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© CE Small-Signal Analysis (AC Gain)
@ The CS Amplifier Circuit
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@ Two-Port Network Model

© BJT vs MOSFET Comparison
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The CE Amplifier Circuit
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The CE Amplifier with Voltage Divider Bias
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CE Large-Signal Analysis
(DC Bias)
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Capacitors as Open Circuits at DC

@ For DC analysis, coupling

] Vee
capacitors (Cin, Cout) are open
circuits Rc
R

@ Large capacitors block DC '

current: Ic = C-dV/dt =0 at o

DC '
@ This disconnects v;,, R;,, and A

R, from the circuit :
@ Only the bias network (R, Ry)

and R¢ remain

Key idea: At DC, the amplifier
reduces to a simple bias circuit
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Thévenin Equivalent of the Bias Network

Step 1: Remove @ from the base

v,
node. e
Step 2: Open-circuit voltage Re
(voltage divider):
R
R Q
_ L2
Vias = Vcc Rt R Veias

Step 3: Short V¢, find resistance:

Ri- Ry

Ry = R{||Ry = ————
TH 1| R2 R T R
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Finding the Q-Point

KVL around the base—emitter loop:

Veias = I - Rt + Ve
Since Ic = (I, substitute Ig = Ic/3:

c
VBias = 5 Rty + VBE

Problem: Vg depends on /¢ (exponential relationship), so we
must solve iteratively (as in Lectures 7-8)

Iterative approach:
© Guess Ve = 0.7V = solve for I¢c
@ Update Vg using Vge = Vrin(lc/ls)
© Repeat until Vgg converges

Collector—emitter voltage:

VCE:VCC_/C‘RC‘
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CE Q-Point Summary

CE Amplifier Q-Point

_ B (Veias — Vee)
Rt

Ic

Vee = Viee — Ic - Re

R,

Vase = Ve o ——2
BIAS cc Rt R,

Verify: Vcg > Vg to confirm the transistor is in forward
active mode
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CE Small-Signal Analysis
(AC Gain)
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Capacitors as Short Circuits at AC

@ For AC small-signal analysis, coupling capacitors are short circuits
o At signal frequencies: Z¢ = 1/(jwC) =~ 0 for large C
e DC voltage sources (V) are also shorted to ground

Result: C;, connects v;, directly to the base network; C,,+ connects
Ry directly to the collector

Small-signal model parameters (from Q-point):

g:/_c rzﬁ r:ﬁ
"oV - ° e
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CE Small-Signal Equivalent Circuit

Vin Ry|| Ry vy Tr ImVbe To Re Ry

Ri||R2 at input, r, from base to emitter, gnvpe controlled source, r,||Rc||RL at
output
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CE Voltage Gain Derivation

Step 1: Input voltage divider determines vp,:

Voo = Vi Ry Ra||rx
" R+ Ri||Ra|rr

Step 2: Output voltage from controlled source:

Vout = —8m Vbe * (roHRCHRL)

Step 3: Overall voltage gain:

Vout R1||R2||r7r
A, =t o TRl iRR
Vin & Rin + R1HR2||r7r (ro” CH L)

Negative sign = CE amplifier is inverting
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CE Gain — Simplified

If Ry||R2 > rx (typical for well-designed bias):

Ri||Ra||rr = rx

Simplified voltage gain:

rﬂ'
- (RellRu)

A R —8m 55—
& R+ ry

If additionally r, > Rc||R. (often true):

rlRCIR. ~ RellR.

The gain is set by g, the input voltage divider (r; vs Rj,), and the
output parallel resistance (Rc||R.)
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The CS Amplifier Circuit
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The CS Amplifier with Voltage Divider Bias

Vbp

I I o Vout

] VB1as
|
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CS Large-Signal Analysis
(DC Bias)
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Capacitors as Open Circuits at DC

@ Same principle: C;, and C,,; are
open circuits at DC

Vbp
@ Disconnects vj,, Rip, and R, R Rp
1
@ Only bias network (R, R2) and
Rp remain My

Key difference: /g = 0 for a

MOSFET, so Rty has no effect Re
on the gate voltage!
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Thévenin Equivalent of the Bias Network

Same Thévenin procedure:

Vbp
R>
Veias = Vop - 5——% R
R+ Ro b
Ic =0
Rt = Ri||Rx Ry ———
My
Since I = 0: VBias

Vs = VBias — I - RTH = VBias

No voltage drop across Rry!
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Finding the Q-Point

Since Ig = 0:

R>

Vs = Vias = Vpp - R+ R,

Drain current (saturation region):

Kn
Ips = > (Vs — Vin)?

Drain—source voltage:

Vps = Vpp — Ips - Rp

No iteration needed! Unlike the BJT, Vs is known directly from
the voltage divider. Just plug in and solve.
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CS Q-Point Summary

CS Amplifier Q-Point

R>
Ves = Vip - —2
GS oo R
K,
Ips = > (Vs — Vin)®

Vps = Vpp — Ips - Rp

Verify: Vps > Vs — Vi to confirm the MOSFET is in
saturation
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CS Small-Signal Analysis
(AC Gain)
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Capacitors as Short Circuits at AC

Same principle as BJT case: capacitors become short circuits at AC
DC source Vpp is shorted to ground

Cin connects v;, directly to the gate network

Cout connects R, directly to the drain

Small-signal model parameters (from Q-point):

1
Alps

gm:Kn(VGS_VTN) ro =

No r;! The MOSFET gate draws zero current = infinite input
impedance
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CS Small-Signal Equivalent Circuit

Rin G (open — no ) D

Vout

Vin Ry||R2 vgs ImVgs To Rp Ry

R1||R> at input, gate is open (no ry), gmVgs controlled source, ro||Rp||Ry at
output
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CS Voltage Gain Derivation

Step 1: Input voltage divider determines vgs:

Ri||R>
Rin + Ri|| Rz

Vgs = Vin *

No r; in parallel! The gate is an open circuit, so only R;||R> loads
the input.

Step 2: Output voltage:

Vout = —8m Vgs ° (rOHRDHRL)

Step 3: Overall voltage gain:

A, = Yout _ Rk
Y i Em Rin + R1||R2

(rollRpl|Re)
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CS Gain Summary

CS Amplifier Voltage Gain

R{||R
Av:_g IH =

2 (r,||Rp||R
Rin_'_R]_HR2 (r || DH L)

o Simpler than the BJT CE gain — no r; term in the input divider

o Infinite gate impedance means R;||R> can be made very large without
loss

e Still inverting (negative sign)
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Two-Port Network Model
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What is a Two-Port Network?

v Amplifier Vo

Input Port Output Port

@ A two-port network is a “black box” with an input port and an
output port
o For a voltage amplifier, fully characterized by three parameters:

@ Input impedance Z;,: resistance looking into the input
© Output impedance Z,,;: resistance looking back into the output
© Open-circuit voltage gain A,,: gain when R, = oo

@ Our small-signal amplifier models are two-port networks
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Voltage Amplifier Two-Port Equivalent

Zout Vo

AvoVi RL

The overall voltage gain is a product of three factors:

A — Vo Z; A Ry
y=— == A —
Vs Rin + Zin Zout + RL
—— —_———
input divider output divider

Once you know Zj,, Zoyt, and Ao, you can find the gain for any
source and load
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Deriving the Input Impedance Zj,

Method: Disconnect the source. Look into the input port of the
small-signal circuit.

DC supplies are AC ground; capacitors are short circuits.

CE (BJT) CS (MOSFET)
base gate
look in look in - —7//(;:0
Ri n Ry Ry

2= Rillels]

The MOSFET's infinite gate impedance means r; does not load the
input = CS has higher Z;, than CE

Dr. Lau (University of Kentucky)
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Deriving Z,,: and A,

Zout: Zero the input (Ve = 0 or vgs = 0), so gm - 0 = 0 — controlled
source turns off.

Look back into the output port.

CE (BJT) CS (MOSFET)
8mVbe =0 8mVgs =0
collector drain

look in look in
Re ro Rp ro
Loyt = roHRC Loyt = roHRD

Avo (open-circuit gain): Set R; = 0o. Since vpe = Vv; (Or Vgs = Vj):

Ve = _gp Vv -2 Ao =g, 7
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CE and CS Two-Port Parameters

Parameter | CE (BJT) | CS (MOSFET)

Zin Ri||Rz||rx R1||R>
Zout roHRC ro”RD
Avo —8m (roHRC) —8m (roHRD)

Key difference: The MOSFET gate draws no current = no r;
loading the input

CS amplifier has higher input impedance than CE

Finding Z,,:: Zero the input (vpe = 0 or vgs = 0), short DC
supplies to ground,

and na_1n all KIN DACK INLO LN
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BJT vs MOSFET Comparison
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CE vs CS Amplifier — Side-by-Side

Property BJT (CE) MOSFET (CS)
Bias voltage Viias = Ve R1’<?F2R2 Viias = VDD%
Effect of Ry Drops voltage (/g # 0) No effect (/¢ = 0)

Q-point method

Iterative (exponential)

Direct (square-law)

Input impedance Ri||Rz|| Ri1||Rz (infinite gate)
.. Ri|| Rz || = R1||R>
Input divider -— -
b Rin+ Rl Rollrx R+ Ril[Ro

Gain

—8&m - (div) - (ro|[Re|[Re)

—8&m - (div) - (ro|[Rp||Rv)

Same structure, but the MOSFET s infinite gate impedance
simplifies both bias and gain analysis
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SPICE Verification
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CE SPICE Verification — Q-Point

* CE Amplifier - Operating Point N
.options TEMP=28.42 TNOM=28.42 Analytical | SPICE
VCC vcc 0 DC 10
R1 vcc base 200k

T4 e Beas 20 lc | 3.96mA | 3.96mA
Q1 col base O NPN1

RC vce col 1k Ve 0.694 V 0.694 V

.model NPNi NPN(IS=le-14
+ BF=100) Ve 6.04 V 6.04 V v

.end

AN

\

SPICE confirms our iterative Q-point solution — values match
exactly
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CE SPICE Verification — Voltage Gain

s CE Amplifier — SPICE Transient Verification

1.0
0.51

0.04

Vin (MV)

—0.51
~1.04
=15

504 Analytical A, = -54.5

SPICE A, = -54.6
251

Vout (MV)

0.60 0.65 O.ELO O.iS 04'20 O.éS 0.50
Time (ms)

Analytical | SPICE
Ay —54.6 —54.6

Dr. Lau (University of Kentucky) EE461g: Introduction to Electronic Circuits



CS SPICE Verification — Q-Point

* CS Amplifier - Operating Point N

VDD vdd 0 DC 10 Analytical | SPICE

R1 vdd gate 400k

R2 gate 0 100k

M1 drain gate O O NMOS1 /DS 4.00 mA 4.00 mA | v
+ W=1u L=1u

RD vdd drain 1k VGS 2.00V 2.00V v
.model NMOS1 NMOS (KP=8m

+ VTO=1 LAMBDA=0) Vs 6.00 V 6.00V | v
.end

SPICE confirms the direct Q-point calculation — values match
exactly

Dr. Lau (University of Kentucky) EE461g: Introduction to Electronic Circuits



CS SPICE Verification — Voltage Gain

15

CS Amplifier — SPICE Transient Verification

1.0
0.51

0.04

Vin (MV)

—0.51
~-1.04

-15

Vout (MV)

Analytical A, = -7.2

SPICEA, =-7.2

0.60

Dr. Lau (University of Kentucky)

0.65

O.ELO O.ElS

0;20

Time (ms)
Analytical | SPICE
Ay —7.2 —7.2
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SPICE Verification — Summary

All analytical results confirmed by SPICE — exact match
for Q-point and gain

Numerical Two-Port Parameters from SPICE Circuits

Parameter CE (BJT) CS (MOSFET)
8m 152.4 mA/V 8.0 mA/V

rr 657 Q o0

ro oo (no Va) oo (A=0)

Z Ry||Ro|lrs =650 Q | Ry||R, =80 kQ
Zout ro||Rc = 1.00 kQ | ro||Rp = 1.00 k2
Ao _1524 ~8.0

A, _54.6 ~7.2

CE has much higher g, (and |Ayo|), but its low Z;, causes

Dr. Lau (University of Kentucky) EE461g: Introduction to Electronic Circuits




	The CE Amplifier Circuit
	CE Large-Signal Analysis (DC Bias)
	CE Small-Signal Analysis (AC Gain)
	The CS Amplifier Circuit
	CS Large-Signal Analysis (DC Bias)
	CS Small-Signal Analysis (AC Gain)
	Two-Port Network Model
	BJT vs MOSFET Comparison
	SPICE Verification

