Problem 1.1: For each of the following circuits, find simplified expressions for gain (A, = Veur / vin) and
Rour- Solving by inspection is preferred. It is ok to keep parallel combinations of resistors in the form
(R1| |R4). For simplicity, assume that g, r,, and R, are identical for all devices, ignore body effect, and
ignore r, when appropriate (1/gm, Rc and Re << rp).

G ® z,#e&,ﬁ'uz G

a) Vee e( _oXe  DTc 3‘«‘13{;?_ ?‘ ﬁ% V;':\//N'“IC?E
w (727

Vi g Vi )

~

oy ® G a:{/““f’,‘ yJwa [ - «Ke aV,J
o 17 Re6 ] = @ 1+ e [

Vin

b)

- @

Vin




Problem 1.2:

calculations. Assume Pr = 120, Vs = 35V, Vegieay = 0.3V, and Vg = 0.7V when Qg is in the forward active
Ve

region.

a)

Use the circuit on the right for this problem. Include base width modulation in your

Find the DC values of I, I, and Vg, at the quiescent point. Assume
Vin = 2.7V, Rz=100kQ), V- = 5V, and Rg = 1kQ). What region is Oy

operating in?
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Since U(,g = Vu-wT

b) Find the values of g, R, and ry at the quiescent point found in part

a) and room temperature.
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c) Derive a small signal expression for vgu/vin, vou do not need to

solve for the numerical value.
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Use the circuit on the right for this problem. Assuming the

transistor is biased in the forward active region, calculate the numerical value

Problem 1.3: :
for small signal gain given V, = 35V. Assume room temperature. This is the
Vi::l.

_=?mvr

intrinsic gain of the device
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Problem 1.4:
Assume the circuit is symmetric

a)

b)
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Use the circuit on the right for this problem
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Find an expression for gain vou/vin
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Draw the small signal half-circuit of the diff pair
channel length modulation and body effect in your model
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Problem 1.5: For this problem, use the parameter values given in the table helow. Use the charge

control model to solve the following parts.

Parameter NPN Units
Br 100 AJA
Br 10 ASA
TF 10 ps
TR 5 ns
VCEnisat] 0 v

a) For the circuit on the right, assume ig is initially 0, and steps from 0 to
10pA at time Os and remains at 10pA. Vee = 5V and Ry = 2kQ). What
region will the transistor be in at t = «c? Calculate the final values of

dr (in Coulombs), i, and vour.
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h) Sketch the transient current ic from part a) as a function of time.
What is the time constant of the response?
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Problem 1.6: For this problem, use the parameter values given in the table below. Use the charge
control model to solve the following parts.

Parameter NPN Units
B: 100 AfA
Br 10 AfA
TE 10 ps
TR 5 ns
VeEsay 0 v

a) Now assume ig is initially 0, and steps from 0 to 100pA at time Os and
remains at 100pA. Ve =5V and Ry = 2kQ). The BJT will obviously be in
saturation at t = oo, Using the charge control models in the saturation
region, calculate the final values of qroraL = g + qg, ic, and vour.

Hint: I¢ is determined by the circuit, and at time t = < (steady state),
all dg/dt terms equal 0.
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b) At time t = 0 the base charge is 0 and the device is in the forward
active region. Let’s assume for now that the device will remain in forward active and not saturate.
Calculate the final value of ic and Vg using the forward active charge control models (Vo will be
negative). Sketch V,, as a function of time, and indicate what the time constant of the response is.
Calculate the time at which Vg reaches the saturation voltage OV.
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c) The base charge just prior to the onset of saturation is defined as qgg. In part b), you calculated the
time at which the BIT transitions from forward active to saturation. Calculate gsp using the forward

active region charge control model. Calculate igg, which is the value of base current that biases the
BIT right at the edge of saturation.

Hint: Icis determined by the circuit, and gao = gr when Vee = Veegsan.
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d) You now have enough information to calculate the value of g, the excess charge stored in the base
at time t = =2, assuming now that the BIT goes into saturation.

Guiat = T80 7 G

MM -

| 5= 3985, C

8o = j.’-”F"0.0ZSP

e
| SNSRI



e) Now assume the base current is switched hack to 0 after qs has been stored in the base. With iz =0,
the differential equation for gs becomes: —igy = q5/Ts + gs/dt. The final value of gs from this
equation is —igpts. In reality, a negative gs is not allowed, and instead the device will enter the
forward active region when gs = 0. However, we use this final value to find the time when gs =0
Sketch the solution to the above differential equation with an initial value of gs found in d), and the
final value of —iggts. Calculate the value of 1s. Now calculate the time at which gs = 0. This is the
time required to bring the BIJT out of saturation, after which it will enter the forward active region
and vgy begins to rise.
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