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1 BJT Amplifier

The following figure shows a BJT amplifier, which we are going to analyze.
The transistor has f = 160, and V4 = 100 Volts. RS is part of the source.
The input and output voltages are at the indicated locations, vin and vout,

respectively.



1 BJT AMPLIFIER

1.1 Amplifier Type
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1.1 Amplifier Type

What type of amplifier is it? Common Collector or Emitter Follower

What is the typical situation in which this amplifier is used?

Used when unity voltage gain is needed

and source alone cannot supply current.

1.2 Small-Signal Parameters

What are the small-signal parameters?
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1 BJT AMPLIFIER 1.3 AC Circuit

1 mA
m:]DC = =0.04 A
9 ¢ /VT 25 mV 0.0 /V

160
'm0l = GarAN
c= I = T — 9480

re=Ig"/Vr =373
V4 100 Volts 5
Ry = — = —10° Q
! I15¢ 1072 Amperes

= 4000 €2

gm =0.04 A/V

re =4 k()

R, = 100 k£

1.3 AC Circuit

Draw the AC circuit, using a T model for the transistor.
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1 BJT AMPLIFIER 1.4 Amplifier Characteristics

AC circuit in the following figure:

1.4 Amplifier Characteristics

What are the AC characteristics of this amplifier?

Voltage Gain: Look at the voltage divider. Neglect
Ry in comparison to R..
Vour 5000 w
Vin 5025 w

Ay =

Current Gain: Note that the dependent source gy, (Vi, — Vout)

can also be written as ¢ = (17, The current going to
r. and thus mostly to Ry, is the sum of z'éac) and z‘é‘w) or
£ + 1 times the input current.

Output resistance:
Vout:oc == Uin
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1 BJT AMPLIFIER 1.4 Amplifier Characteristics

iout:sc ~ Um/25 €2
Vout:oc2

Lout:sc

Voltage Gain (With Load) 0.995
Current Gain 101

Output Resistance 25 ()
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2 DISCRETE FET AMPLIFIER

2 Discrete FET Amplifier

The following figure shows an amplifier using a discrete FET and a resistor.
The transistor has a drain current of 250 pAmp when Vg = 5 Volts, and
the threshold voltage is zero. The Early Voltage is V4 = 70 Volts.

: 15V —L

What type of amplifier is it? Common Drain

What is the typical situation in which this amplifier is used?

Unity Voltage gain is desired

and source cannot provide current
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2 DISCRETE FET AMPLIFIER 2.1 Circuit Design

2.1 Circuit Design

We want a drain current of 250 pAmperes in this circuit. What resistance

do we need for RS?

II(DDQ = 250 pAmperes — Végo) = 5 Volts

VAP =0 = VP9 = —5 Volts
B 10 Volts
250 x 10-6 Amperes

Rg — 4 x10*Q

Rg =40 k)

2.2 Small-Signal Parameters

What are the small-signal parameters?

20 250 x 1076 Amperes

= — — 1074 A/V
g PASE 5 Volts /
GS
70 Volt
Ro— A _T0Volts oo 100

]lgDC) 250 pA

gm = 100 pA/V

Ry, = 280 kS

2.3 AC Circuit

Draw the AC circuit, using a Pi model for the transistor.
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2 DISCRETE FET AMPLIFIER 2.4 Amplifier Characteristics

AC circuit is shown below

2.4 Amplifier Characteristics

What are the AC characteristics of this amplifier?

Uhatoe = g (V5 = vl ) (Bo || R.)

Vgt 1+ g (Ro | Ro) = gy, (Ro || Ro)
ptAC) _ _Im (Bo || Bs)  (ac)
0 = T gy (By | R
Neglect Ry in comparison to Rg.
SAC) _ 10~ 4A/V><4>< 10 © (AC)
outor = T10 4 AV x 4 x 10 Q"

— 0.80p4¢)
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2 DISCRETE FET AMPLIFIER 2.4 Amplifier Characteristics

Input resistance is infinite because of the oxide between
the gate and the channel.

Output resistance is Rg || Ry = Rg.

Open-Circuit Gain 0.80
Input Resistance Infinite

Output Resistance 40 k€2
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3 CMOS AMPLIFIER

3 CMOS Amplifier

The figure below shows a CMOS amplifier. The transistors are all the same,
and have a drain current of 250 pAmp when Vg = 5 Volts, and the threshold
voltage is zero (This is the same as in Problem 2). However, in this case,

V4 = 100 Volts.

| oo

MbreakN

IREF | ‘M1,
oD -
- IDC ~+. —
Y N S
L M3 - Mﬁ ]
I | | I
MbreakN MbreakN

3.1 Amplifier Type

What type of amplifier is it? Common Drain

What is the typical situation in which this amplifier is used?

Unity Voltage gain is desired

and source cannot provide current.
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3 CMOS AMPLIFIER 3.2 Transistor Characteristics

3.2 Transistor Characteristics

What is the constant, u,,C,,W/L for this transistor?

In saturation,

W (vas — Vi)’

D = nCO:U
' = Moy 2
W 2i 2 x 250 x 1079 A
i Gy = ——— 0 2RI — 2% 1077 A/V2.
L (vas — v (5 V?)
20 pA/V?
3.3 Small-Signal Parameters
What are the small-signal parameters?
II(DDO) = 0.1 mA
]Z(DDC) (DC) 4 -5
gm = pey =\ 2L HaCor— = 6.3 X 1077 AV
GS
Vi 100V
Ry = IE)D(J) =109 A 10” €2
Gm = 63 ,MA/V
Ry =1 M)
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3 CMOS AMPLIFIER 3.4 AC Circuit

3.4 AC Circuit

Draw the AC circuit, using a Pi model for the transistor.

3.5 Amplifier Characteristics

What are the AC characteristics of this amplifier?

Ry
Vout:0c = 7gm (Uz'n - Uout:oc)
Ry Ry
Vout:oc (1 + 79771) - 79mvm
Ry
Vout:oc = +9mvin — 2?}@'”
1+ g, 33

Again, the input resistance is infinite because the input
is on the gate.

Open-Circuit Gain (. 97

Input Resistance Infinite
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4 CMOS LOGIC

4 CMOS Logic

The following figure shows a CMOS digital logic circuit. As usual, +5 Volts

2

represents “true,

and zero represents “false.” There are two inputs, VA and

V' B, and one output, V,,; at the voltage probe shown in the figure.

MbreakP :
=
M4
"MbreakP '
=
M3 5y
M, vz, |
= b=
MbreakN MbreakN

| vDD

4.1 Truth Table

Construct the truth table for this circuit, for all possible combinations of

inputs VA and VB being “true” or “false.”

A|B|MI1|M2| M3|M4|Out
HH O]O | X | X | L
HLH X]0]0|X]| L
LIHIO| X | X|O]| L
LILI X | X]O|O|H

What is the function of this circuit?

NOR
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4.2  Output Voltages

4 CMOS LOGIC

4.2 QOutput Voltages

The following figure shows output voltage as a function of input voltage, V A.

In the figure, the bottom curve (along the V,,; = 0 axis) is for VB = 5, the
next curve is for VB = 2.5 Volts and the top curve is for VB = 0 Volts.

Explain these curves in terms of what you know about FETs.
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s Low

Ve =5 V: Output Alway

0 V: Output changes with V4.

Vp =

Similar to Vz = 0V but M4 is only partially on.

4.3 Current

Draw a plot of the current, ip as a function of VA for VB = 5 Volts. You
don’t need to provide a correct current axis, because I have not given you
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4 CMOS LOGIC 4.4  Alternative Output

the transistor parameters.

DS

4.4 Alternative Output

With the addition of two transistors at the output, you can convert this to
either an “AND” or “OR” gate. Which one? Draw the additional circuit.

Add an inverter.

“AND” or "OR?” OR
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