CHAPTER 1

Signals and Amplifiers
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Fig.1|The history oftransistor technology. All major transitions from
vacuum tubes to BJTs, and eventually to MOSFETs, have been primarily driven
by the need to reduce power consumption. Four major non-traditional FET
scalingtechnologies, thatis, SOI, strained channel, HKMG and FinFET are
shownaccordingto their commercialization time, corresponding to the
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minima; E,, valence band maxima; IBM, International Business Machines; UCSB,
University of California, Santa Barbara. Transistor count dataare from https://
en.wikipedia.org/wiki/Transistor count.
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1.1 Signals

* Resistance (R, (1): Zg = R Linear circuit textbook:
« Capacitance RT PP.274 Roland E Thomas (RT), e.g.
 C.F-Farad Angular frequency the analysis and design of
’ N n r?d'a”S/S linear circuit, 8t edition
— Resistance: Z, = W = an
]a)C -
re uenc
o Inductance RT PP.282 | in
— L, H-Henry 7

(1)
— Resistance: Z; = jwL, w = 2nf '

di,(t) +
L
v (D) = L—r= Ep
zc(r) J; I ic(f) °
velt) L (0 = Cdvc(t) (b)
¢ dt FIGURE 6-9 (a) Magnetic
flux surrounding a current-
carrying coil. (b) Circuit
(b) symbol showing inductor

current and oltage.
FIGURE 6-1 The capacitor:
Electronics (@) Parallel plate de ice. Dr. XY University of Houston, Clear Lake
(b) Circuit symbols.



* Things will be used from linear circuit class

KCL, KVL: RT PP.23
Equivalent circuit: RT PP.41, Fig. 2-37
Voltage and current division: R'T PP .42

Thévenin and Norton Equivalent Circuits: RT
PP.107

... Catch up the 1~4 chapters
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* Kirchhoff’s Voltage Law (KVL)

— The algebraic sum of all the voltages around a loop 1s zero

at every instant.

» Kirchhoff’s Current Law (KCL)

— The sum of the currents entering a node equals the sum of
the currents leaving the node.

« RT PP. 23

R

FIGURE 2-38 A voltage
divider circuit.

Electronics Dr. XY

FIGURE 2-44 A current
divider circuit.
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« Equivalent circuit RT PP.41, Fig. 2-37

Series

R R,
.H|_+H2

Fgi+¥ga

Electronics

Dr. XY

FIGURE 2-37 Summary of
twea-terminal equivalent circuits.

Consider one resistor in
series/parallel with one capacitor?
 Inseries:Z=R+1/jwC

* Inparallel: Z =5 1
gHiwc
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* Voltage division RT PP .42

—In a series connection, the voltage across each
resistor 1s equal to its resistance divided by the
equivalent series resistance of the connection
times the voltage across the series circuit.

Vs = 14 + %) + (%! (KVL)

. . ) ! Ry
Vs = R{i + Ryi + R3i (Ohm’s law) ERaYYY
Vs + v —
' RitR.AR R N
1TR2 T3 <t> Vs S Loop\ V2 §R2
. R1 - "/ -
thus vl = Rll = US — V3 +
Ri+R,+R;3
AN
R R, R
Uy = Ral = Us
Ry + Ry + R FIGURE 2-38 A voltage
3 divider circuit.
V13 = R3i = ( 1%
Ri+R,+R;
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e Current division RT PP .42

— In a parallel connection, the current through each
resistor 1s equal to its conductance divided by the
equivalent parallel conductance of the connection
times the current through the parallel circuit.

is =iy + iy + i3 (KCL)

i¢ =V/Ri+v/R, + v/R; (Ohm’s law) @

. 1 * o
V= lS 1/R1+1/R2+1/R3 rlll fzil ff"l N

. _ 1/R4 . is G>R1§ R, R v
thus iy = v/Ry = (1/R1+1/R2+1/R3) S _
= y/R. = 1/R, : ’
L= VR =\ TR T1/R, + 1Ry 5 =

FIGURE 2-44 A curren

T U/R — 1/R3 i divider circuit. f
3 > \1/R,+1/R, + 1/R5) ¢
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e Thévenin and Norton Equivalent Circuits

— If the source circuit in a two-terminal interface 1s linear,
the interface signals v and i don’t change when the source
circuit 1s replaced by its T/N equivalent circuit

+ RT PP. 107 )
5
i
+
| O
S Voo L
T® v
Source Interface Load
FIGURE 3-41 A wo-terminal O
interface. ;
- 0@ §n
O
Figure 1.1 Two alternative representations of a signal source: (b)

Electronics

(a) the Thévenin form; (b) the Norton form.
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 How to find v+ /iy and R?

— Open circuit for Thévenin vy

— Short circuit for Norton iy

(a)

(b) (c)

FIGURE 3-43 Loads used to find Thévenin and Nonon egquivalent circuits: (a) Open circuit yields the Thévenin voltage.
(b} Short circuit yields the Norton current. (c) Measuring voc and isc using a DMM.
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e Find the Thévenin and Norton Equivalent Circuits.

vp = ——x 15V = 10V (OPEN LOAD)
1
iy =5 — X 34 = 0.5454A (SHORT LOAD)
15 10 '5
R ="T=18.30
IN

» Lookback resistance:
— Turnoff all the sources (RT PP. 115)

— @Grab terminals and walk into

15V m:;_}_
® i

Electronics

50

152 GD

®)

(a)

Load

Dr. XY

u

N
sa 150 (A) i=0

[
15V ? 1002 voc

l = o
®
(b)
183 0 ®
I
v Load
(®)

s 1sa @
+
—_— +
Y
l."'."v'\]:_)" =100 v=0 |f'ﬁ<'
-
(c)
®

Load




1.4 Amplifiers

* Linear amplifier

Ty

— Voltage gain A, = Zo

V1
. i, A
— Current gain A; = = (=) y
lr A /
. Voiy W i ®
— Power gain A, = =2 ()
Vg w Figure 1.12 (a) an amplifier fed with a signal v,(t) (b) Transfer

characteristic f a linear voltage amplifier with a voltage gain A,

* Gain 1n decibels
— Voltage gain 1n decibel: 20log A, dB
— Current gain in decibel: 20log 4; dB
— Power gain in decibel: 10 log A, dB
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Exercise 1.10

— An amplifier has a voltage gain of 100V/V, and a current
gain of 1000A/A. Express the voltage and current gains in
decibels and find the power gain

(a) voltage gain = 201log 100 = 40db
(b) current gain = 201log 1000 = 60db
(c) power gain = 10logAp = 101log(A,A;) = 50db

Electronics Dr. XY University of Houston, Clear Lake



1.5 Circuit Models for Amplifiers

Voltage amplifier — voltage-controlled (v;,4,,)

Open loop gain (4,,,) = the gain of the component all by itself, with all other
components removed. Ideally, infinite gain can be obtained by an 1deal amplifier!

Closed loop gain (4 ,)= the gain of the amplifier circuit as a whole,
from circuit-input to circuit-output, with all components intact.

General gain ((7,,)= the gain of the amplifier from voltage source to load.

l
V; = Vg X (R;>>R;,0r R; = )
Ry,
v, = A,,V; X
0 Vo™l RL RO
v :
A, =% =4 _FL_(RSSR orR—0) <
Vi R +R0
R R; -
G _ vo _ A L l Figure 1.16 (b) The voltage amplifier with
v T v_s — ‘'vo RL n RO Ri n RS input signal source and load.

Electronics
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* The four amplifier models

Table 1.1 The Four Amplifier Types

Type Circuit Model Gain Parameter Ideal Characteristics
Voltage Amplifier R i, Open-Circuit Voltage Gain R, =00
y v, R,=0
% A= =2 (VIV)
vy i li,=0
o _ .
Current Amplifier i; i Short-Circuit Current Gain R,=0
— _ —_— i R =00
g : A, == (A/A)
L |
SR Ady 2Ry | u i

1]

Transconductance i Short-Circuit Transconductance R, =00
Amplifier o >~ i R,=
) § 4 G, = o (A/V)
v; ‘: R!. va. E: Ro U, ily,=0
e _:-L 0
Transresistance i R b Open-Circuit Transresistance R, =0
. g (2 — e
Amplifier o - A s v R, =0
5 e R,= r_f (V/IA)
‘: R‘_ R,,,i':,' i i liy,=0
o 0

l||—<n




e Exercise 1.18

Consider i—o of a current-controlled current amplifier. Let the amplifier be
S

fed with a current-source i having a resistance R, and let the output be
connected to a load resistance R;.

l;‘ lo

. R . . R .

li = > lg lo= > A i -
i R R .

Thus, 2 = A, —o_&s (P &3

e Exercise 1.19

Consider Z—O of a transconductance amplifier (voltage-controlled current
S

amplifier). Let the voltage-source v having a resistance R, and the output
be connected to a load resistance R; . Rs

R

v = Ro+R; Vs Vo= Gy V; (Ro || RL)
1% R;

Thus, v_(; = Gm Rs+R; (Ro || RL)

Electronics Dr. XY University of Houston, Clear Lake



 Exercise 1.20

Consider v—" of a transresistance amplifier (current-controlled voltage
i p g

amplifier ). Let the amplifier be fed with a current-source i having a
resistance R, and let the output be connected to a load resistance R; .

. Rs . RL R .

l; = l vV, = l;

" R,+R;° ° R, +R, ™" 0
1% R R

Thus, —O = Rm L >
lg R;+Rp Rs+R;

 Exercise 1.21

Find the input resistance between B and G. The voltage v, is a test voltage

with the input resistance R;, defined as R;,, = v, /i,.
i B b C

Vy=Vp=ip T +(B + 1) iR, i) =1p
Thus, R;,= 'l’—x =1 +(B+ 1R,

L
From node
equation
atE

Electronics




1.6 Frequency Response of
Amplifier

* Frequency response: (inductance, capacitance)

Vo(jw)
- T(w )_V(Jw)

— gain magnitude |T(jw)| = |V°(’W)| in V/V, 201g|T(jw)| in dB

* Low pass filter, high pass filter: the band of frequencies over which the
gain 1s almost constant, to within 3dB.

« Single-time-constant (STC) network

— Contains, or can be reduced to, one reactive component (inductance or
<0 logﬂ T@l capacitance) and one resistance

Figure 1.21 Typical magnitude response of an
amplifier: |7(w)| is the magnitude of the amplifier
l | transfer function—that is, the ratio of the output
| . I .
le———Bandwidth———> V () to the input V(w).

|
|
|
|
w

Dr. XY University of Houston, Clear Lake
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* Frequency response — low pass filter

. 1 1
TV = =
]1/CR ‘Iwo

— Time constant: T = CR, 3dB/cutoff/coner frequence: wyg = 1/7

. 1
- [T(w)| =
/1+a)2/a)%

,then 20 log(|T(jw)/K]|) is d.c. gain, in this case

Kis 1.
e w=20,0dB
* w = wy —3dB
e w = 10wy, —20dB
e w=100wy, —40dB - loqy‘ @n)
A
3dB
R 0 —t —6 dB/octave
AAA—4—0 or
+ —20 dB/decade
~10 | /
- ———— 1_ _______
I
g O —30 T T = - f(;(log scale)
(a)
(a) Figure 1.23 (a) Magnitude response of STC networks of

Figure 1.22 Examples of STC networks: (a) a low-pass filter  the Jow-pass type.



* Frequency response — high pass filter
- T(jw) = —; -

1/CR — -_.®0

— Time constant: T = CR, 3dB/cutoff/coner frequence: wo =1/t

. 1
- [TGw)| =
/1+w5/w2

,then 20 log(|T(jw)/K]) is d.c. gain (K=1)

e w=o00,0dB
e w = wy,—3dB
T(jw)
e w= 01wy, —20dB 2010g [ 57| @n
A
e w=0.01lwy,—40dB |
OF 34dB
e $ Z
|
|| - |
0 10 - |
I I + +20 dB/decade I
Vv, R V, \—20 I
i —30 E 1 o O 1
= — = i 10 B wo(og scale)
(b) )

Figure 1.24 (a) Magnitude response of STC networks of
Figure 1.22 Examples of STC networks: (b) a high-pass filter.  the high-pass type.
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e Procedure:

— Find transfer function
» Matching the function: LP or HP
 Find the d.c gain: K (V/V) or 20 log(|T(jw)/K]|) starting at 0 dB
* Find the 3dB frequence: wg = 1/t in rads/s

— Draw the magnitude response graph (the slop will be 20dB/decade)

Table 1.2 Frequency Response of STC Networks

Low-Pass (LP) High-Pass (HP)
. K Ks
Transfer Function T (s)
I 4 (s/w,) s+ w,
. . K K
Transfer Function (for physical Tr o ﬁ
frequencies) T'(jw) + i) —J@yw)
= = ; LY K|
Magnitude Response |7 (jw)| — —
V 1+ (@lw,)? V14 (w/w)?
Phase Response ZT (jw) —tan (wlw,) tan | (wylw)
Transmission at w = 0 (dc) K 0
Transmission at w = oo 0 K
3-dB Frequency w, = 1/T; T = time constant
7 = CRor I/R
Bode Plots in Fig. 1.23 in Fig. 1.24
Electronics Dr. XY University of Houston, Clear Lake

Alternative way to find
time constant T:

1) Set voltage or current
source to zero;

2) Grab hold two
terminals of the capacitor
or inductor

3) Equivalent resistance R
between theses two
terminals. Then, T =

L
= 0T T = CR



 Example 1.5

— Input resistance (R;), capacitance (C;), gain factor(u), output resistance
(Rp). Voltage source (Vs and Rg), load resistance (R;)

(a) Find voltage gain (%) as a function of frequency. From this find

expression for the dc gain and the 3-dB frequency.

1 R;
Zi = Rill = = Ter.
i JWCiR;
R;
E _ Zi _ 1 +]WClRl . Ri 1
V. Z;+Rs R; "R.4+R 4, . R{HR
T Trjwer TR IHJO/TRE,
R, R,
T AN——O———4 0
+
Y. V: R.' p— Ci J'u'v: RL )

Figure 1.25 Circuit for Example 1.5.
Electronics Dr. XY University of Houston, Clear Lake



« Example 1.5 Cont.

: R
At the load side, we have V, = uV; —=—, so
R;+R,
R;
o_, R RAR R K 1
V. "R,+R . RRi "R, +R,Rs+R; R, +R;
S 01+JWC‘—RS TR oS 11+ jw/ C.R.R,

(Standard form for a low-pass filter/STC network)

Alternative way: Find equivalent resistance as Rg//R;, 7=C;(Rs//R;)

A _ _ R,  R;
The DC gain is 7 (w=0)= H R RotRy

The 3-dB frequency woy = 1/7=1/C;(R//R;)

R,
AA—O—— AMN—O——4 o
+
Vs Vi Ri == (; 1% Rp Vo

Figure 1.25 Circuit for Example 1.5.
Electronics Dr. XY University of Houston, Clear Lake



« Example 1.5 Cont.

(b) Find the values of the dc gain, the 3-dB frequency, and the frequency
at which the gain becomes 0dB for the case R¢ = 20K, R; =
100KQ, C; = 60pF,u = 144,R, = 2000, R; = 1KQ

74 y R, R; 1
V, RL+RORS+R11+jw/1ziI;;§iL
: Vo 1 100
(i) k= 7S(W =0) = 144 X —— X ——— =100V /V (or 40dB)
20KQ+100KQ . (20+100)x103

oo _ _ 6
1) wo = = = 10°rad/s
(i1) wg 60pFX20KOQX100KQ  60x10-12x20x100x106 /

Thus, f, = 10%/27=159.2kHz

(111) Since the gain falls off at the rate of -20dB/decade, the gain will reach
0dB in 2 decades, thus, unity gain frequency =

8
100w,=—2"2% 6115.92MHz

S

Electronics Dr. XY University of Houston, Clear Lake



* Experiment 1

1) Do frequency sweep till change in Ay, start to occur (using

both oscilloscope and bode plotter)

2) At what frequency (wy = 27 fy) does Ay = 0.707 (or -3db)

Table 1.2 Frequency Response of STC Networks

Low-Pass (LP) High-Pass (HP)
R . K Ks
STAVAY + Transfer Function T'(s)
1 kﬂ ..""D‘ | + (S'j(,du) s+ Cf)”
. . K K
Transfer Function (for physical TaiTinr T tado
Vs C—L0.1uF frequencies) T (jw) +J(eoleny) = J\y/co)
e : . K| K]
Magnitude Response |T'(jw)| —— —_—
- V14 (o/w,)? V I+ (@/w)?
= Phase Response ZT(jw) —tan ' (wlew,) tan ' (wy/w)
Transmission at w = 0 (dc) K 0
Transmission at & = oo 0 K
3-dB Frequency w, = 1/t T = time constant
t=CRor I/R
Bode Plots in Fig. 1.23 | inFig. 1.24
Frequency | 100Hz 300Hz 1kHz ? 10kHz 100kHz | IMHz
VD (P—P)
Ar @)
v (=
V

Ay (db)




* Experiment 2

1) Do frequency sweep till change in Ay, start to occur (using

both oscilloscope and bode plotter)

2) At what frequency does Ay = 0.5 X 0.707 (or —6db —
3db = —9db)

Table 1.2 Frequency Response of STC Networks

C R1 Low-Pass (LP) High-Pass (HP)
I I SYAYLY, s Transfer Function 7'(s) K - K
0.1uF 1kQ Vo L+ (/o) s+
g K K
Vs R2 Transfer Function (for physical TRl 1= itodan
§ 1k} frequencies) T'(jw) +ilwlo) —J(wfw)
. . K| K|
Magnitude Response |T (jw)| —_— S S
N 2 R 1+ (@lw,)? V14 (o, /w)?
JT— Phase Response £T (jw) —tan ' (wlw,) tan ' (wylw)
Transmission at @ = 0 (dc¢) K 0
Transmission at @ = oo 0 K
3-dB Frequency w, = 1/T; T = time constant
T =CRor L/R
Bode Plots in Fig. 1.23 | in Fig. 1.24
Frequency | 100Hz 300Hz 1kHz ? 10kHz 100kHz | IMHz
VD (P—P)
Ar )
v (=
V
Ay (db)




HWI1

Problems:
— PP.47, 1.19 — Circuits analysis
— PP.48,1.21 — AC circuits
— PP.50, 1.43 — Circuit models for amplifiers
— PP.54, 1.68 — Frequency response of amplifiers

Submission requirement:
— Add the cover page!!!

— Print the HW 1.pdf out and answer all the questions (download on the
blackboard)

Electronics Dr. XY University of Houston, Clear Lake
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