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INSTRUCTIONS:

1. Use the values of physical constants provided below.

2. SHOW YOUR WORK. (Make your methods clear to the grader!)
3. Clearly mark (underline or box) your answers.

4. Specify the units on answers whenever appropriate.

PHYSICAL CONSTANTS
Description Symbol Value PROPERTIES OF SILICON AT 300K
Electronic charge q 1.6x10"° C Description Symbol Vaiue
Boltzmann’s constant k 8.62x107 eV/K Band gap energy Eg 1.12eV
Thermal voltage at 300K Vr=%T/g  0.026 V Intrinsic carrier concentration n 10" cm
Dielectric permittivity &  1.0x10"F/cm
Note that V3 In(10) = 0.060 V at 7=300K
SCORE: 1 /10

2 /15

3 /25

4 /30

Total: /80



Problem 1 [10 points]: Cascode Stages

a) Consider the common-emitter amplifier stage below. What is the benefit of using a PNP BJT (rather than a resistor) as
the load device? |2 pts]

The PNP BIT provides a Jarge load resistance (r52)

(bcr)e@‘c{a/ Lor m:i;/'ew‘nj jargﬂ voltag e 3@44}3}
wWithout requiring a large voltage drop (~0,4y << I.r)
and +herefore épravwies ‘f%r more hea@’ra@m than o resistor.

b) Explain qualitatively why the voltage gain of this stage is improved by using a PNP cascode as shown below.
Derive a simplified expression for the voltage gain in terms of the BJT small-signal parameters (g1, Fx1, ¥o1, €£c.). [S pts]
You may assume that 8= g7 >> 1 and that r, <<r, for each of the transistors.

The oaa( resiyf'ancc, (seen i@g}k;,:g inte 4te collector oTDCQ )
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¢) Qualitatively, how should the values of the base bias voltages (V}, and ;) for the PNP transistors be selected? [3 pts]
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Problem 2 [15 points]: Current Mirrors
Consider the circuit shown below:

The BJTs are of identical design, except for their emitter areas:

Trer G » The emitter area of Or is equal to the emitter area of Oggr
Teopy ° The emitter area of O, is 5 times larger than the emitter area of Qggr
Te perV
Ap 5Ag

a) What is the purpose of the transistor Qz? [3 pts]

QF $upf?1€,.a Jlaé base curremds dov QIQE"F and R, withowt
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b) Derive an expression for I,y in terms of Iyzr, neglecting the effect of the transistor base currents. [4 pts]
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¢) Considering the effect of the transistor base currents, what is the error in I .,? [8 pts] R
Assume that fis the same for all transistors, and that it is large (so that Jg = I for each transistor).
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Problem 3 [25 points]: Frequency Response

Consider the amplifier stage shown below. Assume that V, # o for each transistor, and that each transistor is DC-biased to
operate in the active mode.

Cre__

a) Derive an expression for the low-frequency voltage gain. [4 pts] This Is & common-¢ mvitter stage.
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b) Why is 1t de31rable to minimize the capacmve load (Cp)? [3 pts]
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¢) Draw the BJT junction capacitances (C,,l, Cu1, Cesi, Cn, Cy2, Ccs2) on the circuit diagram above. [6 pts]
(Note: The substrate of a PNP BJT is n-type, and so it is biased at Vcc to ensure that the collector-substrate jt Junctxon is
never forward-biased.)

d) Use Miller’s theorem to derive an approximate expression for the -3dB bandwidth. Assume that the dominant pole is
associated with the output node. [8 pts]
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e) Sketch the Bode plot on the axes prov1ded Label the low-frequency voltage gain and -3dB bandw1dth [4 pts]
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Problem 4 [30 points]: MOS Devices
a) Shown below is the capacitance-vs.-voltage (C-¥) characteristic for an MOS capacitor.

i) Is the silicon n-type o /-':}? 1pt
/CGB ype o p-typg? [1pt]

This is an NMOS device.
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i) Indicate by drawing a dashed line how the e \er N
C-V curve would change if the Si dopant
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b) Explain why the current in a long-channel MOSFET does not depend on the drain-to-source voltage (Vps), when the /
MOSFET is operating in the saturation region. [S pts] Seme
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¢) Indicate in the table below (by checking the appropriate box) how the parameters for a short-channel MOSFET would changt,
change, if the body dopant concentration were to be increased (e.g. by a factor of 10). Justify your answers. [9 pts]

MOSFET Parameter will Brief Justification
Parameter increase | decrease | notchange | (Qualitative reasoning)
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d) Consider a long-channel MOSFET of channel length L, whose cross-section is shown below. Assume that Vs = Vg=0.

I, (mA)
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i) Identify the MOSFET operating point on the I-V characteristic to the right. (Circle the appropriate letter.)
Briefly justify your answer. [2 pts]
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ii) If the threshold voltage (Vry) is 0.5 V, what is the gate-to-source bias, Vs? [2 pts]
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iv) Indicate by drawing a dashed curve on the plot above how the I-V characteristic would change, if the gate bias were to
be decreased such that Vgs-Fry is reduced by a factor of 2. [3 pts]
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