Universitv of Pennsyvivania
Department of Electrical and Systems Engineering
ESE 319 Microelectronic Circuits

Midterm Exam #1
October 10, 2008

This exam is a closed book exam. Students are allowed to use a calculator and a single page
reference sheet (two sided). Please show all work., justifv all approximations and give the units for
all calculated parameters.
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I. Consider the amplifier in Fig. 1 above as described in parts a) - f) below. Please make the following
assumptions for transistors Q1 and Q2: [Vyg| = Waee| = 0.7V, By = fa = o0, Iy = Tp = ==, and the NPN
and PNP current mirror transistors are respectively matched. In developing vour answers to a) - f)
below please make justifiable ap proximations.

a) Determine the emitter currents for Q1 and Q2, i.e. I, and I, for the amplifier in Fig. 1 (10 pts)
b) Determme the collector-to-ground voltages for Q1 and Q2 (Ve and V). {10 pts)
¢} Draw the small-signal ac equivalent circutt for the amplifier m Fig.1. Use the small-signal model
of your choosing to represent transistors Q1 and Q2. Calculate any small-signal model
parameters needed in the equivalent circuit. {15 pts)
d) Determine the values for the mid-band gains for the Q) 1-stage v, V). Q2-5tage | V'V, ) and
the overall amplifier | VeV - (10 pts)
€) Determine the approximate break frequencies f,. f, for stages 1, Q2. respectively. (10 pts)
f) Estimate the value of the gamn [\,./v..| at = 60 Hz. (10 pts)

2. The amplifier in Fig. 1 is to be redesigned to achieve a mid-band gain that is 4x the mid-band gain
achieved in Fig. 1 while keeping the operating points V., Ve and approximate break frequencies f,, fy
unchanged.
a) This design can be accomplished by changing the values of selected resistors in Fig.1. Using the
resistor labels in Fig. 1, name the resistors that vou would change to affect this design. {10 pts)
b} Determine the values for these resistors. {15 pts)
¢) For the amplifier in Fig. 2 a PNP transistor was used to implement the Q2-stage in a design
where it was assumed that. [§, = i, = == . In practice, is this a good thing to do? Please give

specific Teasons for your answer. {10 pts)
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dc analysis —tasks a) & b) (B1=B2=0w=1y=15=0=>1=1z,10=15)

28V =V gy, _ 24V —-0.7V

=0.49mA

Lpepr: 12V =1 ey R+ V g =12V = 1 = R
refl
Iprz: 12V=V gyt L gy R,y =12V 21 ey =

24V—V532: 24V —-0.7V

47k Q

=0.97mA

R refl

24k Q2

Ig, & Ir;: Since B,=B,=o and r,=ryp=o then

I,=1,=049mA4 & I,=I,,=0.97mA

Loy _1p_0.49mA
Ve Vi 25mV
e 15 _0.97m4

En =y =Y T 05 my

Also g,,= =0.02A4/V=20mS &

=0.039 4/V =39mS

Ve

V=612V

Vo

V,=—6.12V

12V=1,Ry+V =V =12V 1R =12V —1EIR.,=12V 588V =6.12V

12V =—I RtV =V ey=—12V +1 Rey=—12V+1 ,Re,=— 12V +5.82 V =—6.18V
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With B,=8, Ter 1+8,g,, g, 20mS & 2 g, 39mS

Hence, Ry +r,~Rpy=12kQ & Rp+r ,~Rp=1kQ
mid-band analysis d) : Cg; and Cg; are short circuits

vsig:vn]+gmlvrrlRE1:(l +gm]RE1)vrr]

- R ; — R —R
chz_gmlRCJVm:M:h: Swi e “=—10
1+ g, R Vsig 1+ g, Re; Rg
2uRp=20mS*1.2kQ2=24>1
vclzvrr2+gm2vrr2RE2:(1 +gm2REg)vT,2
_ _ _ _ng RCZ vcl vout _ _ng RC2 . _RCQ _
vaut_vc2__gm2RC2vn2_—:>_ ~ _—6

1+ g,,Rp Ver B I+g,,Rp  Rp

gmRp=39mS*1kQ2=39>1

vout vc] vout
G=—=——"=-10x-6=60

Vsig vsig Ver

Low-frequency analysis e) and f):

NV

1
vSig:vn1+gm]an(RE]+S_CvE):(1+gm1(RE]+S_CE



—8miRer Ve Ver —8mi R N —Re)/ Ry s

Vy=—&uRc/ V1= T :;: NS 1
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1+gm2(REz+FEz) ol 1+g’”2(REZ+sCE2) HREZCEz
1= 1 =603 Hz and f,= L =612 Hz
2R, *22u F 21T R,*2.6 uF

g) With f,~ f,~60Hz the overall voltage gain has a double pole near 60 Hz. If there were a single
break-point at 60 Hz the gain would be -3 dB or 1/+2 the mid-band gain. With two brek-points at
near 60 Hz the gain is — 6 db or 'z the mid-band gain. Hence, the gain at 60 Hz is at

=30

G(f=60Hz)N%

2. The amplifier in Fig. 1 is to be redesigned to achieve a mid-band gain that is 4x the mid-band gain
achieved in Fig. 1 while keeping the operating peints V-, V5 and approximate break frequencies f), f;
unchanged.
a) This design can be accomplished by changing the values of selected resistors in Fig.1. Using the
resistor labels in Fig. 1, name the resistors that you would change to affect this design. (10 pts)
b) Determine the values for these resistors. (15 pts)
c) For the amplifier in Fig. 2 a PNP transistor was used to implement the ()2-stage in a design
where it was assumed that. [§, = f; = = . In practice, is this a good thing to do? Please give
specific reasons for vour answer. (10 pits)

a) To increase the mid-band gain achieved in Fig. 1 by 4x (quadruple the gain) while leaving
unchanged the operating points and break frequencies, the design options are to increase the values of
Rc; and/or R to increase the gain and increasing R,.; and/or R, in concert to reduce the bias currents
in a manner that keep V¢; and V¢, constant.

b) To quadruple the overall gain G, lets increase Rc; , Rc» by 2x to increase the overall gain by 4x, i.e.

Re;=2%12kQ=24kQ and R ,=2%6kQ=12kQ

and increase R,., R by 2x to 'z the two bias currents, i.e.

R =2%4TkQ=94kQ and R,,=2%24kQ=48kQ

¢) It is not recommended to use a PNP BJT as an amplifying transistor because its actual  and unity-
gain bandwidth fr are much smaller than those for a comparable NPN transistor.
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