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Part1l Part 1 The Cascode Amplifier:

First, we are tasked with simulating and recording the behavior of a cascode amplifier built out
of 2 2N3904 npn transistors. The minimum specifications of our amplifier are as follows:

Rout (value at mid Rin (Minimum value | |Av| (minimum fL (maximum value)

band) at mid band) value at mid band)

2.5 kQ + 250Q 5kQ 50 500 Hz
Resistors
In order to bias our cascode, we employ the 1/4% a1 Re
rule for determining our resistor values. R R

Il Vo>
The 1/4'" rule states that: @ c a
Q2
— cm2n3904 50k
Vc2 = % Vcce, Vez2 = Vei= % Ve, Ver = ¥4 Vee and 20 S
[1= 0.1%le2. R
Gt Q1
Carrying over from the previous mini project we 500 € cm2n3904
found the B value of our 2N3904 transistors to be "
about 118 and as usual we assume a Ve of 0.7V C) R3 Re Ce
— v R R C

Using the fact that we want a maximum Rout of l
around 2.5k at midband we can say that our - <
resistor Rc = 2.5k since at midband the output of Figure 1-1: initial circuit information

our amplifier is isolated from the rest resulting in an
output resistance entirely dependent on Rc setting Rc = 2.5k we can calculate the rest of our
values like this:

Vee = ZOV, VC2 = 15V, VEZ = VCl = 1OV, VEI = 5V, VBZ = 107V, VBl = 57V,

5
ICZ = R_ =2mA = ﬁ * IBZ o IBZ = 1694‘#14, ICZ + IBZ = IEZ = ICl = 2.017mA
Cc

I
Iy = % =17.092uA,  Ig =lpy + I = 2.034mA - I; = 0.2034mA

I, — Iz, = I, = 186.455u4, Ry = 2458

20 — 10.7 10.7 — 5.7 5.7
,=——1=45721, R,=——""=126816, R3=
I I I = Ipq

= 33655

Using our list of standard resistor values the resistors are as follows:
R1=47k, R2=27k, R3 =33k, Rc =2.7k, Re =2.4k

These bias resistors result in the following DC operating point of our cascode amplifier.
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V(vee)V: V(vb2)V: V(vbl)V: V(ve)V: V(vm)V: V(ve)V:
20 10.5833 5.5907 14.5429 9.91778 4.92503
Ic(Q2)A: Ib(Q2)A: Ie(Q2)A: Ic(Ql)A: Ib(Ql)A: Ie(Ql)A:
0.00202116 1.54421e-5 0.0020366 0.0020366 1.54974e-5 0.0020521

Using this information about the DC operating point we can recalculate § = 130. We also use

Ic _ 0.002036 _

this information to determine our small signal parameters gm = S oot
T .

0.081 and % = 0.0808 for Q1 and Q2 respectively and r;; = £ = 1608 and 1620 for

gm

Q1 and Q2 respectively. Since Q1 and Q2 are identical transistors from this point on we will
assume they have the same small signal parameters and set g = 130, rm=1.6kQ, gm =
0.08S for both transistors. However, having found our rr we can now see that our midband
input impedance does not meet specifications. At midband our input impedance should
theoretically be equivalent to R; || R, Il r;; which initially is found to be about 1.4k. we adjust
this by adding a resistor R4 to our input, when we calculate input impedance our equation
becomes (R; Il R, Il ;) + R4 thus meeting our specifications if R4 = 3600

The size of R4 directly affects our midband gain. After adding the resistor R4 the equation for
our gain becomes:

Ry Il R Il (1)
[R, I R3 Il (;)] + Rs + R4

0.08 = (2561) (1444> 58.1
= —U. k E S = - 11—
5094 %4

—gm(R¢ | R) =

Which manages to meet the requirements of |50|g

Recalculating our dc operating point after adding the small resistor we see that there haven't
been any significant changes so we will continue to use the previously calculated values of (3,
gm and rm.

Capacitors

As with the previous mini project we will be using the equations below to calculate our

Cr and C,. For Vcs | used the value 4 V because The Vcs measure for Q1 and Q2 were 4.32
and 3.95 respectively, so | took an approximate value of 4 in order to use the same Crand Cy
for both transistors.

cjc
Ct=2xCJE+TF * gm, C,u:—M]C
(1+75%)
VjC
3.5p
Cr =2 +45p +400p « 0.08 = 41pF ,C, = 2 0330 = 1.9pF
(1+5750)

We can see from the low frequency small signal model that Cc1 is decoupled from the rest of
our circuit and its position will not be affected by the other low frequency poles.
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-1
wipr = (Cez * (R, +R¢)) = (Cp *52700)71
Wip2 = (Co1 * Ry + RA+ (Ry I Ra Il (i + (L + B) * R)))) 2 = (Ceq * 17833)

((Rs + R4) | Ry Il R3) + 17 - _
T h )u RE)) = (Cp % 34.08)"1

Wip3 = (CE * ((

As with the previous mini project we have a zero associated with the point where our emitter’s
admittance goesto 0 w;,; = (Cg * Rg) ™! = (Cp * 2400)71

Seeing how the pole caused by Ck is 2 orders of magnitudes larger than the other 2 poles,
assuming we choose capacitors within the same order of magnitude for the 3 of them we will
see that The pole associated with Ce will dominate making it mostly responsible for the
position of the low 3db cut point of our amplifier. Seeing as the zero is also associated with Ce
it's reasonable to assume it will have some effect on the low 3dB point as well, using these
observations we can say:

1 2 1
500*2n2w13d3=j(m> ‘“(M)

Cp = 9.34uF

In order to satisfy the requirement and obtain a
larger mid band | set Ce to 22uF. And in order to
maintain our assumption that Ce will be the
dominant pole we will need to set the remaining
capacitors to be of a similar magnitude, so | set
them all to be 10uF for simpler calculations.
Resulting in the following Cascode circuit (Figure i
1-2)

2

cm2n3904 50k

Q1
cm2n3904

Ce

;|:lu
S~

Figure 1-2: My Cascode after all components are

Part A — The dc operating point

Final DC operating point:

chosen
V(vee)V: V(vb2)V: V(vbl)V: V(ve)V: V(vm)V: V(ve)V:
20 10.5833 5.5907 14.5429 9.91778 4.92503
Ic(Q2)A: Ib(Q2)A: Ie(Q2)A: Ic(Ql)A: Ib(Ql)A: Ie(Ql)A:
0.002021 1.54E-05 -0.00204 0.002037 1.55E-05 -0.00205
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Part B — Bode Plot

To find the high Frequency poles we need to model our high frequency circuit and then apply
miller’s theorem to split it into 2 much more manageable circuits as we have demonstrated in
previous mini projects.

2

B2
Rs R4
A ' —(=)
50 3600 . )
Vi Rb2//Rb2 rpit_o * | Cpil+2Cmys. B1 EHJP*CPIZ 1=gm2*Vpi2 Cmu2
= - pi2 __mu
14850~ 1600 i 44.72p “72 Vpi2 1500 - RC//RL
v - I=gm1*Vpil . Hp 2562

Figure 1-3: the miller equivalent circuit.

Looking at this circuit we can determine our high frequency poles easily. Each of the
capacitors are isolated from each other so we can simply use the methods learned in class to
form the following equations after accounting for the magnified resistance between emitter
and base.

Whyp2 = [((Rs + R4) Il Ry Il R3 Il 1) * Cppq + 204 ]_1
T2 -1
WhHp3 = [Tﬁz * (Crp+2%Cyy )]

Wyp1 = [(Rc Il RL) * MZ]_l

Knowing that we set C,, = C,; = 1.9pF, C, = Cpy = 41pF we can find the values of our high
frequency poles.

rad
Wrpz = [(50 +3600) Il 27k Il 33k Il 1600) * 41p + 2« 1.9p ]‘1 = 21'6MT = 3.44MHz

[ 1600
©Hp3 T 171130

wyp1 = [(2.7k || 50k) * 41p]~* = 9.52Mrad/s = 1.5MHz

-1
*(41lp+2+19p )] = 1830M rad/s = 291MHz

Seeing that poles 1 and 2 are within a decade of each other its reasonable to say they will
both contribute to the high frequency cut point, however the 3 pole is almost 2 decades
larger and will most likely not have much of an effect, therefore we can estimate the high cut
frequency as:
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L ) + (sm) = 871 radss = 139w
o osam) =8 rad/s = 1. z

21.6M

And previously we approximated the low frequency cut point as:

1 2 1 2
) — 1333.5rad/s = 212.2Hz

Wizas (34.08 . CE> *\2400 * ¢,

BRI e |
—— =B | 2 gt =)o e
B0dE
200°
9.7525299K 2, 15,7745
1048 / SN 2651E9MHZ 2271470748
6204762, 32, 60210108 ———— et wH3dB - 160°
WLIIB / /\\ ’ \ )
' \ S \
y | e 7 \
0dB-| *—W g | / VAR L 1200
y: \ | 3.0456216MHZ 33.01303848 N
I
4045 { \ | / A ’ o
/ “]HDIHHHZL‘H?HMMB / TARNS - 8o
/ { \ Wip3 / / \
\ / / %
5048 v / / . F a0
\ / / \
\ Z9.048232MHz 141419098 ;1\ LY
WhpZ / A
3721667822, 002081148 / A
2048 W / / W, [E—
| 2 / z
| / VAR
| 1.3659326H2,.2.6060648 / A
160d8] Wip2 371.13201MHz, 3047192948/ FA L a0
1556901 TmHE, 21.564408 Whp3 /
Wipt / /
E / / t 80
AS4BIERIGH 91 10450508/
4048 35.343460GH2 133 8306408 12
Wiips
28048 1607
ey g et-200°
10uHz 100pHz 1mHz 10mHz 1Hz 10Hz 100Hz 1KHz 10KHz 100KHz 1MHz 10MHZ100MHz 1GHz 10GHz100GHz 1THz 10THz 10pHz imHz  100mHz 10Hz 1KHz ~ 100KHz  10MHz 1GHz  100GHz  10THz

Figure 1-4: Bode Plot of Cascode amplifier Magnitude plot (left), Phase plot(right)

As seen in figure 1-4 the measured 3dB cut frequencies of my amplifier are 222Hz and
3.04MHz for low and high respectively, and the midband gain is measured to be 35.7dB =
60V/V. When compared to my calculated values of 212Hz and 1.39MHz we can see that the
low frequency assumption for dominant pole was very accurate and for the high frequency
pole our estimate was less so. However, both values fell within a reasonable range of the
measured values and by simulating we learned that we have a longer bandwidth than initially
assumed which is desirable in an amplifier.
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Part C — Saturation point

OUTPUT VOLTAGE VS INPUT

As can be seen in Figure 1-5 the VOLTAGE (RMS)

output voltage tends to reach
saturation around the point where the
input voltage starts supplying 70mV
RMS ~ 100mV peak as was
explained in mini project 2, after this
point the voltage stops increasing in a
linear manner because the transistor
supplying the output voltage has
reached saturation.

VOUT RMS(V)
= N w B (9]

o

0.00 0.01 0.03 0.04 0.06 0.07 0.08 0.10 0.11 0.13 0.14 0.15 0.17
VIN RMS (V)

Figure 1-5: Input voltage vs output voltage curve

Part D — Input and output
impedance

Our calculated input impedance at midband was (R; I| R, I| (1)) + R4 = 5044Q

Applying a 1mV voltage source to our input after removing the source impedance and
measuring the current through that source to determine impedance by ohm’s law Z = % I

found the measured input impedance to be 54050 meeting our amplifiers input impedance
parameter of being greater than 5000Q

At mid band our output impedance is primarily dependant on Rc and the transistor output
resistance ro, in our case we assume ro is sufficiently large enough to act as an open circuit
meaning our output resistance should be approximately equal to Rc = 2700Q

Applying a 1mV voltage source to our output after removing the load impedance and

measuring the current through that source to determine impedance by ohm’s law Z = ; I

found the measured output impedance to be 2710Q meeting our amplifiers output impedance
parameter of being 2500Q + 2500
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Part 2 Cascaded Amplifiers:

Vec

We are initially given the circuit shown in

figure 2.1 and asked to design one that Rb1 Re1

meets the following specifications: . " 0

At midpand it should have an input and @ a , ce2 w
output impedance of 50Q + 5Q , the low ¢ .
frequency cut point should be before 100Hz, w | ., ia m
and be built using 2n3904 npn transistors. R c

Part A — Biasing )

In order to bias our amplifier, we first need to _

. . . . Figure 2-1 Cascaded common base/common collector
look at our circuits midband small signal Repeater
equivalent model

From this model we can see that the b1 vl B2
input impedance Rel Wiz ”
gm1*Vpil gm2*Vpi2
500 = Ryy = (2) I R
o 1 + ,8 E1 Vin +—\Vout

Re2
R

Figure 2-2 Midband equivalent circuit

(L)*ﬁ"@:ﬁ”@fvﬁ
1+8/) Iev g1 g g g

Assuming that Ve1 is sufficiently larger than Vr

Knowing that V; = 25mV we can find Iz; = 0.5mA

. Rcq+ Rcq+ R Vr*R
And our output impedance 50Q = R,,; = CiT;,”z | Rgy = C;T;’” = (ﬁ %)
E2



Mini project 2 Andrew Munro-West 18363572

Knowing Iz, we can begin biasing our circuit using 1/3'
rule on the dc equivalent circuit.

Q
%)
>

DC cascaded amplifier

Knowing that Vcc = 12V, Iz; = 0.5mA, and by using the Vi
B = 130 found in the previous part, 1/3" rule gives us the @
following: 12
Rb1 Rcl ~
2 R R s
VEl = 4‘V, VBl = 47V, VCl = VBZ = _VCC = 8V, E Vb2 Q2
3 CM2N3904
VEZ = VBZ - 07 = 73V, . Vb1l Q1 g
CM2N3904 -~
11 = O.lIEl = 0.0SmA, Ibl = 1 T B * O-SmA = 3.8‘LLA Rb2 Re]_g Re2
R R R
ICl = aIEl = 0.4‘96mA
~
Ry = 27 1 46k0,Ryy = — = 101.7k0)
b1 = 0.05ma ~ 2 T Ty . ’ N
_ 4 _ _ 1 _ 1 Vg Figure 2-3 DC equivalent circuit
Rg1 = Igs 8k, Ipz = i Ig, = 1+B Rgy |
_ 12-8 4 Rc1 | 0.025+Rpz) _
Rey = Ici+lpz  0.496mt+—0o (131 + 7.3 ) 50

131+Rf,
Solving the system of equations, we find Rg, = 431Q,R;; = 6356

Determining capacitor values is significantly easier, we know the input and output impedance
of our design, so we know the resistance seen by both of our coupling capacitors during low
frequency analysis, if we make Cg big enough that it shorts before Ccui. If we set Cc1= Ccz2and
decide that they will be the dominant poles, then we can make the following approximation for
the low frequency cut

1y 1
1000Hz * 21 2 w1305 = \/<Cc| - 50) " (Ccz - 50)

CCl = CCZ = 4’501,LLF

2

Assuming Cs will short first we can set its value significantly higher to impose this. | chose Cs
to be 22uF initially. Experimentally | found that Cs could be lowered to the 1uF level without
causing the low cut to happen above 1000Hz
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Part B — Standard values & impedance matching

Substituting in standard values for resistors
and capacitors and then testing my circuits
input and output impedance | found that they
didn’t meet specifications. Rin was 36 and
Rout was 504. In order to fix this low input
impedance, | increased Re1 to 12kQ this ch1

Vcc

increased my input impedance to 500 and é 022
increased the output impedance to 540
meeting the specifications.

Midband gain without load and source
impedances was measured to be 40.183dB
or 102V/V

Rb2 Rcl o
100k 6.2k >
Vb2 Q@
g CM2N3904
cc2
i Vb1 Q1 4 T Vo
CM2N3904 5_'(;”
° Re2
ccl 430 RL1
Rb1 in 50
150k 5.6p1
Rsl
Rel 50
12k
vil
=7 ~ AC1

Figure 2-4: Finished circuit.

Part C — Bode plot & low-cut matching

200°

Simulating the circuit and observing the bode
plot and then lowering the value of Cs | found
that you can lower Cg as low as 0.022uF at
which point the low-cut point is just below
1000Hz. However, the condition is that Cs
must be as low as possible without changing
the low-cut point. | found this point to be at
about 0.22uF

= 160°

= 1207

[

F 400

~-120°

—-160°

-200°

40dB-

20dB

0dB+

-20dB+

-40dB

-60dB+

-80dB

-100dB-{

-120dB-{

-140dB-{

478.63009Hz,24.995275dB  4.4668359MHz,24.960879dB
WL3dB WH3dB

160dB-]

T T
10mHz 100mHz 1Hz

Figure 2-5: Bode plot of cascaded amplifiers
Magnitude(bottom)& Phase (top)

T T T T T T T T T
10Hz 100Hz 1KHz 10KHz 100KHz 1MHz 10MHz 100MHz 1GHz 10GHz

10
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Part 3  The Differential Amplifier:

Using the techniques, we learned in class we must design a differential amplifier, replacing
the ideal current source with a current mirror for a more realistic realization of the design. We
are given all the information needed to build the amplifier. In order to build the current mirror,
we will need to make some observations. In order to decide the value of the reference resistor
Rret of the current mirror we need to determine the current lrer. because we are building this
current mirror out of 2 identical transistors we can use the equations we learned in class to

find ler =1, * (1 + %) where lo would be the current of our ideal current source, in this case it

is about 2mA since the currents leaving I5; = Iz, = 1mA. Using 8 = 300 as it is the transistor

model’'s maximum possible f and Vse = 0.7V we see that I,.., = 2.013mA =~ 2mA giving us a
_ 0—(-15+0.7)V _

Ryer = —————= 71500

We weren’t given a load or source impedance, so | added an arbitrary load resistance of

10kQ and a source impedance of 5002 in order to better match what we did in class. The load

resistance of 10k() is meant to be a general approximation of the input impedance of another

differential amplifier.

Part A — Wiring and Bode plots

180"

150

120

—( Vcc+

- 90

- 60

30

- -30°

- 60"

90

40dB+
30dB

20dB+ 10.773929KHz,42.409699dB
Midband 12.302688MHz,39.419266dB

WH3dB

10dB

Q4
CM2H 3904

0dB+

-10dB~

2048
v2 30dB
> 40dB-

50dB~

cc:

60dB
R T T T T T T T T T T T T T T 1
1mHz 10mHz 100mHz  1Hz 10Hz  100Hz 1KHz 10KHz 100KHz 1MHz 10MHz 100MHz 1GHz 10GHz 100GHz 1THz

Figure 3-1: Bode plot of differential amplifier phase (top) and
magnitude (bottom)

As shown by the bode plot our midband
gain is approximately 42.4 dB = 132 V/V and our high frequency cut point is at about 12.3
MHz.

11
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Part B — Comparison of calculations

In order to calculate the high frequency cut point and the differential gain | first took the dc
operating point of my circuit in order to determine the g, gm, C,, C;, and r;values for the 2
identical transistors responsible for the differential amplifier. Using the small signal
parameters given by LTspice after running a dc operating point analysis, | get § = 120, gm =
0.041,7; = 3500Q, C, = 23.5pF,C, = 1.9 pF

In order to calculate the high frequency poles of our differential amplifier we first build the high
frequency model of our circuit.

Rs1 Cmu
| >
50 19p
%RC
. 10k RL
Vsl : i B1
C) 2 vpi ?km' _|Cpi/2 GD ‘%7 10k .
— 11.75p
Vv ) gmvpi RC
10k
Crlll'lu
i E>
19p
Figure 3-2: High frequency model
From this circuit we perform a miller transformation
Rs
A » >
50
Rc
. 10k RL
L Vs T 2pi Cpi/2 Cmu/2*(1k Cmu/2 *(1-1/ k) B1 10k
C) 2 Vpi -_ —-— == == C* Vo
— 11.75p c C
v - gmVpi Rec
10k
>

Figure 3-3: Miller equivalent model

From this miller transformation we can see that the equations of our high frequency poles are
-1
Wypy = ( (1 k)] « 21 || Rs) = 141.4M % = 22.5MHz and
-1

Cy 1 rad
Wypy = (? * (1 - E) * RL Il ZRC) = 15674MT =249MHz

2 2
G|V|ng (wH3dB)—1 =\/< L ) +< ! ) <. Wy3dp = 105M%= 16.7MHz

WHp1 WHp2

12
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RL
RL+2Rc

Where k = —gm * R * = —136.6

Altering our high frequency model by opening all the capacitors we obtain the midband model
and can see that the differential gain

Ay = —gm+ Re (02— () = —135.7 ©

2rz+Rs) \RL+2Rc
5 - 0
50 %RC
10k RL
+ Bl
L Vs 2 Vpi 2rpi C%ID -7|7 10k Vo
O e "
v - gmvpi Rc
10k
>

Figure 3-4: Midband equivalent circuit

When we compare our calculated values to the measured values obtained from our bode plot,
we can see that our calculated values are very close to our measured and are an accurate
approximation of our final circuit.

For the sake of completeness, | also found the mid band gain for no load to be about 370V/V
with a high 3dB point at 4.5MHz measured and 407V/V and 36MHz calculated.

Part C — Differential output voltage

By setting my input voltage source to a midband frequency of 10kHz and then setting up my
simulation to step through amplitude values from 0 to 250mV | plotted and observed the point
where the output sinusoid begins to flatten and stops reflecting the original perfect sinusoid of
the input source. | found the point where the output signal viewed in the time domain became
nonlinear to be at an input voltage of approximately 25mV Peak = 50mV difference between
the 2 sides of the differential amplifier.

7

3-
2---

u
u
0.
0.
0.
0.
0.5
0.
0.
0.
0.
0.

0

Om 50m 100m 150m 200m 250m 300m 350m 400m 450m 500m
Vin

Figure 3-5:Vin vs Vout peak to peak

13
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Part 4 The AM Modulator:

We were given an Am modulator circuit' and asked to apply several different source signals
and observe the output signals. We were first asked to supply a 1kHz sine wave signal, then
to observe what would happen with different signal amplitudes between 10mV and 100mV.
We then repeated the process with a square wave instead of a sine wave.

Part A — Differential output observations

4.2V
3.5V
2.8V
FAVEH
1.4V
0.7V
0.0V
0.7V—
1.4V
-2.1V
-2.8V
3.5V

A2V T T T T T T T T T
0.0ms 0.3ms 0.6ms 0.9ms 1.2ms 1.5ms 1.8ms 2.1ms 24ms 2.7ms

Figure 4-1: Amplitude modulation example of 1kHz carrier and 100kHz signal

As we can clearly see in figure 4.1, we have a signal which consists of a high frequency
sinusoid whose amplitude is dependant on a second lower frequency sinusoid. This is a
modulated wave where the smaller 1000Hz signal is carrying a larger 100kHz frequency
signal.

Part B — Varying input amplitude

3.0v-

e o i
-~ MNWWWWW»»«WWWM -

nnnnn 0.6ms 0.9ms 1.2ms 1.5ms 2.7ms

5
:

g2 2

Figure 4-2: a comparison of 30mVpk signal(top) and 100mVpk signal(bottom)

As the input amplitude increases, we eventually begin to see clipping in our output as we
would expect. Experimentally | found the amplitude where clipping begins to be at about

1 Appendix figure 2
14
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86mV. It can also be observed that the valleys of the modulated sinusoid get closer to O as
the input amplitude increases. If we were to continue to increase the voltage, we would also
see that the clipping of the signal begins to take the form of a sinusoid as shown in the
appendix.

This signal being able to carry another signal is particularly interesting to me as, if I'm
understanding it correctly, it means you can potentially send out a signal of information within
a carrier frequency and have a receiver filter out signals of different frequencies in order to
only capture the carrier frequency and then decompose the signal being carried into back
information.

Part C — Square wave

B
M u

0.0ms 0.3ms 0.6ms 0.9ms 1.2ms 1.5ms 1.ams 24ms 2.4ms 2.7ms

a A

H

Figure 4-3: A comparison of 10mVpk signal(top) and 100mVpk signal(bottom) square wave input

As expected, the modulated wave became similar in shape to a square wave, mimicking the
input signal that is now a square wave. This is desirable seeing how when the signal reaches
saturation we don’t see a dip at the peak, everything remains flat. Experimentally | found the
point of saturation where the signal begins getting clipped to be about 86mV which is the
same as for a sinusoidal signal.

Conclusion:

Throughout this project we simulated and tested 3 types of amplifier configurations using npn
transistors.

We biased, designed, and simulated a cascode amplifier using the 1/4™ rule. Then we
calculated the expected cut frequencies and midband gain values and compared them to our
simulated values. Comparing the 2 sets of values we validated our equations as an accurate
approximation of the cascode amplifier. We then measured the input and output impedance
and the saturation point of our cascode amplifier to prove that our design met specifications
and operated as intended.

We designed a common base common collector repeater to have an input and output
impedance of 50 Q. Using the 1/3" rule to bias the common base amplifier and then the
common emitter we gained experience manipulating the equations and making educated
assumptions to simplify the math and find a general approximation for the values of resistors
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and capacitors to meet the requirements. We then simulated and adjusted our design in order
to use less expensive components and better meet the specifications.

We used the techniques learned in class to design a differential amplifier with current mirror.
We simulated and measured the midband gain as well as the high frequency cut point and
compared them to our calculations. Our calculations managed to hold up to the simulation
being able to stay within an order of magnitude of the measured values.

And finally, we built an AM modulator circuit and simulated it to see how different signals
change when passed through an amplitude modulator. This felt more like an introduction to
amplitude modulation and showed the potential of what can be done with differential
amplifiers.

Overall | feel like | learned a fair bit about the design process, part 2 specifically showed that it
can be much more efficient to simplify the numbers and find a general approximation that is
easily fixed through simulation and that through simulation we can better meet our design
specifications and reduce costs of a design.
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Appendix:

Vi

Figure A-0-1: DC equivalent biased cascode
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Figure A-0-2: provided AM modulator circuit
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Figure A-0-3: 200mVpk sine wave signal for part 4c
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