Montogue

Quiz EL204
Transistor Amplifiers

P> PROBLEM DISTRIBUTION

Problems Subject
1-4 Common-source configurations
5-7 Common-emitter configurations
8-11 Common-gate configurations
12-14 Common-base configurations
15-20 MOS cascode circuits
21-23 BJT cascode circuits

D> PROBLEMS

H Problem 1 (Sedra and Smith, 2015, w/ permission)

Calculate the overall voltage gain of a common-source amplifier that
is fed a 1.2-MQ source and connected to a 15-kQ load. The MOSFET has
transconductance gm =2 mA/V, and a drain resistance Rp = 10 kQ is utilized.

Related equation: eq. 1

H Problem 2 (Sedra and Smith, 2015, w/ permission)

A MOSFET connected in the common-source configuration has a
transconductance gn =5 mA/V. When a resistance Rs is connected in the
source lead, the effective transconductance is reduced to 2 mA/V. What do
you estimate the value of Rs to be?

Related equation: eq. 2

p| Problem 3 (Sedra and Smith, 2015, w/ permission)

A common-source amplifier utilizes a MOSFET operated at overdrive
voltage Vov =0.25 V. The amplifier feeds a load resistance R. = 15 kQ. The
designer selects a drain resistance Rp = 2R.. If it is required to realize an
overall voltage gain Gy of -10 V/V, what transconductance gn is needed? Also
specify the bias current Ip. If, to increase the output signal swing, Ro is
reduced to Rp =R, what does G become?

Related equation: eq. 1

H Problem LI' (Sedra and Smith, 2015, w/ permission)

The overall voltage gain of a CS amplifier with a resistance Rs = 0.5 kQ
in the source lead was measured and found to be —10 V/V. When R, was
shorted, but the circuit operation remained linear, the gain doubled. What
must the transconductance gm be? What value of R is needed to obtain an
overall voltage gain to —5 V/V?

Related equation: eq. 2

p| Problem 5 (Sedra and Smith, 2015, w/ permission)

A common-emitter amplifier utilizes a BJT with f =100 biased at
collector current Ic = 0.5 mA and has a collector resistance Rc=12 kQ2 and is
connected to an emitter lead resistance Re = 250 (. Find the input resistance
Rin, the open-circuit voltage gain Aw, and the output lead resistance R,. If the
amplifier is fed with a signal source having a resistance of 10 k(, and a load
resistance R. =12 kQ is connected to the output terminal, find the resulting
gain Ay with load resistance and the overall voltage gain Gv. If the peak
voltage of the sine wave appearing between base and emitter is to be limited
to 5 mV, what signal amplitude ¥;q is allowed, and what output voltage
signal appears across the load?

Related equations: egs. 3,4, and 5
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Pl Problem 6 (Sedra and Smith, 2015, w/ permission)

Inclusion of an emitter resistance Re reduces the variability of the
gain Gy due to the inevitable wide variance in the value of current gain
parameter . Consider acommon-emitter amplifier operating between a
signal source with resistance Rsig = 10 k(2 and a total collector resistance
Rc||R. of 10 k€. The BJT is biased at collector current Ic =1 mA and its 8 is
specified to be nominally 100 but can lie in the range of 50 to 150. First
determine the nominal value and the range of overall voltage gain |G.|
without resistance Re. Then select a value of Re that will ensure that |G.| be
within +£20% of its new nominal value. Specify the value of Re, the new
nominal value of |G.|, and the expected range of |G,|.

Related equation: eq. 5

p| Problem 7 (Sedra and Smith, 2015, w/ permission)

In this problem we investigate the effect of the inevitable variability
of B on the realized gain of the common-emitter amplifier. For this purpose,
we write the overall voltage gain in a modified form of equation 5,

R,

Rsig +L

JER

where R} =R, ||R¢. Consider the case R}, =10 kQ and Rsjg =10 kQ, and let the
BJT be biased at Ic =1 mA. The BJT has a nominal g of 100. Use 25 mV as the
thermal voltage.

Problem 7.1: What is the nominal value of |G|?

Problem 7.2: If 8 can be anywhere between 50 and 150, what is the
corresponding range of |G/|?

Problem 7.3: If in a particular design, it is required to maintain |G| within
+20% of its nominal value, what is the maximum allowable range of g?
Problem 7.4: If it is not possible to restrict § to the range found in Problem 7.3,
and the designer has to contend with g in the range 50 to 150, what value of bias
current Ic would result in |G, falling in |G| falling in a range of £20% of a new

nominal value? What is the nominal value of |G, in this case?
Related equation: eq. 5

G,

Pl Problem 8 (Razavi, 2008, w/ permission)

A common-gate amplifier using an NMOS transistor for which gm =2
mA/V has a 5-kQ drain resistance Rp and a 5-kQ load resistance R.. The
amplifier is driven by a voltage source having a 750-(Q resistance. What is the
input resistance of the amplifier? What is the overall voltage gain G.? By
what factor must the bias current Io of the MOSFET be changed so that input
resistance Ri» matches signal-source resistance Rsig?

Related equation: eq. 6

H Problem 9 (Sedra and Smith, 2015, w/ permission)

A common-gate amplifier when fed with a signal source having Rsig =
100 Q is found to have an overall voltage gain of 12 V/V. When a 100-Q
resistance was added in series with the signal generator the overall voltage
gain decreased to 10 V/V. What must the transconductance gm of the
MOSFET be? If the MOSFET is biased at Ip = 0.25 mA, at what overdrive
voltage must it be operating?

Related equation: eq. 6

p| Problem 1 0 (Sedra and Smith, 2015, w/ permission)

A common-gate amplifier operating with transconductance gm =2
mA/V and transistor output resistance ro = 20 kQ is fed with a signal source
having resistance Rs =1 k) and is loaded in a resistance R. = 20 kQ. Find input
resistance Rin, output resistance Rout, and the voltage gain v./vsig (output
voltage/signal voltage).

Related equations: eqs. 7 and 8
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Pl Problem 1 1 (Sedra and Smith, 2015, w/ permission)

A common-gate amplifier operating with transconductance gm =2
mA/V and transistor output resistance ro = 20 kQ is fed with a signal source
having a Norton equivalent composed of a current signalisi; and a signal
source resistance Rs = 20 kQ. The amplifier is loaded in a resistance R. = 20 kQ.
Find the input resistance Rin and io/isig, where i, is the current through the
load R.. If R increases by a factor of 10, by what percentage does the current
gain change?

Related equation: eq. 7

Pl Problem 1 2 (Sedra and Smith, 2015, w/ permission)

A common-base amplifier is operating with load resistance R. = 10 kq,
collector resistance Rc =10 kQ, and signal-source resistance Rsig = 50 Q. At
what current Ic should the transistor be biased for the input resistance Ri» to
equal that of the signal source? What is the resulting overall voltage gain?
Assume a common-base current gaina = 1.

Related equation: eq. 8

p| Problem 1 3 (Sedra and Smith, 2015, w/ permission)

What value of load resistance R. causes the input resistance of the
common-base amplifier to be approximately double the value of emitter
resistancere?

Related equation: eq. 9

Pl Problem 1 LI' (Sedra and Smith, 2015, w/ permission)
Show that for a CB amplifier,
R oy, PR
o BrI+(R/r)
Generate a table for output resistance Rour as a multiple of transistor
emitter resistance r. with entries for circuit emitter lead resistance Re = 0, re,

2re, 10re, (B/2)re, Bre, and 1000r.. Let 5 =100.
Related equation: eq. 10

H Problem 1 5 (Sedra and Smith, 2015, w/ permission)

Consider a MOS cascode amplifier for which the CS and CG
transistors are identical and are biased to operate at bias current /o = 0.15 mA
with overdrive voltage Vov = 0.2 V. Also let Early voltage Va= 1.5 V. Find Ay, Awz,
and A, for two cases:

Problem 5.1: R. =10 kQ
Problem 5.2: R, = 150 kQ)

Pl Problem 1 6 (Sedra and Smith, 2015, w/ permission)

Consider the cascade amplifier illustrated below with the dc
component of the input,V,=0.7V,Vs2=1.0V, Vs =0.8 V, Ve =1.1V, and Vpp =
1.8 V. If all devices are matched (i.e., such that conduction parameters ko = ka2
=Rp3 = kpa) and have ideal threshold voltages |V:| of 0.5V, what is the
overdrive voltage at which the transistors are operating? What is the
allowable voltage range at the output?

Vbp
A

Voso—] o,

t R,_:.\Zl'i ! Foa
o———0O

VGzo—l -
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Pl Problem 1 7 (Sedra and Smith, 2015, w/ permission)

Suppose the cascade amplifier illustrated in Problem 16 is operated at
a current of 0.2 mA with all devices operating at an overdrive voltage |Vov| =
0.2 V. All devices have Early voltage |Va| =2 V. Find gm (the transconductance
of transistor Qi), the output resistance of the amplifier, Ron, and the output
resistance of the current source, Rop. Also find the overall output resistance
and the voltage gain realized.

p| Problem 1 8 (Sedra and Smith, 2015, w/ permission)

Reconsider the cascode amplifier introduced in Problem 16, taking V, =
0.6 V as the dc component of the input, V62 =0.9V, V3 =0.4 V, Vs = 0.7 V, and
Voo = 1.3 V. If all devices are matched, that is, kn = kn2 = Rp3 = kps, and have
equal ideal threshold voltage |V:| = 0.4 V, what is the overdrive voltage at
which the four transistors are operating? What is the allowable voltage
range at the output?

p| Problem 1 9 (Sedra and Smith, 2015, w/ permission)

Design the CMOS cascode amplifier illustrated in Problem 16 for the
following specifications: transconductance gm =1 mA/V and voltage gain A, =
—280 V/V. Assume that for the available fabrication process, Early voltage
|V4| =5 V/um for both NMOS and PMOS devices and process parameter u,,Cox
= 41,Cox = 400 pA/V?. Use the same channel length L for all devices and
operate all four devices at |Vov| = 0.25 V. Determine the required channel
length L, the bias current/, and the aspect ratio W/L for each of the four
transistors. Assume that suitable bias voltages have been chosen, and
neglect the Early effect in determining the W/L ratios.

Pl Problem 2 0 (Sedra and Smith, 2015, w/ permission)

A CMOS cascode amplifier such as the one illustrated below has
identical common-source and common-gate transistors that have aspect
ratio W/L = 5.4 um/0.36 um and are biased at/ = 0.2 mA. The fabrication
process has process parameter u,Cox = 400 pA/V? and Early voltage V; =5
V/um. At what value of load resistance R. does the gain become —100 V/V?
What is the voltage gain of the common-source stage?

1 Q]
p| Problem 21

A cascode current source formed of two pnp bipolar transistors for
which current gain parameter 8 = 50 and Early voltage Va =5 V supplies a
current of 0.2 mA. What is the output resistance?
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» Problem 22

Consider the BJT cascode amplifier illustrated below when biased at a
current of 0.2 mA.
Problem 22.1: Assuming that the npn transistors have current gain parameter
B =100 and Early voltage Va =5V, and that the pnp transistors have g =50
and |Va| =4V, find the output resistance of the amplifier, Ron, the output
resistance of the current source, Rop. and the voltage gain, A..
Problem 22.2: Show that the maximum voltage gain achieved by the BJT
cascode illustrated below is given by

|A =g (ﬂzrgz ||IB3ro3)

Using this relationship, compute Avmax for the amplifier introduced in
Problem 22.1.

v, max

p| Problem 23

Consider the BJT cascode amplifier illustrated in Problem 22 for the
case all transistors have equal current gain parameter § and transistor
output resistance r.. Show that the voltage gain Ay can be expressed in the
form

Ll

T Y T ey

Evaluate A, for the case |Va| =5V and 8 = 50. Note that except for the
fact that g depends on | as a second-order effect, the gain is independent of
the bias current /!

o, =

Yy \_ ¥
I
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P> ADDITIONAL INFORMATION

Figure 1 Basic transistor circuit configurations.

(3) Common-gate (CG)

(4) Common-base (CB)

Table 1 Gain distribution in the MOS cascode for various values of load

resistance R..

CllHC R.’, Rm? RJI A:f] Aw] Ar*
] CXJ m rﬂ gf”’ \i"llfr} 7(\"”!"”{’):
2 (87,7, r,f2 (2w 8, — > (8r)’
b) 2 i o
3 rl) L L = 2 -~ l["ﬂ rﬂ = ‘{1’ 't rff
‘I'JHP 1‘1’"[ 2 ( o ) ( L )
4 0 2 & ~1 0 0
gf” qf”
Notation:

R. is the load resistance;

Rinz is the input resistance of the CG transistor Qz;

Rar is the parallel resistance of ro (the transistor output resistance of Q)

and Rinz (the input resistance of Q2);

Av is the voltage gain of Q;
A.z is the voltage gain of Qz;

Ay is the product of voltage gains Ay and Avz;

81

)

(a)

gm‘ vf For R

ol

|||—o

(b)
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Equations
1-> Overall voltage gain of a common-source amplifier

Gv = _gm (RD || RL)

where g is device transconductance, Rp is drain resistance, and R. is load
resistance.

2 - Voltage gain in a common-source amplifier with a resistance Rs
connected to the source lead

_gm (RD | RL)
l+g, R

G

v(with added source res.)

where g is device transconductance, Rp is drain resistance, R is load
resistance, and Rs is the added source-lead resistance.
3 - Resistance-reflection rule

R, =(1+p)(r,+R,)

where 8 is the BJT current gain parameter, re is the emitter resistance, and Re
is the added emitter resistance.
4 > Open-circuit voltage gain in a common-emitter amplifier
AV - _ ngC
()
1+g, R,
where g is transconductance parameter, Rc is collector resistance, and R is
the added emitter resistance.
5 > Overall voltage gain in a common-emitter amplifier

_ R R,
G, =-f
R, +(1+B)(r.+R,)
where 8 is the BJT current gain parameter, Rc is collector resistance, R. is load
resistance, Rsig is the signal-source resistance, re is emitter resistance, Re is

added emitter resistance.
6 > Overall voltage gain in a common-gate amplifier

G — RD ||RL
Rsig+L
Em

where Rp is drain resistance, R is load resistance, Rsi¢ is signal-source
resistance, and gm is transconductance parameter.
7 - Input resistance in a common-gate amplifier

R - r+R,

"1+

gmro
wherer, is transistor output resistance, R. is load resistance, and gm is
transconductance parameter.
8 > Overall voltage gain in a common-base amplifier as a function of input
resistance

v = %gm (RC H RL)
in sig
where Rin is input resistance, Rsig is signal-source resistance, gm is
transconductance parameter, Rc is collector resistance, and R. is load
resistance.
9 - Input resistance in a common-base amplifier

r+R,
Rin ~ T —R
L
r+
p+1
wherer, is transistor output resistance, R is load resistance, and g is the BJT
current gain parameter.
10 > Approximate output resistance in a common-gate amplifier

Rout R, |:1+gm (Re ||r7z'):|

wherer, is transistor output resistance, gn is transconductance parameter, Re
is added emitter resistance, and r;; is the internal base-emitter resistance.

b
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P> SOLUTIONS
P.1=) Solution

The overall voltage gain G, of a common-source amplifier is given by
equation 1,

G, =-g, (R, || R, )=-2.0x(10]|15) = —2.0{

-12.0V/V

10+15

10><15j_

P.2 m) Solution

Adding a resistance Rs to the source lead decreases the effective
transconductance, and by extension the voltage gain, by a factor 1+gmRs (see
equation 2). If gm is decreased to 2 mA/V from an initial gm of 5 MA/V, the
resistance connected to the source lead must be

g
=_—°m 5 1 R )=
l+ngs gm] ( +gm S) gm

gml + gmlngs = gm

gml

“R =& T8m 372310 _[3000
gmgml 5X2

P.3 =) Solution

Noting that R. =15 kQ and Rp = 2R, = 30 k(, we can establish the
required transconductance from the voltage gain G, = —10,

10
G =-g2 (R,||R )=—10>g =
10 10
= = =(1.0mA/V
En 30|15 30x15
30+15

Referring to the definition of transconductance for a MOSFET, we
write

gm :&91[) :—ngOV
%
or
g =8y 1.0x025 reme s
P 2 2

If drain resistance Ro is halved to 15 kQ, the overall voltage gain
becomes

G, =-g,(R,|R,)=-1.0x(15][15)=-1.0x7.5=|-7.5V/V

P.4 =) Solution

The overall voltage gain of a CS amplifier in the presence of a source
lead resistance is expressed as (equation 2)

__gm(RD”RL)_)

v(with added source res.) 1+ ng

S

& (RD | RL)
1+g,x0.5

~10=- (1)

The overall voltage gain with no added source lead resistance is given
by the now obvious relation

= _gm (RD || RL): 2G

v(with added source res.)

=20V

v(no added source res.)

Substituting in (I) and solving for transconductance,

_10=—20 —-10-5g, =-20
1+0.5g,
g = 20;10 =2mA/V

Equipped with the value of gm, the source lead resistance Rs needed to
produce Gv=—16 V/V easily follows,

R, || R —
&u(RollR) o =20
I+g R 1+2R,

s

. —16—32R =-20

-16=-
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_20+16

SR =0.125kQ2 ={125Q

S

P.5 =) Solution

The transconductance of the device is

1 .
g, =—C:L_3=20mA/V
V. 25x10

The emitter resistance is then

I"e :L:%:SOQ
g, 20x10

The input resistance is calculated to be (equation 3)

R, =(1+8)(r,+R,)=(1+100)x(0.05+0.25) =|30.3kQ

For this simple CE amplifier, the output resistance coincides with the
collector resistance,

R. =12kQ
The open-circuit voltage gain is (equation 4)
R 20x107%)x(12x10°
AVO:_ Enltc :_( ) ( ):_4OV/V
1+g R, 1+(20x107)x 250

To determine the gain A, with load resistance, we write

AV :Avo RL :_4())(( 12 j: _ZOV/V
R, +R, 12+12

As for the overall voltage gain G, (equation 5),

R.||R, 1212

G, =- =-100
! 'BRsig+(1+ﬂ)(re+Re) ><10+(1+100)><(0.05+0.25)

=|-14.9V/V

If the peak voltage of the sine wave is to be no greater than 5 mV, the
corresponding input signal voltage is, at most,

v, L, n+R,

L =—"—y = v

v, I +R, [ r, j

L (0055025)
0.05

so that, for the allowable signal voltage amplitude ¥g;g,

N R +R.
Vig =| ————= |y, = 3034101, 35 _[39.0mv
R. 30.3

mn

Lastly, the output voltage signal that appears across the load is

G,|=39.9x14.9=595mV =|0.595V

Vo = Vsig

P.6 = Solution

Let us first state the usual relationship for overall current gain in a CE
configuration (equation 5),

G _ RC ||RL

_IB RC ||RL
v R, +(1+/)(r,+R,)

p (D
R, +(1 +,B)£]T +Rej

E

~—f

Emitter current Ie can be determined from the nominal common-base
current gain @, namely

p+1 100+1
so that
1 .
I, e 10 hima
a 0990
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The overall voltage gain with no added emitter resistance R. is,
substituting in (1),

3
G, =-100x 10x10 =80 V/V

-3
(10x103)+(1+100)x(25xm_3+0j
1.01x10

Now, if B is set to vary between 50 and 150, the corresponding a will
vary from 0.98 to 0.99. Current [ will attain a minimum value of
1 1.0

[, =-C=—"_-10ImA
™ 0.990

and a maximum value of

o =t 19 i oma
™ g 0.980

Taking B =50, the nominal value of |G| without resistance Rc is

3
G, =—50x 10x10 = = —44.4V/V
(10x10°)+(1+50)x| 22210 1g
1.02x10
while for g =150,
3
G, =-150x 10~10 IOV
(10x10%)+(1+150)x Sxio_ﬁo
1.01x10

Accordingly, with no added emitter resistance the absolute value of
the overall current gain will lie in the interval [44.4, 109] V/V. Now, we aim to
find an added emitter resistance R. that will ensure that the |G/| be within
20% of its new nominal value Gynom. At the lower limit, we set |G| = 0.8Gu,nom
and write

3
G,| =50 10x10 - = 0.8G, ..
(10x103)+(1+50)x(25><10_3+R€J
1.02x10
At the upper limit, with |G| = 1.2Gynom,
G,|=150x 10x10° - ~12G, .
(10x103)+(1+150)x(25x103+Rej
1.01x10
Dividing one equation by the other and solving for Re,
10x10°

150 x

(10x10°)+151x(24.8+R,) 128
Son 10x10°  0.8Grsn

(10x10%)+51x(24.5+R,)
(10x10%)+51x(24.5+R,)
X(10x103)+151x(24.8+Re)
. 11,250+51R,
13,740 +151R,
11,250+ 51R, = 6870+ 75.5R,
o _11,250-6870 _
¢ 75.5-51
Substituting this R. into (1) yields the nominal voltage gain

R || R 10x10°
G =- cll L =-100 :-—32.7V/V
S (P PETS R For—

(10x103)+(l+100)x(w

=1.5

1790

Using the Re obtained above, we can establish the expected range of

10

Gy,
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10x10°

G, = —50x = = 24.5V/IV
(10x107)+(1+50)x 2107 199
1.02x10
3
G, =—150x IOX“)Z = = -36.8V/V
(10x10°)+ (1+150)x| 2210 4179
1.02x10

The overall voltage gain is expected to vary between —36.8 V/V and
—24.5V/V.

P.7 = Solution

Problem 7.1: The nominal value of G, is that which corresponds to the
device’s nominal B, which is 100. Noting that gm = Ic/Vr and substituting the
pertaining variables into Gy, we obtain

_ 10x10°
10x10° 1

+
100 1.0x107°
25%x107°
Problem 7.2: Assuming |G.| is monotonically increasing with g €[50,
150], we have, at one end,

=|80V/V

v

10x10°
= Tor1o 1 =144.44V/V
+
1.0x107°
25%107°
while at the other,
10x10°
=7 1030X 0 1 ~[109.10V/V
X

+ 3
150 1.0x10™
25%107°

Thus, the overall voltage gain varies from about 44 V/V to about 109
V/Vin the range of f-values considered.

Problem 7.3: The nominal value of G, was calculated to be 80 V/V; if
the device is allowed to vary within £20% of this specification, we have Gymin
=64 V/V and Gvmax =96 V/V. In one extreme, the corresponding g is
10x10° 10,000

= 64 =
10x10° 1 - 10,000

Vi +(1Ox103] B

G

v,min |

+25

25%x107°

;64F0Jm0+25ﬂj=1QOM)
P p
©. 640,000 416004 =10,0003
©. 640,000 = 84003
640,000

S P =———=76.19
P 8400

At the other extreme, using Mathematica to speed things up,

leeee.
n[48]:= Solve[96 == M’ ‘,;;]

1/25

3 - 126.316

That is, Bmax = 126.32. The allowable range of §is 76.19 < f < 126.32.
Problem 7.4: Let the new nominal G, be |Gy|nom. With =50 and |G| =
0.8|Gv|nom, we write

11
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10x10°

=0.8|G I
10x10° 1 ¥ fnom @
+
50 I
25%107°
With g =150 and |Gv| =1.2|Gv|nom, we have
3

30X10 =12|G| ()

10x10 N 1 nom

150 I,
25%107

Dividing (1) by (1) and solving for bias current, we get

10x10°
10x10° 1
+

150 I.
25%107 __L2E2%;:
10x10° QBEE%;;

10x10° 1
+
0 (L
25%107°
10 000.
10000, 25+1072
1.2 150 ic
In[52] Solve[ = , ic]
0.8 . 10000.
10000  25+1073
50 ic
out52)= { {ic —»©.000125}}

That is, the bias current that would have |G| fall in a range of +20%
of the new nominal value is I = 0.125 mA. This new nominal voltage gain is

3
St N Y EAVAY
10x10° 25

100 0.125

v

P.8 m Solution

The input resistance of a typical common-gate amplifier equals the
reciprocal of the FET’s transconductance:

Lo L _[oa

Rin = -3
g, 2.0x10

To determine the overall voltage gain, we apply equation 6,

5.0x5.0
R, || R . . .
Gv: D|| IL :50||50:5'0+5‘O:25=2V/V
R, + L 075+05 125 125

Em

Now, using the definition of transconductance, we may write

g, =2k 1, =2.0x10" (I)

For the signal-source resistance Rsig to match the input resistance Rin,
we must have

1 1 1

R. :R. = — = =
sig in gm gm Rin 750

p 1
R, /2anD,2 = ﬁ (II)

Dividing (1) by (1), we obtain the ratio
1 1

2K s 750 _750 _2
2K1,, 20x10° 1 3
0
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b (zj _4

1, \3 9
4

"\, EID’I

That is, the bias current must be multiplied by a factor of four-ninths

in order to have the input resistance Ri» match the signal-source resistance

Rsig.

P.9 =) Solution

Recall that the overall gain of a common-gate amplifier is expressed

as (equation 6)

o RollR
v 1
RSig +—
En
=100 Q and G, =12 V/V, that is,

Ry R

100+L

Em

After 100 Q of resistance is added in series to the signal generator,

At first, Rgiq

12= (1)

Rgig =200 Q and G, =10 V/V, so that

R, ||R
1

200+ —
&

Dividing (1) by (11) and solving for transconductance,

RARL

100+i 2OO+L

12 g _ &

10 RAR. 1o04 1
200+i En

Em

12><[100+Lj - 10x(200+iJ
gm gm

1200+£ =2000 + 10

Enm Em

2 =800

Em

gy == A =20 Ay
800 400 400

g, =2.5mA/V

10 = (I1)

If the FET is biased at Io = 0.25 mA, the overdrive voltage Vov must be
_ 21, N 21,

=10.2V

P.10 = Solution

The input resistance is given by equation 7,
T t+R, (20+20)><103
"oltg,rn,  1+(2.0x107)x(20x10°)

=1976Q2

The output resistance is, in turn (equation 8),

13
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Ry =r,+(1+g,)R, = (20><103)+[l+<2.0x10’3)x(20><103)}<(1.0><103) = 61,0000

~[R =61.0kQ
Lastly, the voltage gain is
Vo _ R, _ 20 _OIvVIv
Vsie R +R. 1.0+0.976
P.11 =) Solution

We have all the data needed to compute input resistance Ri» (equation
7),

3
_ r,+R, _ (20+20)x10 _l9760
1+g,n,  1+(2.0x107)x(20x10)

in

Now, current gainio/isi; can be expressed as
] R
bl B 2 _pos3am
I R, +R, 0976+20

sig 0
Once the load resistance is increased to R} = 10R;, the current gain
becomes

i) R 20%10° 0788 A/A
i, ) R.+R (20+200)x10° .
1 +20x10
1+(2.0><10*3)><(20><103)

This amounts to a percentage change in current gain given by
(io/isig )1 _(io/isig)

(io/isig )O
P.12 =) Solution

First, note that the input resistance Ri» of a common-base amp can be
estimated as

0.788-0.953

A= 0 %100% = x100% = —17.3%
0.953

Rin ~—
Enm
For the input resistance Ri» to equal the signal-source resistance Rsig =
50 Q, the transconductance must be

L:Iein:]esig :50—)gm:%:20mA/V

Em
Using the definition of gm for a BJT, we establish the collector current

1.
=——>I1.=gV,
g % c = 8n'r

T

1. =(20x107)x(25x107) =5.0x10"* A =[0.5mA

The overall voltage gain G, is, in turn (equation 8),

R 50 :

G, RS (Re 1R, ) =" =x(20x10 *)x[(10x10°) ] (10x10°)
-G, =50V/v

P.13 =) Solution

First, note that the input resistance of a CB configuration is related to
load resistance R. and other resistance components by the expression
(equation 9)
r,+R,
in e R

ro+—t

B+l

Setting Rin = 2r. and solving for R., we obtain

14
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+ L
B+l
2R
r+R, =2r +—*
+1
2R
L~ L :ro
p+1

R (B+1)-2R,
N B+1 o

LR (B+1)-2R, =(B+1)r,
LR (B-1)=(B+1)r,

R, :(ﬂ+1jr
p-1)°

Thus, if the load resistance were set to (8 + 1)/(8 — 1) times the
transistor output resistancero, the input resistance Ri» would become twice
the emitter resistance r.. With 8 = 50, for example, the load resistance would
have to be 51/49 ~ 1.04 times the value of r..

P.14 =) Solution

Starting with the equation for output resistance Ro.: (equation 10), we
write

Rout zro +gmro (Re ||rzr)_)R0ut zro [1+gm (Re ||rﬂ')]
;&m=%@+ﬁ_§£—]

r. R +r,

R
R =r [HLJ
R +7,
R
SR =1+ PR,
Re+(,3+1)”e

R
—out _ 1+—ﬁRe
v, pr,+1,+R,

o

;&iz{Lk B(R./.) }

r pH+1+(R, /1)

o
The desired relationship has been demonstrated. We proceed to
tabulate values of Rout/ro as a function of different emitter lead resistances
Re. One way to go is to apply Mathematica’s Table function,
180. x rr

n[524]:= Se‘tPrecision[Table[1+ s {r, {6, 1, 2, 10, 50, 100, 1666.}}], 3]

101 + r
ours24- {1.00, 1.98, 2.94, 1.0, 34.1, 50.8, 91.8}

The results are tabulated below.

Re Rout/ro
0 1.0
re 1.98
2re 2.94
10re 10.0
50r. 34.1
100r. 50.8
1000r. 91.8
P.15 =) Solution
Problem 5.1: We first determine the transconductance gm,
g = 21, _ 2x0.15 1 5mAN
Vo 0.2

The transistor output resistancer. is given by

15
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v, 1.5
ry = =
I, 0.15x107

Note thatr, =R. =10 kQ; referring to Table 1, the present system fits
into MOS cascode amplifier case 3. The voltage gain of transistor Q; is fixed
as

=10kQ

A, =-2.0V/V
The voltage gain of Q: is, in turn,
— 1 _ 1 -3 3\ _
Ao =28, _—Ex(1.5><10 )% (10x10°)=[7.5V/V

The overall gain can be expressed as the product of the voltage gains
of Qi and Q,

A =A,4,=-20x75=|-15V/V
Problem 5.2: Note that
(g.7,)7, =(1.5%107)x(10x10%)x(10x10°) =150 kO

which happens to be the value of Ri; accordingly, we are now in gain
distribution case 2. The voltage gain of Q; then becomes

A, = —%(gmro) = —%x[(1.5x103)x(10x103)] =|-7.5V/V
while the gain of Qzis found as

A, =g,r,=(15x107)x(10x10°) =[15V/V

Lastly, the overall gain is

A =A,4,=-75x15=[-113V/V

P.16 =) Solution

The overdrive voltage Vov for a PMOS transistor is of course
VOV :VSG _V; :VS _VG _V;
With reference to transistor Qs, we may write

Viy =Vip —Vea =V, =1.8-1.1-0.5=[02V

t

Now, the minimum output voltage is given by

4 =Vp i +Voy = (VG,Z Vs ) +Vor (D)

Noting that
VGS,I = VGS,2 = VSG,3 = VSG,4 =Vor +|Vz| =02+05=0.7V
we can substitute in (I) to obtain

Vi =Vir —Vess +Vpy =1.0-0.7402=0.5V

0, min
In turn, the maximum output voltage is

v, =V, -V =18-05=13V

0,max t

The allowable voltage range at the outputis 0.5 <V, < 1.3 V.

P.17 &) Solution

To find the transconductance of the transistors, simply substitute the
operating conditions Ip = 0.2 mA and |Vov| = 0.2 V into the usual definition,

21, 2x0.2
g =2 2X02_ oo N
vV, 02

To establish the output resistance Ron of the amplifier, we first
compute the transistor output resistance r,, which is assumed to be the
same for all four FETs,

v, 2.0
R =
I, 02x107

=10kQ

Accordingly,
R, =(gurn)r, =(2.0x107)x(10x10°)x(10x10’ ) = [200kQ

Likewise, the output resistance Ro, of the current source is

16
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R, =(guts) 1 =(2.0x107)x(10x10")x(10x10%) =[200kQ

The overall output resistance is then
IR = 200x200
¥ 200+200

Lastly, we compute the voltage gain realized by the cascode amp,

A, =-g,, (R, IR, )=—(2.0x107)x(100x10’ ) = [-200 V/V

R =R, =[100kQ

P.18 = Solution

To establish the overdrive voltage of transistor operation, simply
subtract the threshold voltage, |V:| = 0.4 V, from the dc component of input
voltage,Vi=0.6 V,

v, =V, -V, =0.6-04=[02V

Next, we determine the minimum output voltage on the basis of
transistor Qz; that is,

V,min = Vs,z + VOV,2 ¢))

0,min

Here, Vs2 is given by
Vs,z = VG,2 - VGS,2 = Vc,z _(VOV + Vt) = Vc,z —Vor =V,
VS,2 =09-02-04=03V
Substituting in (1),
V. . =03+02=0.5V

0, min

The maximum output voltage, in turn, is calculated on the basis of
transistor Qs,

4 = Vs,3 - VOV,3 (I1)

To determine sourceo\’/lzalfcage Vs,3, we write
Vss =VostVass =Vos t (VOV + Vt)
oV, =04402+04=1.0V
Substituting in (1),
V =1.0-0.2= M

0,max

Thus, the output voltage range is V, €[0.5,0.8] V.

P.19 =) Solution

Using the specified gain Ay = —280 V/V and transconductance gm: =1
mA/V, we can estimate the circuit output resistance R, of the cascode
network,

A
A=-g R >R =——
gml
(-280)
R, = ————2-=280kQ
1.0x10

Using Ro, we can determine the transistor output resistances ro, which
are assumed equal for the four transistors,

R, =[(2,75) 7 (2,575 )7 ] = (1.0x107 )2 [ 1] (1.0x107 )< | = 280x10°

-'.[(I.OXIO_) ] [(10><10 )xr,

(1.0><10* )xr +(10><10 )

3
o= |20 53 7ka
5.0x10

Now, recall that r, for a FET can be expressed as

Ve VL, _nl

]:280><103

o] 1 Vi
In order to determine the channel length L, we require the bias
current/,

17

© 2021 Montogue Quiz



gm_z_l_)]_gm V0V|
oV 2
(1.0x10—3)xo.25
o= . ~10.125mA
Thus,
23.7x10° )x(0.125%107
Lzﬂz( ¥10°)<(0.125x10°7) _ 0.593pm

V! 5.0%x10°

Next, we write the usual relationship for bias current in a FET and
solve for width-to-length ratio,

1 21
I=2uC, (Kj Vor —{Kj =
2 L) L) w1,CVor

.-.(KJIZ(ZX(O.IZSXIO3) _[i9]

L 400x10_6)x 0.25°

The width-to-length ratio of the NMOS labeled as 2 is the same as

that of Qy,
2)-(2)
L), L),

The width-to-length ratio of the PMOS transistors is, noting that
UpCox =100 pA/V?,

1=lﬂ COX(KJ Vor %(Z] ZLZ
277 L), L, /upCoxVOV
2><(o.125x10—3)

)l

L (100><10*6)><0.252

£
L), L)
P.20 =) Solution

The information given suffices for us to compute the
transconductance gmz,

Finally,

(W o 54
g, = 2kp(fj[[, =\/2x(400x10 )XO.36X

Also, the device has 0.36-um effective length, therefore Va=5 x 0.36
=1.8 V. We proceed to determine the transistor output resistance ro,

(0.2><10‘3) =1.55mA/V

SZNSE SR
I, 02x10

and from there the circuit output resistance R,
R, =(g,7 )1 =(1.55%107)x(9.0x10° ) x(9.0x10° ) =126 kO

Now, setting the voltage gain to —100 V/V,

100
A =-g, (R ||R)=-100>R |R, =————
v gml( 0” L) 0|| L 1_55X1O_3
(126x10°) R, 100
" (126x10°)+R,  1.55x107
=64.5x10°

- (126x10° )R, =(64.5x10°)x[ (126x10°) + R, |
o.(126x10° )R, =8.13x10° +(64.5x10° ) R,

~ 8.13x10°
b 126%x10° —64.5%10°

=|132kQ
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The gain attained will equal =100 V/V if the load resistance utilized is
close to 130 kQ. We finish by determining the voltage gain of the CS
amplifier,

4,=g,r,=(1.55x107)x(9.0x10’) = [14.0V/V
P.21 =) Solution

The output resistance of a BJT cascode is given by

Ro ~ (gm2r02 )(rol || r/rZ)

Before proceeding, we need the transconductance gm, the transistor
output resistance ro, and the input resistance r». The value of gm is

-3
gm:L:O.ZXIO _3 v
v, 0.025
The value of r, is
/N R
I 0.2x10
The value of rn is
r=f o 0 6510
g, 8.0x10

Gleaning our results, the value of R, is calculated to be

R, =[(8.0x107)x(25x10°) |x(25x10°||6.25%10°)
(25%10°)x(6.25x10°)
(25x10%)+(6.25%10°)

R, =200x =1.0x10°Q ={1.0MQ

P.22 u) Solution
Problem 22.1: The output resistance Ro» of the amplifier is given by

R, :(gm2ro2)(rol | rﬂz) D

where subscripts 1and 2 refer to the npn transistors in the cascode.
Transconductance gmz is

I. 02x107
gy =L == —BOmMAV
Ve, 25x10
The transistor output resistance ror =roz is
V .
r,=r,=—" LzZSkQ

2 I, 02x107
Input resistance rm is

B 100
g, 80x107

Substituting in (1), we get

R, =[(8.0x107)x(25x10°) |x| (25x10°) || (12.5x10°)

(25><103)><(12.5><103)
R =200x =[1.67MQ
o (25><103)+(12.5x103)

The output resistance Ro, of the current source is stated by the
similar formula

=12.5kQ

rﬂ' 2

Rop :(gm3ro3)(ro4 [ ’”;;3) (1)

Here, transconductance gms is

I. 02x107
Ems = T A 1n3
V., 25x10

The transistor output resistance ros =ros is

V .
3 27’04 :—A:L_3:2Ok§2
I, 02x10

=8.0mA/V

Input resistance rms is

19

© 2021 Montogue Quiz



B 50
g, 8.0x107
Substituting in (I1), we get

R, :[(8.0><10‘3)x(20x103)]x[(20x103) 1(6.25x10° )]

(2O><103)><(6.25><103)
R =200x ~[762kQ
o (20><103)+(6.25><103)

=6.25kQ2

rﬂ'3

We proceed to compute voltage gain Ay,
4,=-g, (R, IR, )=-8.0x(1670]762)
1670x762

X— =
1670+ 762
Problem 22.2: To show the relationship posited in the problem
statement, we write, using the definitions of R.» and R, for a BJT cascode
amp,

A, =8, (R 1Ry ) = =2 {[(€0702) (s 172) N[ (81572 ) (7 1725 ]}

Here, ros||rms = rns because ros > rns and rorl|rm2 = rn2 because ror > rm,

giving
4,=-g, {[(ngFOZ)riz'Z] | |:(gm3ro3)rﬂ'3 :|}

A, ==g, {[(gmzrﬂ )rﬂ] I [(g"13r”3 )r03]}

Note that the products in parentheses gmzrm = 8, and gms rn3 = 33,
hence

© A =-8.0 —4190 V/V

A

v, max

==& (ﬂzroz [ 183r03)

as we intended to show.
In the case at hand, gmi =gm2 = 8.0 mA/V, B, =100, ro2 = 25 kQ, B3 = 50,
and ro3 = 20 kf), so that

A, | ==(8.0x107)x{[100x(25x10") ][ 50% (20x10") ]}
2|4y | = =(8.0x107 )x[ (2.5%10°) || (1.0x10° )
6 6
V. :—(8.0><103)x<2'5><10 Jx(1.0x10 ): —5710V/V
| (2.5%10°)+(1.0x10°)
P.23 mp Solution

The voltage gain of a BJT cascode is given by

4,=-g,(R,IIR,) (O

Here, the output resistance Ro, of the amplifier and the output
resistance Ro, of the current source are given by

Ron :(gm27”02)(7”01 || ’”nz) :(gml/'o)(l"o || rzr)
Rop = (gm3ro3)(ro4 || r/z3) = (gmro)<ro || r/r)

IC IC
R =R |VA| |VA|ﬂ>I< ﬂ|VA|2
"W (Wl B7) 1 (Pl 87:)
BlV.[ V.

~R =R _= -
p 1.8|V,] LILCN N L
R VA | 15 BN A

Substituting in (1), we get

20
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I il 7.l

Av :_gm (Ron ||Rop):_ X ||
v
g ]C(VTJrlJ IC[VT 1}

7_’_7
il a) ) LWl s

X vl [

’ _VTX A 2(VT/|VA|)+1/ﬂ
K 5)

Substituting |Va| =5V and B =50 brings to

1 50/0025
" 2(0.025/5.0)+1/50

—4000 V/V
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Was this material helpful to you? If so, please consider donating a small
amount to our project at www.montoguequiz.com/donate so we can keep

posting free, high-quality materials like this one on a regular basis.
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