+ r"’| z':j +
FIG. 5.175
Froblem 46,

47. Forthe BIT cascade amplifier of Fig. 3,176, calculate the de bias voltages and collactor current
for each stage.

48. Calculate the voltage gain of each stage and the overzll 2c voltage gain for the BIT cascade
amplifier ¢ircvit of Fig. 5.176.

49, In the cascode amplifier circuit of Fig, 5.177, calculae the de bias voltages Vg, Vp. and
Ve

*50, For the cascode amplifiee circuit of Fig. 3,177, caleulate the voltage gain A, and outpat volt-
age V.

51. Calcolate the ac velrage across a 10-k{1 load connacted at e outpur of the cirewit in Fig. 5.177.
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FIG. 5.176
Problems 47 and 48,

20V

FIG. 5.177
Problems 49 through 31

517 Darlington Connection
52. Faorthe circuit of Fig. 5.1 78, calculate the de bias voltage Ve, and emitier current Je,
#53, Forthe circeit of Fig. 5.178, calculage the amplifier valiage gain.,
§4. Repeat Problem 33 if a resisior £ = 200 k(Y is added along with a bypass capecitor Cr, The
output is now off the coilector of the transistors,

518 Feedback Pair

55, Farthe feedback pair cireuit afFig.' 5,179, calenlate the de hias values of Vy, V.. and 4.
#56. Calculae the ourput ac voltage for the circuit of Fig. 5.179,

519 The Hybrid Equivalent Model

57, Givenlgide) = |2mA, B = 120, and r, = 40 KLY, skerch the following:
a. Common-cmitter hybrid equivalent modal.
b Common-emitrer r, equivalznt medel.
e, Common-base hybrid equivalent moedel.
d. Common-base r, equivalent model.
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¥,
120my

FIG. 5.178
Problems 52 and 53.

+16 ¥

1008

FIG. 5.179
Probilems 55 and 56.

5%, Given fy, — 24Kk, iy, = 100k, = 4 % 10°%, and A, = 25 u5, sketch the following:
a Common-emitier hybrid equivalent model.
b Common-emitier r, equivalent model.
¢ Common-base hvbrid equivalent model.
d. Common-base », equivalent modal,

59, Redraw thz common-emitter network of Fig 5.3 for the ac response with the épproximate
hybrid equivalent moudel substiued between the appropriate terminals,

60. Redraw the network of Fig, 5.180 for the ac response with the r, model inserted between the
gppropriate terminals. Include r,.

61. Redraw the nerwork of Fig. 5.181 for the a¢ response with the r, model inserted between the
appropnare termanals, Include r,.

6L Given the rypical values of i, = 1k{l, &, = 2 X 107%, and A, = —160 for the input config-
uration of Fig. 5.182:
a, Deermine ¥V, in terms of 1
b. Caleulate [, in terms of ¥
e. Caleulate [ if b, V, is ignored.
d. Determine the percentage difference in f; using the following equation:

Ii{without hi,,] — F{with k)

Iy{without &)
e. Is it a valid approach o ignore the effects of &V, for the typical values employed in this
example?

G difference in f = X 10
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FIG. 5.180 FIG. 5.181
Problem 60, Problem ol

FIG. 5.182
Problems 52 and 64,

. Given the typieal values of R, = 22%€ and h,, = 2045, is it & good approximation to 1gnore

the affects of 1 /h,, on the total luad impedance? What is the percentage difference in tial load-

ing on the transistor using the following equation?

Ry — Reb(1/h)
R

& difference in total lnad = v 100%

. Repeat Problem 62 using the average valuzs of the parameters of Fig. 5.82 with A, = =180

Repeat Problem 63 for Ry = 3.3 k] and the average value of h,, in Fig. 5.92.

Approximate Hybrid Equivalent Circuit

a. Given 8 = 120, r, = 450, and r, = 40kfD. sketch the approximate hybrid equivalent
circuit,

b, Giveni, = 1 k{bh, =23 107, = 90, and h,, = 2043, sketch the r, model,

For the network of Problem 9:

g, Determine r.

b. Tind kg, and h;.

¢. Find Z and 2, using the hybrid parameters.

d. Calculare A, and A, using the hybrid parameters.

¢, Determine Z,and Z,if k., = 50 8.

£ Determine A, and A, if i, = 50 uS.

g Compare the solutions above with those of Problem 9. (Mote: The solutions are availeble in
Appendix E if Problem 9 was not performed. )

. For the network of Fig. 5.183.

a. Determine Z: and £,
h. Calculate A, and A,
¢. Determine r, and compare Br, 10 f1,,
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FIG. 5.183
Froblem 68,

“69. For the commen-base network of Tig. 5.184:
a. Determine £ and £,
b. Calcenlate A, and A,.
¢ Determine o, 2, r.. and r..

- | =y IL "
+ i, I
10 uF s qapF *
1.2k 2.7 ki
% = + = R L
Z — N TN &
T— +
L= . o+
-
FIG. 5.183
Problen 69,

5.21 Complete Hybrid Equivalent Model

*7il Repeal parts (o) and (b} of Problem 68 with b, = 2 % 107 and compare reselts.
#*T1. For the nctwork of Fig, 2,183, determine:
a Z.
b. A,
e A: =1/
d. Z,.
“72, For the common-base amplifier of Fig. 5.186, determine:
B L
b. A.
c A,
d. 7.

532 Hybrid = Model

T3 a Sketch the Giacoleno (hyvbrid ) model for a common-emitter mansistor i r, = 400,
Co=5pFC,=15pF. &, = 183u8, 8 = 120, and ¢, = 14
b. If the applied load is 1.2%{} and the source resistance is 250 {1, draw the spproximate
bybrid m model for the low- and mid-frequency range.
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ANALYSIS W

FIG. 5.185
FPrrblem 71,

,_+|[|

FiG. 5.186
Problem 72,

5.1% Variations of Transistor Parameters

For Problems 74 through 80, use Figs. 5.124 through 5.126.
74. g, Using Fig. 5.124, determine the magnitude cf the percentage change in i, for an J change
from 0.2 mA to | mA using the equation
he(02mA) = k(1 mA
02 mA) — byl H ]
h(0.2ma) I
b. Repeat part {a) for an /- change from 1 mA to 5 mA,
75. Repeat Problem 74 for h,. (same changes in I},
76. a. If h, = 205 at J- = LmA on Fig. 5124, what is the approximate value of i, 2t
- = 0L2mAT
b. Dictermine its resistive valuz at 0.2 mA and compare to a resistive load of 6.8 k{0, Is it & good
appraximation to ignore the effects of 1/, in this case?
77. & If h, = 20uS at I = 1mA of Fig. 5124, what is the approximate: value of h.. at
I, = 10mA®
b. Dretermine its resistive values at 10 mA and compare 1o a resistive load of 5.8 k0. Is ita good
approximarion to ignore the effects of 17k, in this case?
78 a Ifh,=2%10"%at/; = | mA on Fig. 5.124, defermine the approximate value of h,, at
01 mA,
b. For the velue of f,, determined in part (o), can #,, be ignored a5 a good approximation if
A, = 2107

% change =
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524
*41.

5.27
H1.

83,
54.

83,
86,
8T,

RA
B9,
90,

91,

FIG. 5.187
Froblem 81,

a. Dased on areview of the characteristics of Fig. 5.124, which parameter changed the least Tor
the full range of collector current?

h. Which parameter changed the maost?

€. ‘What arc the maximum and-minimum values of 1/4,.7 Is the approximation 14, J|R, = &,
more apprapriate at high or low levels of collector current?

d. Inwhich regicn ol curment spectrum is the approzimation A, V., = 0 the most appropriate?

2. Based on a review of the characteristics of Fig. 5.126, which parameter changed the most
with increase in temperature?

b, Which changed the lzast?

€. What are the maximum and minimum values of k.7 Is the change in magnitude significant?
Was it expected*

d. How dees r, vary with increase in temperztore? Simply calculare s level at three or four
puints and commpare their magnitudes.

e, In which temperature range do the parameters change the least?

Troubleshooting

Given the rerwork of Fig, 5.187:

4. Is the nerwork properly bigsed?

b. What problem in the network construction could cause V, to be 6.22 Y and obtain the given
waveform of Fig. 5.1877

Computer Analysis
Using PSpice Windows, determine the voltage gain for the petwork of Fig. 5.25. Usz Probe to
display the input and cuiput waveforms,

Using PSpice Windows, determine the voltage gain tor the network of Fig. 5.32. Use Probe o
display the input and culpul waveforms.

Using PSpice Windows, datermine the voltage gain for the network of Fig, 5.45. Use Probe to
display the input and ouiput waveforms.

Using Multisim, determine the voltage gain for the network of Fig: 5.28.
Uszing Muttizim, determmine the vollage gain for the network of Fig. 5.40.

Using PSpice Windows, determine the level of ¥, for V, = | mV for the network of Fig. 5.71.
For the capacitive elements assume a frequency of 1 kHz,

. Repeat Problem BY for the network of Fig. 5.72,

Repeat Problem B7 for the neowork of Fig. 5.79.
Eapeat Problem 87 using Multizim,
Repeat Problem B7 using Multizim,

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

@

Field-Effect Transistors (FET):

. The FET is a three terminal device used for a variety of applications, similar to the
BIT transistor. The BJT and FET transistors have many similarities and differences
but the primary difference between them is that the BIT is a current-controlled
device, whereas the FET transistor is a voltage controlled device as shown
below:

>

FET
e
Conlio) Nalrasc OVos) k

1

e Forthe BJT (pnp and npn).
e Forthe FET transistor there are:
1. n-channel FET.
2. p-channel FET.
e The FET transistor has very high input impedance, much higher than the
input impedance of the BJT transistor.
e The ac voltage gain for BIT amplifiers are greater than for FETs.
e FETs are more temperature stable than BJTs and FETs are usually smaller
than BJTs, making the FET transistor useful in integrated circuits (IC) chips.
In the following FET transistor study two types of FETs are introduced:
1. The Junction Field Effect transistor (JFET)
2. The Metal Oxide Semiconductor Field effect transistor (MOSFET) which also
has two types:
¢ The depletion type MOSFET,
¢ Enhancement type MOSFET.
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Construction and Characteristics of JFETs
The basic construction of the n-channel JFET is shown below:

o Drain (2}

Oftsrmic r-channel

Cofnlacts i
|
\

Gate I(r)
it el

Diepletion Depletion
region region

Lﬂmn:cl..‘h =

In the IFET there are two p-n junctions, so in the absence of any applied
potentials the JFET has two p-n junctions under no-bias conditions. The result is a
depletion region at each junction as is shown in the figure above.

If Vgs = OV, Vps = some positive value

7
(7] +

Dieplerion
reghar

% If Vgs = OV the depletion regions of the p-n junctions will be the same as the

no bias condition.
*+ The instant Vpp (=Vps) is applied then electrons are drawn to the drain and a

current Ip will flow in the direction shown in the figure above.
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“ Now as Ip flows, the depletion region will be wider near the top of both p-
type materials. The reason for the change in width of the depletion region
is shown below:

% The reason is that the upper region will be more reverse biased than the
lower regions, therefore it will be wider.

*+ Also due to the reverse bias of both p-n junctions the current through the
gate is zero (I = 0 A).

%+ As the voltage Vps is increased the current I, will increase as determined by
ohm’s law and the plot of I versus Vps is shown below:

Saturation levsl
=0V

i}
[ri1
Va5

Incressing resistance dus

to narmowing chanmel

n-channel resistance

Vs

%+ If Vg5 is increased further the two depletion regions will widen to a level
where it appears that they would “touch” as shown in the following figure:

o -
» Pimch-off
G {—
o jod P Vs =Ve
4 m
Vag =0V
|
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%+ The condition when the two depletion regions will touch is referred to as
pinch-off, at this condition the level of Vps is referred to as the pinch-off
voltage (Vp).

* At the pinch-off voltage (Vs) the current I will maintain a saturation level
lpss and will not drop to zero.

Note: if I, drops to zero at Vp as the name refers to, it would remove the
different voltage levels through the n-channel to establish the varying levels
of reverse bias along the p-n junction. Therefore Iy will maintain a
saturation level = lyss when Vgs =0V and Vps > V,.

T oas

= |
Ahra A L %aafce: Qq.(ffﬂ]l‘ wi i = i'-lllnhr’h;‘ C'.FCM'-L Connethkian gf:,m
) ' Fake-Ys Saurce.

% lpss is the maximum drain current for a JFET and is deﬂnedubv the conditions
Vg = 0V and UDS}IUPI .

If Vgs < OV

%+ The effect of applying negative-bias Vg is to reach the saturation level at a
lower level of Vs as shown in the following figure:
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4y Imag I Locus of pinch-off values @

- —
Ohmic | Saturation Region
Region |
7 ek Yee =0V ——
Tpsst T T 12 r T
7
o [T M EEEEEmEESEEEREmEEE
t— - Proneme
; Vs ==1V
- '_‘Lt_':_ - . . = .
sHH ' -
P08 8
2 Zoamm Voi =2V
! [T k=
1 o k| ! - | - -
;| -
= T _J_lc:s='|ll-1l'='||..
0| i 0 15 20 25 ¥os (V)
Vatfor V. =0

% The resulting saturation level of I, has been reduced and will continue to
decrease as Vg is made more and more negative.

+ Note also in the ¢/c’s curve that the pinch-off voltage continues to drop in a
parabolic manner as V¢s becomes more and more negative.

+* lp=0mA at Vg = -|Vp| and the device is turned off.

“* The level of Vg that results in Ip = OmA is defined by Vgs = Vp, with Vp being
a negative voltage for n-channel JFETs and a positive voltage for p-channel
JFETs.

p-channel JFETs:

|
sp 1T +

B—

e -
I
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JFET Symbol:

P—CL‘\RA“E_\

« By Ty

N-canne

SFE‘ T

Summary:

e The maximum current is defined as lpss and occurs when Vg = 0V and
Vips= | Ve .

® For Vg; less than (more negative than) Vp, the drain current is OA (I = 0A) .

o For all levels of Vg between OV and the pinch-off level, the current I will
range between lpss and OA.

e A similar list can be developed for p-channel JFETs.

Transfer Characteristics:
For the BIT transistor Ic and Iz are related by B :

= C.nﬁ.\.‘fai\. \]qf'.,g“l;;]n{

I"Lntaf’

f{‘\n‘«-ms‘mP
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For the FET transistor lp and Vgs are related by shockley's equation:

== N 2 Conkro | Varesle
FED = —3—?53 { 1| - k:;:. g M an-\ince (E\m%‘isﬂS\'ﬂl F‘
L | Cgﬁg,"rar\\'" 5

y s

VP

The above transfer curve (I versus Vge) can be obtained directly from shockley’s
equation as in the following:
Substituting Vgs = OV gives: 2z
T, T - Jes )
o
= MOug ('& - _""Ti?_') = —Dss

LT‘D = Iﬁh.’:\ ﬂb‘iﬂ-b\)‘k

Substituting Vg = Vp gives: U
To= Toss \ - B
= L0 L s 1"5

| To- - P“‘U&rfﬂ

From shockley's equation an equation for Vg can be obtained:

s = W LNl ]

RELERS
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To plot the transfer curve as simple as possible, four points are sufficient. So the

previous two points of (=0, Vgs=Vs) and (lp=lpss, Vgs=0) are used and two others
can be found as in the following:
|
If Vgg = == Vp -«
. e Y

z
To-= ‘IDhb(\'— \fj&: >2 = IDii(\ - US’;%)

= Toss (1=%) = Toss (F) = 1 Toss

) Toss
Log = - \uw:”f”l

¢ Ifll}- FEB:’

Vs = UP(\"‘ ,, - )

__\;?<\.,‘____¢g,;,f__ 2 F’(l"

- o e 7Y
T ¥ o an
E’Q v \:m Toss/2 l

5 ) = Vpkeas

In summary: e
Vs Ip
0 loss
0.3V, lpss/2
0.5V, lnss/4
Ve OmA

Or the transfer curve can be obtained from the drain ¢/c's as shown in the
following figure:

%. I, (mA) Ly (mA)
i 10w
9 9k
s - 8 =1 Yas =0V
T 7k
s oL f <m—
) Vis=-1%
44
3 %
¥ o3 L',-_I;_._-=-2"p
Vg =3V
§ii3f T
] B o
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[E*TP“C ("“l

Mote:

©

For the p-channel JFETs shockley’s equation can be applied, but Vp and Vgs will be
positive and the transfer curve will be the mirror image of the one obtained for

n-channel JFETs.

-

Operating Region:
11[:, Locus of pinch-off bevels
Jr \1.
lpss == ———
‘Pr-"EVD.'E"lD
L] i ;':DS
1
Vis
Important Relations: o —
| TFET T
]l'\-){_f'.'.'l < ..1'-" il ‘E%
ok o NEAE T =
T = ’Lbah('t oo B (3
Te=73
H_T':'{) =4 T_g
T \J
| A i =& P"‘; E
i
TFET
D
| Ui
Yo =-0A N
(5 - fbﬁs(‘u-? o
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Depletion-Type MOSFET:

The MOSFET (Metal-Oxide-Semiconductor) has very desirable high input

impedance due to the insulating layer Sio; (g = 0).

(Drwraing
o §i0y
i
n |

Note:

Shockley’s equation continues to be applicable for the depletion-type MOSFET in
both the depletion and enhancement regions. It is important to use the proper
sign with Vgs, since negative for the depletion region and positive for the

enhancement region.
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Example 6.3

p-type Depletion Type MOSFET:

bl imA)

Vor = +# W

I.E_ﬁ =42V

I'é_:i =43 ¥

Wog=+4 ¥

Vgg=45¥

=

i&]
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Depletion-Type MOSFET Symbol: |

n-channel p-channel
b, D
G l%wss (o—li .
" 5
o] [
G ]% G |
8i0;
5 - 85 B i r-doped
Enhancement-Type MOSFET: ‘[
&; Mietallic ..-:"'-
— comdacls :
o BB
G
\
y
‘ll.'l
X region

e In the enhancement-type MOSFET the transfer curve is not defined by
shockley’s equation, and the drain current is now cut off until Vg reaches a
specific magnitude called threshold voltage (V7).

¢ In n-channel depletion-type MOSFETSs the current I, is affected by a positive

UGS' 4 Iy (A - Locos of Vg
-
11— o
Ny =+4BW
NSy, =
Vor=+TV \JCTE - \J'T
Vig=+b W
Vos =43V
Vg =4 W
: : Vs =43V
W 15y 2 25N v
1l Vosm Vp=2 V 5
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For Vg > Vr the drain current (Ip) Is related to Vgs by the following equation:

————

mzm,rs J«J'r)j

ID:%

e ———

Er,;.,«.:':.-r.fﬁ‘!r-

351;4 f:-,,,ﬂ. \]

:_._._,_—-—l-wr-l""'-"-

(u.:_rb('m \—u-r) )

The transfer curve can be obtained from the drain c/c’s as-inthefollowing-figure
by setting them side to side to describe the transfer process from one to the
other as shown in the figure below:

Ay (miAd il (mA)

- - Vgs = +B Y

91 u

B i K-

= ’ Ves= 4TV

s 6 g

5 3 Vpr=+6 'V

it 4

1= 3r Vig= 45V

2L 2

| | Vos=H VW

| l"i.-:.": =+1¥% %

o 1 BN Yos

Vgg=Wrm2Y¥

1g =0 for UG:‘, = UT‘

The transfer curve can also be found if k and V; are known by substituting value of
Ves and finding the value of I using the equation:

Th = k(s V1Y
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o

-3
L= 0. S8e AlY?
\JT =2 y\V

- P led e LA OR - S8
I

=
oy
w -

_F-hl

p-channel Enhancement-Type MOSFET:

| PR by imAj
la | Vop=-6W

— 6
Nk Vo ==5V
-
-1 3
i Vogm 4V
2
- Vg=-3V
- — P
6 =5 =4 -3 = =l |ﬂ . ."x 2y Yos
I
[k th) =)
MOSFET Symbols:
n-channe| p-channel
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T ®
FET Biasing

The biasing levels of an FET transistor (lp, Vas) can be found either using direct
mathematical approach or using graphical approach. In FET transistors the
mathematical approach is complicated due to non-linear relationship between Iy
and Vgs therefore the graphical approach will be used.

For all FET transistors the following is applied:
EE/@ = oA |

II‘D: .5

— =

For JEETs and depletion-type MOSFETs, shockley's equation is applied to relate I
and Vas:

Jis Y
Tz Tesg (V- w)

For enhancement-type MOSFETs, the following equation is applicable:

| To= % (e vy |

Fixed-Bias Configuration:

VoD
& Ca
& ] I\
i o—
C\ .5
RS
* I Voo =
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For dc analysis all the coupling capacitors are open circuits. The resulting network

for dc analysis is shown in the figure below:

Since Iz = 0A

R, = ToRe =AY RG = oV

~Rg is replaced by a short-circuit equivalent.

The mathematical approach:

Applying Kirchhoff’s voltage law at the input loop (the gate-source loop) gives:

_..\.if;r(:-; -—\](35 = O

[E:— - N6\

Substituting the value of Vgs into shockley's equation to obtain the value of |g.

Using the graphical approach:

Using the table:
Vs lp
0 Ipss
0.3Ve lpss/2
0.5Ve lpss/4
Ve OmA
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DQ\HCf.
I—b&.g
I‘Jf_ [TV
f_’;.}.- Fbk""l'*"—.—...\* I‘Dﬁq

(E..b"nl e """‘]

\JP Vs
U&sm:—un-c,.
p‘kaﬁ}aj 5‘».-\.:-::"\’-\‘53‘3 2 quetion -E—m.c”unj lae Selubion
Q;r Mae El.ﬂﬁv‘ “sliag
Cﬂﬂ(\flbuﬂ:.liﬁn.ﬂ

From the previous figure the Q-point is found, which is the point where the two
curves intersect.

Vps can be found by applying Kirchhoff's voltage law as follows:

VpDs + Toko -Vod =2

M—iﬁaﬁp\
i U.S-': -‘.‘.‘.:u\.}

UDssVUp-Vs 5, NVp=Vpos+Vs =Vog+ oV

\J(j‘5 — \JE"-—‘\J&.E

o= |

Example 7.1

Ve = V@gs+ Vs = Do+ oV
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Self-Bias Configuration:

The network used for the dc analysis of the self-bias configuration is shown
below:

+MJoO

*d{ai:.’.fsﬁs Sine L= Lg
Ve, = T &

Cr Yae ifp \oop ! -

=Nty = NBs =

Vg y = = Wiy

BCT:. = =T {25\

Using the graphical approach:

First draw the transfer curve.
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S

Ik“r*f-‘&.‘*' oV, Tozof
(‘Utf} = -_En‘ag)

Now draw the equation Vgs = -l Rs on the same graph since they both relate the
same variables Ip, Vgs to obtain the biasing levels.

To draw the equation Vgs = -l Rs which is a straight line, two points are required.
The first two points is chosen for:
1|:| =0 = VGS =0

The second point is chosen for example Ip = Ipss\2

ks o Fes Bas _,;‘*_?.;_Eé.

Then a straight line is drawn passing through these two points and the quiescent
point is obtained at the intersection of the straight line plot and the c/c’s curve as

shown in the figure below: AT
Q—'{—’ﬁr’;{‘ o

4 Virsay

Applying Kirchhoff's voltage law at the output loop:

i

\JQ\S ¢ \}Dsarb'gb-—\lgbz—_o

\J‘D5 = JoD —\J?a-\JRﬁ = Voo - TsRe-Tp kD
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g Ups +Vs = VoD — Uﬁbl

Example 7.2

Example 7.3

Voltage-Divider Biasing

The network used for dcfnalvsis is shown below:
Voo

==

Sincelg=0 -

KR = T Ra

U{_;-:' M—-—*
E-'q*rE-i
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Applying Kirchhoff's voltage law to the input (Gate-source) loop results in:
Ne - s - URs = o

Nis = W - VUes

N = TR =T Rs

— . | |
[\'}‘:-T-(-‘a = e -Tﬁﬁbluﬁhz el 1S &N culuudrian ::-L o S'rfmahl-
. - Line.

To plot the equation Ves = Vg = Ip Rs two points are required:

First point if I = 0mA
'\J(;—s = \J(;r -

f\j Gs = M C’-JID zomA

Second point if Vgs = OV
2 \»]LT..- ID e-“':,

FD:‘EL\ :
s \ge=oV

Now the straight line can be drawn as shown below. The intersection of the
straight line with the transfer curve defines the operating point (lpq, Vesa), as
shown in the figure below:

To

g

_Ners=tV 5 -iﬁ'-'— \-}f:r/'ﬁ.rr_,
U("ﬁ__" I\J(_.‘r- ID@-‘:

e

Ve . *r\f.-:,.
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The following figure shows the effect of Rs on the resulting Q-point. From the
figure it is obvious that increasing values of Rs result in lower quiescent values of
Ip and more negative values of V.

Also

Eﬁ = VoD - o LR_D_; 9«%‘)‘\
E =VoD - Tp Eg\

‘ \J&: ‘_-S.-‘D Q—S \
NoD

H.":E\ S e My e T

Example 7.5

Common-Gate Configuration:

In the following figure two versions of common-gate configurations are shown:
UDD -
o

utl
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The network equation (equation relating Iy and Vg from the network) can be
found from the following figure:

Applying Kirchhoff's voltage law will result in:
—Nprs - Ts€g 4Vsg =0
NGs = \JSS_—IE G-S
F..T--";-,: TD

F\Tiﬂ = \Jss " 0 1255

Applying the condition Iy = OmA will result in:
NGs = Usg - (_c‘}h "?-‘_-.

T\Jirs - USE]TD 4
- = DTN

Applying the condition Vgs = OV will result in:
S = Nge Wl R

. Vss X
\( ®s UUS-..::'U

The resulting load line is shown in the following figure intersecting the transfer
curve for the JFET: T (mpay

Trms

Q?nﬁ*&f“"’ LIDQ
l"__""‘""‘_“\"i'.:} \,:}..SLL UC_:_E. =ot
. i’

P s (W)
5
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Applying Kirchhoff's voltage law across both sources of the output loop of the
following figure will result in:

.\r;JnD
%—UDB_.IBQ@-\JDE;-"E:»‘Q ANVsg=0 s H
5-1\03"’%'\\‘4\?}(\3 ED = XS /

~Non ~NVes =UDe - D (RD+R Y=o j:

Pos ~ om0y Totiot |

ey = UD;}#IDQE_\_

N, T |
\}5; N -‘r ﬁ#__j'q_u

\
\

b
E‘ l

e
Nss

Example 7.6
Special Case: Vggq = 0V:

In the following figure Vg5 = OV by connecting the gate and source terminals to
ground: +Nog

ko

—

This will result in a vertical load line as shown in the following figure:
=}

-@ _?I'.'.h.ﬁ{_,--ﬁ_,p 'IDSLS

KU&EQ: o/ (\l'lc:ﬁc.b \ -'\.1:‘)
f— +
'\J? Ji
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& lpg = Ipss (the intersection of the load line and the transfer curve of the JFET).

Applying Kirchhoff's voltage law at the output:
Voo - ToRo-Yns =

o
\\-}EE = Upp -~ ﬁ;}m

iﬁb:ﬂnﬂ
E"'Jg,-:. oV \

Depletion-Type MOSFETs:

The analysis is the same as for the JFETs, the only difference is that MOSFETs
permit operating points with positive Vgs values and levels of Ip > Ipss.

Example 7.7
Example 7.8
Example 7.9
Example 7.10

Enhancement-Type MOSFETSs:

The transfer ¢/c’s is different for the enhancement type MOSFET. For n-channel
enhancement-type MOSFETs Ip = OmA for Vgs < Vy, .

And if Vgs > Vi, then:
Ip = k (Vas = Vin)?

On specification sheets Vy, is specified in addition to a level of Iy (lpjn) and its
corresponding level of Vgs (Vesien)), therefore two points are already specified. To
complete the transfer curve, the constant k must be determined so:

Tz ¥ (Weg= Vi)
2
To(en)z K(Nosen) - ‘»JW\J
'Tnhﬂ

QJ&S(M\ N "‘”“5
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When k is known other points on the curve can be found to complete the transfer
curve plot. Typically, a point between Vy, and Vgsony and one just greater than

Vesion) @s shown in the figure below:
¢ Tolmhd)

Ty P == == e =
To :"F-(UU':;- Ug;{kllphj)

|
|
Tp, t--—— ———~=A
¥

T J Vos(hn)  Vos, Vesemy ) Vs
ot Virsa

Feedback Biasing Arrangement:

A popular biasing arrangement for enhancement-type MOSFETs is shown in the

figure below: +Vpo
@ o
&
&
Vie—r— |
S

The dc equivalent of the network is shown below:
+\Unp
1z,

Rop
‘:[D
:
} o | Vs
- )!'_‘1 B

U{r.‘.m L

-
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\JD: \.}f.r

BE:;YE -\

For the output circuit:
Jos = Voo - Toko

i e

\;L Vos = Voo — EDRGJ
To plot the equation Vg;s = Vo = In Ry two points are required:

The first point if I = OmA results in:

E@ED =emp

The second point if Vge = OV:
e |

T e
L o AUGs = oV

The plot of the load line and its intersection with the transfer curve is shown
below with the resuliting operating point (Q-point).

Example 7.11
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Voltage-Divider Biasing Arrangement:
T he dc aolq-,ua\e:n\- ':-Q Yoe Yoltage Nogider s Bhews ‘oelwoi

K\}&r: UDD_.EL

L,' Ri+R,

Applying Kirchhoff's voltage law results in:

Ve —Nes —-NRs =0
ees = Vo - UQS
\J{:‘yg — l\Jf:f— 1—0 REJ‘G_ Plll.u-\- J'EV'-».S' E?Hﬂ\.\?]ﬁﬁ :"-"q'-t?}\

iakersech W Ha Yhe 'H-Fs.r"-‘;g-rf
Curve L. alabkain (_"‘:Dc;, }\)G‘SCQB.

For the output section:

Vs 4+Vps + Vo -Vop=o
Uds = VoD =NVRs - VRs

Mﬁb - To(Rs ;@ﬁ‘)\

Example 7,12

Combination Networks:
Example 7.13

Example 7.14
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Design:

Exampie 7.15, Example 7.16, Example 7.17

p-channel FETs:

For p-channel FETs a mirror image of the transfer curve is employed, and the
defined current directions are reversed as shown below:

Voo Al
Ro Toss
L
+
+ o
Yoo — ot g-point
s 0 Ve ;'m

ol

k)

Mpn
Rp i“
L
f Fo
I
R = o
Vs - point
+ =
Var o
Example 7.18
Voo Vosrna |0 Vgr
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Shorthand Method TRANSFER 379
CHARACTERISTICS
Since the transfer curve must be plotted so frequently, it would be quite advantageous to

have a shorthand method for plotting the curve in the quickest, most efficient manner while
maintaining an acceptable degree of accuracy, The format of Eq. (6.3) is such that specific
levels of Vg will result in levels of Jp; that can be memorized to provide the plot points
nezded to sketch the transfer curve. If we specify Ve to be one-hall the pinch-off value V;,
the resulting level of I will be the following, as determined by Shockley’s equation:

| 2
Jr,r; = IﬁSS(J — l;:-.j)

I = V2 1y .
= "mi{ V"F__) = IM(I = Ejl = Ipss(0.5)
= Ings{0.25)
- 1, = 2o (6.9)
4 | Vpe=vea

Now it is important to realize that Eq. (6.9) is not for a particular level of V. Itis a general
equation for any level of V. as long as Vi = Ve/2. The result specifies that the drain current
will elways be one-fourth the saturation level Jpge as long as the gate-to-source voltage is
one-half the pinch-off value. Nate the level of I for Ve = V2 = —4¥/2 = -2V in
g 6.17.

II' we chuose I, = Jpes,2 and substitute into Eq. (6.8), we find that

oo 2
U “l'IIIIDS.'E

= Lf',.( 1- %ﬁ) = Vol = V03) = Vp(0.203)
ﬂ"ll Lpss

Vs

and va = 03V} - _» (6.10)

Additional points can be determined, but the transfer curve can be skerched to a satisfac-
tory level of accuracy simply using the four plot points defined above and reviewed in Table
6.1. In fact, in the analysis of Chapter 7, a maximum of four plat points are used (o sketch the
transfer curves. On most occasions using just the plot point defined by Vi = V,/2 and the
axis intersections at {pg and V will provide a curve scourate enough for most caloulatons.

TABLE 6.1
Vs Versus In Using Shockley's
Egriation
Laae a0 — ———— .-}
Vi I,

0 Ipss
0.3V, Ipee2
0.5V, |

Vp O maA

EXAMPLE 6.1  Skeich the transfer curve defined by Foee = [2mA and Ve = —6 Y.
Solution: Two plot points ure defined by

Tpee = 12mA and Vor =0V
and I =0mA and Vor = ¥p
At Vg = Vp/2 = —6V/2 = -3V the drain current is determined hy I = [pe/d =
I2mA/4 = 3mA. At f; = I5:2 = 12mA/2 = 6 mA ihe gate-to-source voliage is de-

termined by Vg = 03V, = 03(—6V) = — L8 V. All four plot points are well defined
on Fig. 6.18 with the complete transfer curve,
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380 FIELDC-EFFECT
TRANSISTORS

I (mA)

12 Ip=Ipg =12mA
11

FIC. 6.18
Transfer curve for Example 6.1,

For p-channe! devices Shockley's equation (6.3) can still be applied exactly as it appears
In this case. both Ve and Veg will be positive and the curve will be the mirror image of the
rransfer curve obiained with an n-chanrel and the same limiting values.

EXAMPLE 6.2 Sketch the ransfer curve for a p-channel device with fpge = £ mA and
Ve =3V,

Solution: At Vo — Vo2 = 3V/2 = L8V, I, = Ipf/d = dmAfd = 1mA. At 1, =
Inge/2=4mAS2 = 2mA, Vg = 0.3V, = 0.3(3V) = 0.9V, Both plot points appear in
Fig. (.19 along with the points defined by fpep and Vi,

I (mA)

Vas

FIG. 6.19
Transfer curse for the p-channe!
device of Example 6.2,

Mathcad

Using Mathcad, we will now plot Sheckley's equarion using the X-Y plot operator. The-
plot operator can be selected using the Graph = X-Y Plot under the Insert option on the
menu bar,

Once the plot is chosen, Matheed will create a graph with placeholders on each axis as
shown in Fig. 6.20. To plot Shockley's equation, first select the placeholder in the middle
of the horizontal sxis and erter the horizontal variable ¥GS. Then establish a range for YGE
by first typing VGS followed by a colon and the range of values. The range of values is
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388 FIELD-EFFECT 5ild; layer n-channel

TRANSISTORS \ /
o RPN
/@:—-+ Rmnb!mﬂm

| E
BN

Mesal

COniact

-+

Electrans repalled
by negative
poicntial 3l gale
FIG. 6.30
Reduction in free carrlers in @ channel doe 2 2
negarive porential ar the gave rerminal.

magnitude of the negative bizs established by Vgy, a level of recombination belween electrons
and holes will ooour that will reduce the number of free electrons in the n-channel available for
conduction. The more negative the bias, the higher is the rate of recombination. The resulting
levelof drain current is therefore reduced with increasing negative bias for Vi, as shown in Fig,
629 for Vg = — 1V, —2 ¥, and so on, to the pinch-off level of —6 V., The resulting levels of
drain current and the plotting of the transfer curve proceed cxactly as described for the JFET,

For positive values of Vi, the positive gate will draw additional electrons (free carriers)
from the p-type substrate due to the reverse leskage current and establish new cartiers
through the collisions resulting between accelerating particles. As the gate-to-source volt-
age continuies to increase in the positive direction, Fig. 6.29 reveals that the drain current
will increase ar a rapid rate for the reasons listed above. The vertical spacing between the
Vi = 0V and Vo = +1V curves of Fig, 6.29 is a clear indication of how much the cor-
rent has increased for the |-V change in Vi, Due to the rapid rise, the user must be aware
of the maxirum drain current rating since it could be exceeded with a positive gate volt-
age. That is, for the device of Fig. 6.29, the application of a voltage Vge = +4 'V would
result in a drain current of 22.2 mA, which could possibly exceed the maximum rating {cur-
rent or power) for the device. As revealed above, the application of a positive gale-lo-source
voltage has “enhanced” the level of free carriers in the channel compared to that encoun-
tered with Viee = 00V, For this reason the region of positive gate veltages on the drain or
transfer characleristics is often refzrred to as the enhancement region, with the region be-
twaen cuteff and the samration tevel of §:; relerred 10 as the depleiion region.

It is particularly interesting and helpful that Shockley's equation will continue to be ap-
plicable for the depletion-type MOSFET characteristics in both the depletion and enhance-
ment regions. For both regions, it is simply necessary that the proper sign be included with
V.4 in the equation and the sign be carefully monitored in the mathematical operations.

EXAMPLEG.3 Skerch the transfer characteristics for an nchannel depletion-type MOSFET
with [pge = 10mA and Vi = —4V,
Solution:
ALV, =0V, In = Ipgs = 10mA
Vg = Vo= —4V, Ip = 0mA

Vo —4Y¥ I [0 maA
Vos = — = — = -2V, I, = L _,E_.n.].'.. = Z5mA
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o oy DEPLETION-TYFE 389
and at [, = 5 MOSFET

Voe = 0.3V = 03(—4V) = 1.2V
all of which appear in Fig. 6.31.

I
|
I
]

| I |

o 3 & o9 & Vos
V. v Loa,

2

FIG. 6.31

Trunsfer characterisics for an n-chanmel depletiom-tvpe

MOSFET with {pes = 10mA and Vy = =4V

Before plotting the positive region of Vi, Keep in mind that §, increases very rapidly
with increasing positive values of Vize. In other words, be conservative with the choice of
values to be substituted into Shoekley's equation. In this case, we try + 1V as follows:

V{.’ 5]

’ I
In=1 li=
] 055 {k V. )

S AT i s
(10ma)(1 - —) = (10mA) (1 + 025)F = (10 mA) (1.5625)

—4V

[

15.63 mA
which is sufficiently high to firash the plot

p-Channel Depletion-Type MOSFET

The construction of a p-channe] depletion-type MOSFET is exactly the reverse of that
appearing in Fig. 6.27. That is, there is now an a-type substrate and a p-type channel, as
shown in Fig. 6.32a. The terminals remain gs identified, but all the voltase polarities and
the current directions are reversed, as shown in the same figure. The drain characteristics
would appear exectly as in Fig, 6.29, but with Ve having negative values, /n having pos-
itive values as indicated (since the defined direction is now reversed), and Vg having the
oppaosite polarities as shown in Fig. 6.32¢. The reversal in Vo will resulr in a mirtor image
[about the Jp, axis) for the transfer characteristics as shown in Fig. 6.32b. In other words,
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416 FET BIASIMG
EXAMPLE 7.1 Determine the following for the network of Fig. 7.6:

a, 1"r"55u' 16V
b. Ipﬁ.
¢ Vi
d. ¥p ;z ki
=N v{;-
I Ve
9D
G Logs = 10 mA
[ .“'.‘ Vo==BY
v
51 Mg T
=1V
= I
=
FIG. 7.6
Example 7.1.
Solution:
Mathematical Approach

i 1":(;5@ ==V = =2V

a {{ Vm 3 ' _2\:\:
b. f'r"f-‘_fmg.k]_'ir_’ = 10mA I_—S\")

F
= 10mA(1 — 025)% = 10mA(0.75) = 10mA(0.5625)
= 5.625mA
e Vs = Vop — IpRp = 16V — (5.625mA)(2kQ)
= 16V — 1125V = 475V

d Vy=Vp =475V
{8 1"'.-_', = r.5~5= 2V
£, V,=0V

Graphical Approach The resulting Shockley curve and the verical line at Vo = -2V
are provided in Fig. 7.7. It is certainly difficult to read beyond the second place without

dp (mAY

'}

ass = 10 mA

Opoint f-—--t---= I '(1= 3.6 mA

= Voo =-2¥

FiIG. 7.7
Graphical solution for the network of Fig. 7.6,

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

sigmificantly increasing the size of the fizure. but a solution of 5.6 mA from the graph of SELF-BIAS 417
Fig. 7.7 is quire acceptable, CONFIGURATION

a. Therefore,
Vasg = —Vao = =2V

b. I,,g = 5.6mA
. Vpg= Vpp = IpRp = 16V — (5.6 mA){2Kk(})

=16V — 112V = 48V
d Vo= Vps =48V
e Vg="Vg = =2V
£ V=0V

The results clearly confirm the fact that the marhematical and graphical approaches gen-

erate sclutions that are guite close.

7.3  SELF-BIAS CONFIGURATION

The self-bias configuration eliminates the need for two de supplies. The controlling gate-
to-source voltage is now determined by the voltage across a resistor Ry introduced in the
source leg of the configuration as shown in Fig, 7.8,

FIG. 1.5
JFET self-hias configurarion.

For the dc analysis, the capacitors can again be replaced by “open circuits™ and the re-
sistor R replaced by a short-circuit equivalent since I = 0 A, The result is the network of
Fig. 7.9 for the important dc analvsis.

The current through Ry is the source corrent fg, bul fy = [, and

Vieg = Il

Fur the indicated closed loop of Fig. 7.9, we find thar - *r o
_Vﬁ‘.ﬁ'_ 1,;”.&:.:, + 5='0
and Vas = _V.'t_,,
FIG. 7.9
or Vi = —IpRs (7.100 D analvsiz of the self-bias
configuration,

Note in this case that Vg is a function of the ostput current T and not fixed in magnitude
as oocurred for the fixed-bias configuration,

Equation (7.10) is defined by the network configuration, and Shockley’s equation relates
the input and output quantities of the device, Both equations relare the same two variables,
permitting either a mathematical or a graphical solution.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

o
lpss
Ipss
15 I
i 2
-poing |
gpom],
—in
2
N L i
3 II'\..
o ;:..'.5 0 Vs
Toee Re
i i e
W g
FIG. .11

Sketohing the self-hias e,

but In=1I
and Vs = Vpo — In(Rs + Rp)
In addition,
Vs = IpR;
Ve =0V
arl | ¥y = l!-"-u\‘l + ¥ = Vor — ¥in |

(7.11)

(7.12)

(7.13)

(7.14)

EXAMPLE 7.2 Determine the following for the network of Fig, 7.12:

i VC-F.:.-' AN

I.'l. Ilrjg.

FG. 712
Excmple 7.2

Solution:
&. The gate-to-source voltage 1s determined by
Vas = ~IR;
Choosing I, = 4 mA, we obtain
Vs = —(4mA)(1k0) = —4V
The result is the plot of Fig, 7.13 as defined by the network,
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420 FET BIASING

(mA)

IJ.J
-8

7

6

Vs =0V, Ip=0mA
] L 1 ] | =
-3 =7 6 -5 -4 =3 =2 =] |D V(W)

FIG. T.13
Skewching the self-biax line for the nerwork of Fig. 712,

If we happen to choose I, = 8 mA, the resulting value of Vg, would be —8V, as
shown on the same graph. In either case, the same straight line will result, clearly demon-
strating that any appropriate value of I, can be chosen as long as the corresponding value
of V4 as determined by Eq. (7.10) is employed. In addition, keep in mind that the value
of Ve could be chosen and the value of 7 calculated with the same resulting plot.

For Shockley's aguation, if we choose Vg, = Ve/2 = =3V, we find that [ =
Ipss/4 = 8mA/4 = 2mA, and the plot of Fig. 7.14 will resuit, representing the char-
acteristics of the device. The solution is obtaired by superimposing the network char-
acteristics defined by Fig. 7.13 on the device characteristies of Fig. 7.14 and finding the
point of intersection of the two as indicated on Fig. 7.15. The resuliing operating point
results in a quiescent value of gate-to-source voltage of

Vmg = =26V
4 I (mA)
by ImAY
pE (Tpgy) 1
7 7
6 =1
s —s
Device & a4
3 — 3
Fngs (-point K -~ T, =26mi
, 2 (58) {2
: | 1
P A 1 | e i 1 it | i
S T g, T R ¢ T 6 54 32 |0 vtV
(¥ W )
(Vo) {%} Vo = =26V
FIG. 7.14 FIG. T.15

Sketching the device charactensics for the Determining the J-point jor te nemwvork of
JEET of Fig. 7.12. Fig 712

b At the guiescent point
I;,.Q = 26 mA
t. Eq.(7.11y Vi = Voo — IplRs + RD}
=20V = (26mA){1kD + 3.3k0)
=20V = 1LI&V
= 882V
d. Eg.(7.12;  Vi= I R:
= (2.6mAJ(1 kL)
=26V
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e. Bo.(7.13): V; =0V
f. Bg.(7.14% Vo= Vg + Vo =882V + 2.6V = 1142V

or Vo = Vpp — [pRp = 20V — (26 mA)(3.3k0}) = 1142V
Mathcad

Mathead will now be used to find the quiescent conditions for Example 7.2 using a process
deseribed in detail in Section 2.2, The two simultaneous equations that defined the Q-point
for the network of Fig. 7.12 are

o Ve Ve
n = =
Ry | k02
]_.rm_\: ( Vm_ ):
and I =1[ l=—| =8ma| 1l ———
7] .:m( .L,PJ 6V

After calling up Mathcad, we must first provide guesses for the two variables [, and V..
The chosen values are 8 mA and —3 V, respectively. Each is entered by first entering the
variahle followed by Shift:. Next, the word Given must be entered, followed by the two si-
multaneous equations using the equal sign obtained from Cirl = Finally, the variahles to
be determined must be defined by Find (ID, VGS) as shown in Fig. 7.16. The results will
appear once the equal sign is entered.

Mathead returns a valoe of —2.59 'V for VS, which is very close to the calculated level
of —2.6 V. In addition, the current of 2.59 mA is very close o the calculated level of 2.0mA.

EXAMPLE 7.3  Find the quiescent point for the network of Fig, 7.12 if:

a. R = 1000,
b. Rs = 10kQ.

Solution: Note Fig. 7.17.

a. With the Iy, scale,

= 6.4 md
From Eq. (7.102),

=064 V

)
li

b With the Vi, scale,
Vas, = =46V
From Eq. {7.10),
I, = 046 mA

In pamicular, note how lower levels of £ bring the load line of the network closer to the
Iy x5, whereas increasing lavels of K. bring the load line closer to the Vi, axis.

I (oA

Ry = 100 £ 7

Ip=4ma Vog=—04Y Cpoint -;FJ'” = f.4 mA
4 i
T,
R

Tl -5

Rs=10 kit 14

Vg =—2 V. Jp =04 mA T?

/ 1

-poir 1!

—f -5i-4 i W e e
Vogp2 =46 ¥

FIC. 77

Exemple 7.3.
e ———— e
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D= Smh

Cxiven

VEE

|
1
|
[
|
| vos=-sv
i
|

T
)

|
!D-Hmn{:_ b
&Y

4 1 -+
Find(ID, “'“5?“|: 25 10TA
LAREY

£ s

T —

FIG. 1.16
Determining the quieselenn poin
af operation for the network of
Example 7.2,
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428 FET BIASING

Increasing
values of Ke

R‘;I = RS?

0 ¥z

FIG. T.21
Effect af R on the resuiting (2-poind.

shown in Fig. 7.21, It is fairly obviows from Fig. 7.24 that:

Inereasing values of Ky result in lower guiescent values of Iy, and more negative valuwes

ﬁf ¥ I,:; =

Onee the guicscent values of I ” and ¥ 5, B detarmined, the remaining nerwork analy-
sis can he performed in the usual manner. That is,

| Vos = Vou = Ip(Rp + Rs) | (7.19)

V= i';ns __ IRy | {T.le}

= @z
),

Ig, = Iz, Ty (7.22)

EXAMPLE 75 Determinc the following for the network of Fig, 7.22:

d. I,._,I? and 'Ir’G_.;y_ ; o +l6 v
b, Vo
c. W
d. Vos. 240
e Vpg 2.1 Mgz <
| 10 uF
; “ a ¥
; lpeo=BmA
Vie—| = e
; i :
5 uF 1‘" Ve=—d ¥
>
.
£ 270 k62
< § 15KQ == 20pF
-
FiG, 7.22

Example 7.5
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Solution: VOLTACE-DIVIDER 425

a. Forthe transfer characteristics, if [, = f,5/4 = 8 mA/4 = 2mA, then Vo, = Va/2= Ll

—4V/2 = -2V, The resulting curve representing Shockley's equation appears
in Fig. 7.23. The network equation is defined by

RV
Ve = R, + R,

(270 k)16 V)
I MO 4+ 027MO
1.82V
and Vg = Ve — IpR;

L2V — I (1.5k0)

FIG. 7.23
Determining the Q-point for the nenwerk of Fig. 7.22,

When fp = 0 mA.

Vgs = +1.82V
When Vg = OV,
A T
The resulting bias line appears on Fig. 7.23 with quiescent values of
Ip, = 24mA
and osp = — L8V

b. Vo= Vpp — InRp
16V = (24 mA)(2.4%0]
10.24 V
e. Vo =IpRs = (24mA){1.5k0)
— 36V
d Vs = Viop — In(Rp + Ks)
16V = (24mA) {24k = 1.5k0)
6,64V
or Vpg = Vp — Vo= 1024V — 3.6V
= 664V
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426 FET BIASING

FIG. 7.25
Determining the network
equation for the configurarion of
Fig. 7.24.

e. Although seldom requested, the voltage Vi can easily be derermined using
Voo = Vo = Ve
= 1024V — 182V
= R42V

7.5  COMMON-GATE CONFIGURATION &

The next configuration is one in which the gate terminal is grounded and the inpor signal
typically applied to the source terminal and the output signal obtained at the drain terminal
as shown in Fig. 7.24a, The nerwork can also be drawn as shown in Fig. 7,245

EI
; 1l
RS % . Ry
= +
Vo= ;
i

FIG. 7.24
Tiwe versions of the commmon-gate configuration.

The network equation can be determined using Fig. 7.23,
Applying Kirchhoff’s voltage law in the direction shown in Fig. 7.25 will result in

Ves — iy + Yr = 0

and s = Vs = IsRs
but =1
50 Vs = Vg — Ipk;s (7.23)
Applying the condition [ = UmA to Eqg. .23 will result in
Vs = Ve — (00Ry
and Vas = Vst -ona (7.24)
Applying the condition Vgs = 0V to Eq. 7.23 will result in
0 = Vi — IRy
d L= V.E'E
an B (7.25)

The resulting load-line appears in Fig. 7.26 intersecting the transfer curve for the
JFET as shown in the figure.

The resulting interscction defines the operating current [, and veltage Vi, for the
network as ulso indicated in the network.
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CONFIGURATION

'ri;'-'g Vs
(Ip=0mA)

FIG. 7.26
Determining the (-poins for the network of Fig. 7,25,

Applying Kirchhoff’s voltage law across both sources of Fig. 7.24a or Fig. 7.24h
will result in
+VWop — IpRp — Vg = Ll + Vs =10
Substituting f¢ = I we have
+Vep + Vg — Vg — iRy + R =0

so that LVm = Voo + Vs — IpiRp + Ry) | (7.26)
with | Vo = Voo — IpRp | (1.27)
and | Vs = =Vss + LR, | (7.28)

EXAMPLE 7.6 Determire the following for the common-gate configuration of Fig. 7.27:

12V

15k
it o V.
IME ='I2:!Tul
Vp=-BW
if o

FIG. 727
Example 7.6.

Solution: Even though V; is not present in this common-gate configuration the equations
derived above can still be used by simply substimting Voo = 0V into each equation in which

Il appears.
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428 FET BIASING

a. For the transfer characteristics Eq. 7.23 becomes
Vr:a' =0 IoRs
and Ves = —IpRy

For this equation the crigin is one point on the load line while the other must be de-
termined at some arbitrary point. Choosing f, = 6 mA and solving for Ve will resualt

in the following:
Viw = —Ipfts = —(6 mA)(GE0 [1) = —4.08V

as shown in Fig. 728

b A& -4 -3 .2 =1 |0
¥ Vi = ~2:6 ¥

FIG. 7.28
Determining the (-point for the network of Fig. 7.27.

The device rransfer curve is sketched using

Iy = ;”TT = %ﬂ'ﬁ‘ = 3 mAfat Vp/2)
and Vgr = 0.3V, = D3(—6 V) = —1LBV (at [y = Tpee/2)
The resalting solution is:
Vs, = =26V
b. From Fig. 7.28,
Ip, = 38mA

e. Vp=Vyp— Inkp
= [2V = (38mA)}(LSk)} =12V = 5.7V
=63V

d V., =0V

e. V.= IR, = [3.8mA)(680 01)
= 258V
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7.6 SPECIAL CASE:V , =0V DEPLETION-TYPE 429
o TS
c MOSFETs
A nerwork of recnrring practical valve becanse of its relative simplicity is the configuration
of Fig. 7.29. Note that direct connection of the gate and source terminals to ground re-
sulting in Vi;; = 0V, It specifies that for any de condition the gate to source voltage must

be zero volrs. This will result in a vertical load line at Vo, = OV as shown in Fig. 7.30.

; A,
% Van ad

0-point $/oss

Ypg = L Vs = 0V load line
= Vo 0 o
FIG. 7.29 ) FIG. 7.30
Spectal case Vos, = OV Finding tfe (-point for the network of Fip, 7.29.

configuration.

Since the wansfer curve of a JFET will cross the vertical axis at [g, the drain current for
the network 15 set at thar lavel.

Therefore, In, = Insy (7.29)

Applying Kirchhoff's voltage law:
Vop — IRy — Vps = 0

and |Vl"'n$ = Vop — ufy t”?.3ﬂ}
with (7.31)
anl V; =0W (7.32)

1.7 DEPLETION-TYPE MOSFETs

The similarities in appearance between the transfer curves of JFETs and depletion-type
MOSFETs permit a similar analysis of each in the de domain. The primary difference
hetween the two is the fact that depletion-type MOSFETSs permit operating points with pos-
itive values of Vi and levels of I, that exceed [ 55, In fact, forall the configurations discussed
thus far. the analysis is the same if the JFET is replaced by a depletion-type MOSFET.

The only undefined part of the analysis is how 1o plot Shockley's equanon for positive
vitluess of Vigg. How far into the region of positive values of Vg and values of I, greater than
{155 does the ransfer curve have to extend? For most situations, this required range will be
fairly well defined by the MOSFET parameters and the resulting bias line of the network.
A few examples will reveal the effzct of the change in device on the resulting analysis.

EXAMPLE 1.7 For the n-channel depletion-type MOSFET of Fig. 7.31, determine:

w Iy and Vg .
@ 2
b Vi
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430 FET BIASING 1By

18k
§ 110 ME
a ¥,
I fm—ﬁm
V.o H Vp——Sv

FIG. 7.51
Example 7.7,

Solution:

a. Forthe transfer characteristics, a plorpoint is defined oy [, = [peg'd = 6mAJ4 = 1.3 mA
and Vg = Vo/2 = —3V/2 = — 1.3V, Considering the level of V, and the fact that
Shockley's equation defines a curve that rises more rapidly as Vi, becomes more positive,
.a plot point will be defined at V;; = +1 V. Substituting into Shockley’s equation yields

i Ve |2
'rD=‘rﬂS.S(1 T b\]

Vp 4
BRAL " 1 7]
=L’1m.-5|.(1 Pt —) =ﬁrr.r'-‘1[/\l -'-—w = 6mAl1.778)
3N 3/
= 10,67 mA
The rasulting ransfer curve appears in Fig. 7.32. Proceeding as described for JFETS,

we have
o LOME(18V)
Eq. (T13) Vo = ToMa + 1oma
Eq. (7,16} Vo= Vg — IpR; = 15V — 1,(7504))

=15V

I (mA)

In =31 mA
By 3.0 m

1

1

1

1

|
% Ly .| i
T 7 e 1 2 Vs
Ve Vng, = 0BV

Vog, = 0.8

FC. 1.32

Determining the Q-paint for the netwark of Fig. 7.31.
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Setling [, = 0mA resulls in
Vo= V.= 15V

Sering Vi = 0V yields
Vg 135V
TR, 7500

The plot points and resulting bias line appear in Fig. 7.32. The resulting operating point
is given by

I = 2mA

f,;.ﬂ = 31mA
Vﬁ's@ = =08V
b. Eq. (7.19):
Vos = Vpp — dp[Hp + Hg)
=18V — (31mA)[ L8k + 750101

10.1¥
B e T S N Sl S R e e e NN SR
EXAMPLE 78 Repeat Example 7.7 with R, = 150 £},
Solution:
a. The plot points are the same for the transfer curve as shown in Fig. 7.33. For the bizs line,
Vig = Vo — ol = 1L3Y = fn(lil:l ﬂ}
Setting [, = OmA results in

I

Vi =13V¥
Setting Vgz = OV vields
Vi L3V
Iy e e ) i
PR 1500
I (mA)

Vs = 4035V

FIG. 7.33
Exariple 7.8

The bias line 15 included on Fig. 7.33. Note in this case that the quiescent point results
in @ drsin current that exceeds [p... with a positive value for V., The result is
l’]:-a‘ = 7.6 mA
Ves, = 1035V
b. Eg.(7.19):
Vos = Vpp — Ip(Rp + Rs)

18V — (7.6mA) (18K + 150 01)
ERERY
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832 FET BIASING

EXAMPLE 7.9 Determine the following for the network of Fig. 7.34:
i Iﬂq and Ve

o
b Vy
a0V
§h3 [4¥]
—
Inss=8mA
|__-!°—} = = _IE '[-'F= BV
1 MG g 2450
FIG. 7.34
Ervample 7.9
Solution:
8, The self-bias configuration resulls in
Vos = —Infs

as obtained for the JFET configuration, establishing the fact that Vs must be less than
0V, There is therctors no requirement to plot the transfer curve for positive values of
Ve although it was done on this occasion to complete the transfer characteristics. A
plot point for the transfer characteristics for Vg < 0V s

Ip = r‘fT“ = ﬁ--'i'f" = 2mA
and Voe = ‘;P = :V = —4¥
and for Ve = 0V, since V. = —8 V. we will choose
Ves = +2V
V)2 +2V2
and I, = -’pss(l = T’FJl = Em.ﬁ.(1 = _S‘.f)
= 12.5mA

The resulting transfer curve appears in Fig. 7.35. For the network bias Tine, at Vg =
0V, I; = OmA. Choosing Vg = —8 W gives

fy i - O e
E; 24k
The resnlting Q-point is given by
Iop = 17TmA
Vsp = —43Y

b. Vi = Vpp = InFp
=20V — (1.7 mA)(6.2k2)
=946V
The example to follow employs a design that can also be apphied to JFET transistors. At

first impression it appears rather simplistic, but in fact it often causes some confusion when
first analyzed due to the special point of operation.
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§ I mA)

+ 12

-8 =T =6 =5 =4 =3 =2 =i 61 2 Vs
1-"5,59=—1.! v

FIG. 735
Determining the O-point for the nenwork of Fip. 7,34,

EXAMPLE 710 Determine V., for the network of Fig. 7.36.

Solution: The dirsct connection between the gate and source terminals requires that

Ve =0V
Since Vg is fixed at 0V, the drain current rzst be {0 (by definition). In arher wards,
i-’m‘? =0V
and Ip, = 10 mA

There is therefore no need to draw the transter curve. and

V=V — [pBp =20V — (10mA)(1.5k1))
2DV =15V
=5V

78 ENHANCEMENT-TYPE MOSFETs

The transfer characteristics of the enhancement-type MOSFET are quite different from
those encountered for the JFET and depletion-type MOSFETs, resulting in & graphical so-
larien guite different from those of the preceding sections. First and foremost, recall that
for the n-channel enhancement-type MOSFET, the drain current 15 zero for levels of gate-
to-scurce voltage less than the threshold level Vg, as shown in Fig. 7.37. For levels of

Vigy greater than Vg, the drain current is defined by

Ip= k':"’:x = Vcs-:n:]]l

(7.33)

Since specification sheets typically provide the threshold voltage and a level of drain
current (fng,q) and its corresponding level of Vgg o, two points are defined immedi-
ately as shown in Fig. 7.37. To complete the curve, the constant k of Eq. (7.23) must be
determined from the specification sheet data by substituting into Eq. (7.33) and solving

for & as follows:
Ip = K[V — Vg )

= F : 32
Ingony = K(Vasiony = Vst

PDF created with pdfFactory Pro trial version www.pdffactory.com

ENHANCEMENT-TYFE 433
MOSFETs

va

15EQ

Ipss=10mA
V=-a¥

FIG. 7.36
Exampe 700,
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which becomes the following after subsiituling Eq. [7.27): EMHAMCEMENT-TYPE 435
MOSFETs

Vs = Vop — IRy (7.36)

The result 15 an equation that relates the same two variables as Eq. (7.33). permitting the
plot of bath on the same sct of axes.

Since Eq. (7.36) is that of a straight line, the same procedure described earlier can be
employed 1o determine the two points that will define the plot on the graph. Substituting
I, = UmA into Eq. (7.36) gives

Ver= vﬂﬂl.l'n—' Oma (7.37)

Substinuting Vi = 0V into Eq. (7.36). we have

i, = Son (7.38)

Ry be=0v

The plots defined hy Eqs. (7.33) and (7.36) appear in Fig. 7.40 with the resulting operating
poinL.

0 Yosm) Voo Ve
L
FIG. 7.40

Determining the Q-point for the nerwork of Fig. 738

EXAMPLETN  Determine I,JQ and F,:.;Q tor the enhancement-type MOSFET of Fig. 7.41.

gl2V
¥
gzkn
—AAY i o ¥,
10 MG 1uF
H  foea=6mA
¥, il I Voston = 2V
R 1[1:1: Vasemy =3 V
FIC. .91
Example 7,11
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436 FET BIASING Salution:

Plotting the Transfer Curve Two points are defined immediately as shown in Fig, 7.42,
Sclving for k, we obtain

F.l.h:llﬂl
Eq. (734); k=———"
[Vesion) — T*r.'-s_-rn'.:l2
3
_ 6 mA *=6xm' ANV
AV -3V} 23

= ,24 x 10~ AV

Ves= 10V, 1, = 1L76 mA

Viesm Fiisioni

FIG. 7.42
Ploiting the transfer curve jor the MOSFET af Fig. 741,

For Vs = 6V (between 3 and 8 V):
I, =024 x 10046V — 3V)® = 024 % 107%(9)
= 2. 16 mA
as shown on Fig. 7.42. For Vg = 10V (slightly greater than Vigiq,),
I, = 0.24 % 107310V - 3V)® = 0.24 x 107'(49)

= 11.76mA
&5 also appearing on Fig. 7.42. The four points are sufficient to plot the full curve for the
range of interest as shown in Fig, 742,

For the Network Bias Line

V.I'.J'.r = !D-RD

12V — I5l2kid)
Ea. (737} Ver= Veo =12 V] oua
Vop 12V
Eq. [?_33]: I R; = x0 = 61‘]1A|.{E.5=|_.-.r.

The resulting bias line appears in Fig. 7.43,
At the operating point.

‘.l'

[F

.!lno = 275 mA
with ""rAJS@ = Vﬂ:’{? =64V
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In=m4

o,

& B = b

BT A L

(- -]

—

TH

B 5 10 11 12 £
Voot
=64V o

FIG. T.43
Determining the Q-point for the network of Fig. 741

Voltage-Divider Biasing Arrangement

A second popular biasing arrangement for the enhancement-type MOSFET appears in
Fig. 7.44. The fact that I; = 0 mA results in the following equation for Vg, as derdved [rom
an application of the voltage-divider rule:

Rgir"rm
Ve = R +R (7.39)

Applying Kirchhoff™s voltage law around the indicated loop of Fig. 7.43 results in

+Vs — Vg — Vg, = 0
and V_:;g - F{.' = ]r'rg,!l.
or Vow = Vo — I R; (7.40)
For the output section,

Vi, + Vos + Vg, = Vpp =0

and Vos = Vo = Vi, = Vi
or Vs = Vig — Is(Rs + Rp) | (7.41)

Since the characteristics arc a plot of [ versus Vs and Eg. (7.40) refates the same two
variables, the two corves can be plotted on the same graph and a solution determined at their
intersection, Once fp, and Vi, are known, all the remaining quantities of the network such
a5 Vpg, Vi, and Vi can be determined,

EXAMPLE 7.12  Determine [ o Tr’.;gﬂ, and Vo for the network of Fig, 7.45.

Solution:

MNetwork ’ :
RiVon _ (1BMQ)(40V)

R, + Ry, 22M0 + 18M{]
Eq. (7.40): Vg = Vg — InRs = 18V — 1,(0.82k0)

Eq.{7.39): V¥, =

=18V

PDF created with pdfFactory Pro trial version www.pdffactory.com

ENHAMCEMENT-TYPE 437

MOSFETs

G
L
K3 5
( \ &
¥
FlG. T.44

Voalrage-divider biasing
arrangement for an n-chantel
enhancement MOSFET.



http://www.pdffactory.com
http://www.pdffactory.com

438 FET BIASING T-ﬂ}\’
3 kld

2 M0 Ip
§ D J{ i
+  angas

G Ve Lormi=3V
' - .I'D o 3 maA
— : (an} :
+ W Vs om= 10V

FIG. 7.45
Example 7.12.

When /p = 0mA,
Vi = 18V — (0mA)(082k(1) = 183V
as appearing on Fig. 7.46. When Vi = 0V,

Voo = 18V — [(0.82k0})
0= 18W — [,(0.82k0))

Ty L
0.82 k1)

= 21.95mA

as appearing on Fig. 7.45,

b Ipima)

1 o
-9 _ 2155 mA |
g 20

’ ! | )
1 ] 10 15 | 20 25 Vs
Fosom  Varg =133V V=18V
FiG. 746
Deterntining the J-poins for the network of Example 7,12,
Device
pﬁ'.’-’Th'l =5 v, j“'f{ﬁl'll = 3 m.-'5'| 'i'-"inth 1.(6-“:‘]".: = 10V
fn-'«m
T34 k= e 5
= (Vosiom = Yasm)
= ﬂﬁ* = 0.12 X 107 AV
{10V — 5V}
and In = K Ves — Vs )

L]

0.12 % 1073 Vg — 5)°
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which is plotted on the same graph (Fig. 7.46). From Fig. 7.46, COMBINATION 439
NETWORKS
IID[] = 6.7 mA
Vas, = 125V
Eq.(T41): Vg = Vo — IRy + Ry)
=40V — (6.7 mA){(0B2KI + 3.0kL)
=40V — 256V
=144V

7.9 SUMMARY TABLE

MNow that the most popular biasing arrangements for the various FETs have been introduced,
Table 7.1 reviews the basic resulls and demonstrates the similarity in approach for a num-

= ber of configurations. It also reveals that the general analysis of de configuretions for FETs
is not overly complex. Once the transfer characteristics are established, the network self-
bias line can be drawn and the J-point derermined at the intersection of the device ransfer
characteristic and the network bias curve. The remaining analysis is simply an application
of the basic laws of circuil analysis.

110 COMBINATION NETWORKS

Now that the dc analysis of a variety of BJT and FET configurations is established, the op-
portunity to analyze networks with both types of devices presents itself. Fundamentally, the
analysis simply requires that we jirst approach the device that will provide 2 terminal vol-
age or current level. The door is then usually open to calenlating other quantities and con-
centrating on the remaining unknowns, These are usually particularly interesting problems
due to the challenge of finding the opening and then using the results of the past few sec-
tions and Chaprer 4 1o find the important quantities for each device. The equations and re-
lationships usad are simply those we have employed on more than ene occasion—there is
no need to develop any new methods of analysis.

EXAMPLE .13 Determine the levels of ¥y, and V. for the network of Fig, 7.47.

216V

27k

Vo

kum
dogs = 12mA

Fp=—6¥

I M2 — ¥

k0
1.6k

-

FIG. 7.47
Exmmple 713,
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Solutlon; From experience we now realize that Vi, is typically an important quantity 1o COMBINATION 581

determine or write an equation for when analyzing JFET networks. Since Vg is a level for NETWORKS
- which an immediate solution is not obvious, let us twm our attention 1o the transistor

configuration. The voliage-divider configuration is cne where the approximare echnigue

can be applied (AR = 180 x 1.6k} = 288 k0 > 10R, = 240k{(}), permitting a de-

termination of ¥y using the voltage-divider rule on the input circuit.

For VH.
4k0(16V)
BT g2k0 + 24k0

Using the fact that Vg = 0.7 ¥V results in
Vy— Voe = 362V =07V
292V

Ve Ve 232V
and '!'E = R_; = R_; = m
with Ie= [ = 1L.B25 mA
Continuing, we find for this configuration that

lp=[. =1
16V — [p{2.7k0)
16Y = (1825 mA)(27k) = 16V — 493V
11Ty

The guestion of how to determine V- is not as abvions. Both Vip and Vi, are unknown
guantiies, preventng us from establishing a link betwesn V, and V- or from Ve 1o V. A
mere careful examination of Fig, 7.47 reveals that V15 linked to Vg by Vi; (assuming that

‘ag = UVI. Since we know Vj if we can find Vg, V- can be determined from

lr"'c = 1-'3 - VGS
The question then anses as to how to find the level of Vc.sg- from the quizscent value of
Ip. The two are related by Shockley’s equation:

Voo 42
and Vys, could be found mathematically by solving for Vs, and substituting numerical
values.ﬁawwr. lzt us turn to the graphicel approach and simply work in the reverse order
employed in the preceding sections. The JFET transter charactenistics are first sketched as
shown in Fig. 7.48, The level of 1, is then established by a horizontal line as shown in the
same figure. V.. is then detarmined by dropping a line down from the operating point to
the herizontal axis. resulting in

=362V

_‘F
Il

= L.A23mA

and Vi

Il

‘r"'m-a = =3TY¥Y
b I (mA)
iz I.I:".'is
10
-8
—{&
=14
e 152
i =135 mA
= 4_,:.2 =3
=& =5 =4 =3 =2 -l [§]
¥ -
Vos, = =37V
FIG. 748

Devermining the (=poins for the nenvark of Fig, 7.47.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

841 FET BIASING The level of V.- is given by
Vo= Vp = Vgg, = 162V = [=-33V)

=732V
T8V
EXAMPLE 714 Determine Vi for the network of Fig. 7.49.
g 36 ki Solutionm: In this case, there is no obvious path for determining a voltage or current level for
470 ki the transistor configuration. However. turning to the self-biased JFET, we can derive an equa-
tion for V5 and determine the resulting quiescen: pomt using graphical technigues. That is,
Voo = —IpRs = —Ipl2.4 ki})
=8 resulting in the self-bias line appearing in Fig. 7.50, which cstablishes a quiescent point at
Ve, = 26V
I, = 1mA
Ipgs =BmA
Vp=aa¥ Iy (mA)
& '-H."'\.'l
, 7
240 :
3
-
3
FIG. 7.49 =167 mA
Evample 7.i4. 1- -’,-,UE | mA

- | B
-4 =312 -1 |0
Vo

Vug = 26V

FIG. 7.50
Derevmining the Q-poine for the
nerwark of Fig, 7.49,

For the transisior,
I=I.=I,=1mA

and Iy= o LK sin
B g0
Ve = 16V — I(470kQ)
= 16V — (12.5pA)(470k0) = 16V — 58I5V
= 025V
Voo and Ve=V¥p=Ve— Vi
$in = 10125V - 0TV
R = 0425V
|er —— — = —_—— ===
711  DESIGN ®

The design process is not limited solely to de conditions. The area of application, level of
amplification desired, signal strength, and operating conditions are just a few of the condi-
Rs tions that enter inta the total design process. However, we first concentrate on establishing -
the chosen de conditions.
For example, if the levels of V, and {,, are specified for the network of Fig. 7.51, the
level of Vg can be determined from a plot of the transfer curve and R, can then be deter-

FIC. 7.51 mined fmm%’,— = —I,R,. If Vyp, is specified, the level of R, can then be calculated from
Self-bias configuration Rp = (Vg — Vp)/p. OF course, the values of B and R, may not be standard commer-
fo be designed cial values, requiring that the nearest commercial values be employed. However, with the

tolerance (range of values) normally specified for the parameters of a network, the slight
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variation due to the choice of standard valuss will seldom cause a real concern in the design DESIGMN 443
DIoCEss,

The abave is only one possibility for the design phase involving the network of Fig, 7.51.
It is possible that only Vi, and Ry, are specified togzther with the level of V.. The device 10
be employed may have to be specified along with the level of B, It appears logical that the
device chosen should have a maximum V), greater than the specified value by a safe margin,

In general, it is good design practice for lineer amplifiers to choose operating points that
do not crowd the saturation level (Fye) or cutoll { Vi) regions. Levels of Vs close to Vi/2
or levels of [, o DEar {55/ 2 are certainly reasonable starting points in the design. Of course,
im every design procedure the maximum levels of [, and V},, as appearing on the specifica-
tion sheat must not be exceaded.

The examples to follow have a design or synthesis orientation in that specific levels are pro-
videsd ard network paremeters such as Ry, Ry, Vip, and so on, must be determined, In any case,
the approach is in many ways the opposite of that described in previous sactions. In some cases,
it is just a matter of applying Ohm’s law in its appropriate form. In particular, if resistive levels
are requested, the result is often obtained simply by applying Ohm's law in the following form:

¥,
Btmmn= IR
i

(7.42)

where Vy and [, are often parameters that can be found directly from the specified voltage
and current levels.

EXAMPLE 715 For the network of Fig. 7.52, the levels of V. and Ip, are specified.
Determine the required values of By and R, What are the closest standard commercial values?

0V
I;Uq—z.ﬁ ma

L

Va=12%
Ips=bwA
V=3V
-
FIG. 7.52
Example 7.15.
Solation: As defined by Eq. (7.42),
g s e Y Vg
Ing Ing,
200V — 12V BV
e T aamA.  2ama, el

Plotring the transfer curve in Fig. 7.53 and drawing a horizontal line at 4. = 2.5 mA re-
silts in Ves, = —1V, and applying Vig;; = —Ip R establishes the level of Ry

~(Vasy) _ =(=1V)
R.= € = — = 0.4k
. I, 2.5mA

The nearest standard commercial values are
FIG. 7.53

Rp = 3.2k} = 3.3 k0 Determining L‘mu_!hr the -
Ky = 04k0D =039 k) work af Mg, 7.52,
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344 FET BIASING
EXAMPLE 716 For the volage-divider bias configuration of Fig. 7.54. if V3 = 12V and
Vima 2V, determine the value of Ry,

<16V

1.8k

—o ]2V

B

FIG. 1.54
Excirnple 7,16,

Selution: The level of V; is determined as follows:

47 k{16 V)

V,=————=34M4V
47k + 91 k)

o Yoo =V

with i Rp
16V - 12V 5 ik
L N S 0 1|
1.8k0N

The equation for Vi, is then writien and the known values substituted:
Vas = Vg = [pRs
—2V = 5.4V = {222 mA)R;
—~744V = —(2.22mA)R;

744N
and R:= T 335k0

i s ol

The nearest standard commercial value s 3.3 k01

EXAMPLE 7.17 The levels of Vs and Iy, are specified as Vg = _—l?i-’m. and fp = Ipgn for
the network of Fig. 7.55. Determire the levels of Vi, and R,

Sofution: Given I;, = Iy = 4mA and Vg = Vg = 6V, for this configuration,

Von
Vs = Vs = %V'.:L‘
E
B and 6V = %V,rm
17 M2
s0 that Vop =12V
1 ;f’mﬁﬁ___j&;; Applying Eq. (7.42) yields ;
Vosm=3V pow Yo Yoo = Vos Vor:=3¥50 5V
? ‘IU I-".l «m F|:-‘!'|.-;.|'- llrE-fi:ln;
6v
and R, =—=15k0}
- 7 4mA
FIG. 7.55 which is a standard commercial value.
Example 7.17, —— —— —
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ple will demonstrate that with the expericnce gzined through the analysis of n-channel de-
vices, the analysis of p-channel devices is quite straigheforward.

EXAMPLE 718 Determine .f,.,g_. L-'“..-ﬂ, and V; for the p-channel JFET of Fig. 7.38.

FIG. 7.58
Enaraple 7.16.

Solwtiom: We have
- 0EQ(-20V)
T 20k + 68k0
Applying Kirchhoff's voltage law gives

Vo = Ve + IpRy = 0
and Vs = Vo + Ipks
Choosing Iy = OmA yields

G 435V

{Gﬁ' = VG = —4355V
a5 appearing i Fig, 7.59.

FIG. 7.59
Derermiining the Q-point for the JFET configuration
of Fig. 7.58.

Choosing Vi-; = 0 V. we obtain
¥V —455V
R 1.8 kil

I = = 253 mA

as also appearing in Fig. 7.59.
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448 FET BIASING

The resulting quiescent point from Fig. 7.59 is given by
Ip, = 34mA
Vs, = 14V
For Vi, Kirchhoff's voltage law results in
—IpRg + Vpy — IpRy + Vpp = 0

and Vg = —Vop | lplRy + Ry)
=20V | (34mA)(2.Tk2 + 1LY KL
= =20V 153V
=47V
713 UNIVERSAL JFET BIAS CURVE @

Since the de solution of a FET confizuration requires drawing the transfer curve for each
analysis, a umiversal curve was developad that can be used for any level of Iz and V. The
universal curve for an n-channel IFET or depletion-type MOSFET (for negative values of
vm&] is provided in Fig. 7.60. Note that the horizontal axis is not that of Vg; but of a
normalized level defined by V|V, the [V indicating that only the magnitude of V is to
be employed. not its sign. For the vertical axis, the sczle is also anormalized level of [/ fpes.
The result is that when I, = I the ratio is 1, and when Vg = Vp, the ratio Veg/| Vel is
— 1. Note also that the scale for £,/ ], i5 on the left rather than on the right as encountered
for Iy, in past excreises. The additional two scales on the right need an introduction. The ver-
tical seale labeled m can in itself be used to find the solution to fixed-bias configurations. The
other scale, labeled M, is employed along with the m scale 10 find the solution to voltage-
divider configurations, The scaling for m and M come from a mathematical development

lo

|¥p Ve
L ingg ;.va:m I -H=JJ‘J*E
'|{|...... 11 == _ T8 T T Fre TTE P et - &
|
U o o T L T 4
[RX] — 0
Nnmﬁa[‘iz:cdcurw: 5 | e 1
Veagh?
of Ip=Ipss 1= ﬁ:) i
04— T \R 1 = 0:a
.‘\\"
0zl - - - EEN] — 02
=1 -3 -6 -0.4 02 L] W
Vos
.-'F|
FIG. 7.60

Universal JFET bias curve.
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NG PROBLEMS
*Note: Asterisks indicate more difficult problems.

72 Fixed-Bias Configuration

1. For the fixed-bias configuration of Fig, 7.80:
4. Sketch the transfer characteristics of the device,
b. Superimpose the network equation on the same graph.
¢, Determine I, and Vpe
d. Using S‘ru::klgy‘s equation, solve for Jp, and then find Vpg,, Compare with the solutions of
part (¢).

FIG. 7.30
Froblems 1 anad 35,

2. Fuor the fixed-bias configuration of Fig. 7.81, determine:
& In, and Ve using a purely mathemarical approach.
b. Repeat [m'l{ia) using a graphical approach and compare results.
. Find Ve Voo Ve, and V; using the resolis of pan (al.
3, Given the measured valuz of Vi, in Fig. 7.82, determine:
8. I
b Var
& Vig

sV

FIG. 7.81 FIG. 7.62
Problem 2. Problem 3.

4. Desermine V' for the fixed-bias configuration of Fig, 7.83.
5. Determinc ¥p for the fixsd-bias configuention of Fig, 7.84,
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s
+-r:!
i

=
FIG. 7.83 FIG. 7.84
Froblem 4 Problem 5.

1.3 Sell-Bias Configuration

6. For the self-bizs configurazion of Fig. 7.83:
@, Sketch the ransfer curve for the device,
b. Superimpose the network equation on the same graph.
¢. Determine f"’e and V‘-’-‘"Q'
d. Culculate Vi, Vi, Vg, and ¥

#7, Determing [y for the network of Fig, 7.84 using a purely mathematical approach. That is, es- FIC. 7 : .
tablish a quufmn'c equation for f; and choose the solution compatible with the network char- Problems o ;
acteristics. Compare to the solulion obtained in Problzm 6.

8

For the network of Fig. 7.86, determine; ]:2'1"" .
8. Vg and Iy .. b -
b Vog Vi Vigoand ¥y
8. Given the measurement ¥y = 1.7 V for the neowork of Fig. 7.87, determine:
a. -’r.-{'.-
b V%_
¢ Jpon
d. Vo
e Voo ;
“10. For the network of Fig. 7.58, determine: .
a In Yasg
B Vg 1 ML
e ¥y
d. V.
*11. Find V; for the petwork of Fig. 7.89.

18w

FIG. 7.87 FIG. 7.88 FIG. 7.69
Problem 9. Problem 10, Problem 11,
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- Problems 15 and 37, Problem 16, Proflems 7.
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74 Voltage-Divider Biasing

12. For the network of Fig. 7.90, determine:
a. Vi
b. 7, and Vg
e Vyanmd Ve
d. 'I.’gsﬂ.
13. a. RepeatProblem 12 with Re = 0.51 k{1 {about 50% of the value of that of Problem 12). What
15 the effect of @ smaller 5 on I, and Vi ?
b. What is the minimum possible vaﬁue of Rﬁm the network of Fig. 7.907

14, For the network of Fig. 791, ¥V = V. Determine:
& S
b. V,and V.
c. Voand Vg
18V

FiG. 7.80 FIG. 791
Problems {7 and 13 Frablem 14,

7.5 Common-Gate Configuration

#15. For the network of Fig, 7.592, determine;
a [Ip_and VE;E.
b Voeand Vs
*16. Given Vg, = 4V for the network of Fig. 7.93, dztermine:
a Iy
h. Vpand V.
& Var

12% I

FIG. 792 FIG. 7.93 FIG. 794

16 Special Case: Vi, = OV

17. For the network of Fig. 7.04,
a. Findlp, :
b. Determine Vp, and Vi
¢. Find the power supplied by the source and dissipatad by the device.
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1.7 Depletion-Type MOSFETs

18, For the self-bias configuration of Fig. 795, determine:
a I and Vgs .
b. Vpeand Vi
=19, For the network of Fig. 7.90, detenmine:
a. fp and Vg
b Vpgand Vi

4%
o

FIG. 795 FIG. 7.96
Proflem 18 Problem 19,

76 Enhancement-Type MOSFETs

20. Forthe network of Fig. 7.97, determine:
a Iy
b. Vs, and Vo
e Vyand Vs
d. Ve

1M

21. For the voltage-divider configuration of Fig. 7.95, determing:
& In iy and Vi o

b. Vpand Ve T 4V FIG. 797

* Protalen 20

91 k2

0.75k02 1 L—h—

FIG. 7.98 W
i b +
Probiem 21,

710 Combination Networks

#22. For the network of Fig. 7.99, determine:
a,
b, V.,-,sﬂ and J‘}.ll:J
e
d. !5
e Vo FIG, 7.99
. V. Profilem 22,
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#13, For the combination network of Fig. 7100, determine:
a VE and VG'
b Ve
[ IE. .Ir,:, and 'FE!-
d. I, TIGV
e Ve Vi and Vo =
0
B Vo

ViV o e

10 k2

FIG. 7.100
Problem 23.

711 Design

*24. Design a sclf-bias network using & JFET transistor with Jpge = $mA and ¥V, = —6V o havea
Q-pind 2t IDL' = 4 mA using a supply of 14 V. Assame that £, = 3R;and use standard values.
#25. Desizn a voltage-divider hias network using a depletion-type MOSFET with [y = 10 mA and
Vp = —4 W to have o g-point at iy, = 2.5 mA using a supply of 24 V. In addition, set 1, = 4V
and use By = 256, with R = th'[ﬂ. Use standard values.
26. Design a network such as appesrs in Fig. 7.400 vsing an enhancement-type MOSFET with
Vo = 4V and k = 0.5 % 107 AV to have s Q-paint of Ip,, = 6mA. Use a supply of 16
Y and standard values.

712 Troubleshooting

#27, What do the readings for each configuration of Fig. 7,101 suggest about the operation of the
network”

lev

{2} (b (ch

FiG. 7.101
FProblem 27.
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*28, Although the readings of Fig, 7.102 initially suggest that the nstwork is behaving properly, de-
terming a possible canse for the undesirable state of the network,

#1219, The network of Fig, 7.102 is not operating properly. What is the specific cause tor its foilure?

220V v

30RO

EHUkﬂi

TSk TSk

FIG, 7.102 FIG. T.103
Profblem 28 Problem 29,
713 p-Channel FETs
3. For the network of Fig 7,104, determine;
o Iy and Vi .
o e
c. Vo

3. For the network of Fig. 7.105, determine:
a Iy oand Ve
b Vo O
c. Vo

22 kid

o b
Vp =4V
1 M0
0.51 k€2
FIG. T.104 FIG. T.105

Problem 30 Problem 31,

714 Umiversal JFET Bias Curve

32. Repeat Problem 1 using the universal JFET bias curve.
33. Repeat Problem 6 vsing the universal JFET bias curve,
34. Repeat Problem 12 using the universal JFET bias curve.
35. Repeat Prohlem 15 using the universal JFET bias curve.

715 Computer Analysis
6. Perform a PSpice Windows anglysis of the retwork of Prablem [
37. Perform a PSpice Windows analysis of the network of Problem 6.
38. Perform a Multisim analysis of the network of Problem 15,
39, Perform a Multisim analysis of the network of Problem 31.
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r-:t, TrmE

| Exercise
|

FEEDBACK

; « o low-frequency

© 1l ke cpen-loop gain A have a

B.2 Considier the noninverting op-amp circuit of Exercise 8.1, Le! the o1 i ey of 100 He. Find
' . e it ith & 3-dB [requency o :

i ; 1 eruencies W
value of 10* and o uniformy —6 dBfoctuve rolloff of high fregquen amplifier with Ry = I kf} and R; =

. ] weetl-loop
the low-frequency gain and the upper 3-dB Irequency oxf i chose F

¥ kil

Ans, 999 VA 100, kHz

Noise Reduction
ee or interference in an ampli

Negative feedback can be employed to reduce the noise or nierierence I_I:_T; I. hﬁﬂl' I-:JI-
mors I'*r'f‘.‘l.‘--'.'-:"r. {0 increase the ratio of -;-__L‘rlil! to roise. “n'-.k.'t‘n,-j_:r. a5 'I.:'-"Il_. 5 'l_.ll I!'ll'!_::‘-'\' E_T}ir.l an_
this noise-reduction process is possible only under certam ccundmunh_ ( -)_J'!:-.!l’. Lr_l L a.llllra{!un
illustrated in Fig. 8.2. Figure 8.2(a) shows an amplifier with gain Ay, an ’"Em signdl b, and
noise. or interference. V.. It is assumed that for some reason this amplifier suffers from
noise and that the noise can be assumed (o be introduced at the input of the amplifier. The
signal-to-noise ratio for this amplifier is

SIN = VIV,

|

LiLh
lr";?
—O—O— ——0 -
¢ L A?- A. |
BV, P ——— s

. {b)
o FIg. 8.2 Nlustrating the annlication «f b
“Amplifiers. T Spplication of negative feedback to improve the signal-to-noise ratio in

Orn WWW.PdAIIa
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Feedback
neiwork

Hasic
Chrrent
amplifier

(d)

b
R,

= Basic [
4 — ¥+ ngmﬁﬁ_mbg ! R ; Sl Basic —— i
' amplifier ; _ R, lransresistance !
—— =3 amplifiey R 3%

i ?

f,
ok Feedh
work | O b e ] ©
L i ]

! ‘The four basic feedback topologies: (a)
ogy: _.ﬁw current-sampling shunt-mixing
1§ (series—series) topology;

voltage-sampling series-mixing (series—shun)

(shunt-series) opology: () current-sampling senies-

(d) volage-sampling shunt-mixing (shunt-shunt) wopology.
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