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Introduction: Radio spectrum or Frequency range chart

Frequency Wavelength Designation Abbreviation
3-30 Hz 105-10* km Extremely low frequency ELF
30-300 Hz 10%-10% km Super low frequency SLF
300-3000 Hz 103100 km [Ultra low frequency ULF
3-30 kHz 100-10 km Very low frequency VLF
30-300 kHz 10-1 km Low frequency LF
300 kHz-3MHz [lkm—100m |[Medium frequency MF
3-30 MHz 100-10 m High frequency HF
30-300 MHz 10-1 m Very high frequency VHF
300 MHz -3 GHz Il m—-10cm Ultra high frequency UHF
3-30 GHz 10-1 cm Super high frequency SHF
30-300 GHz lcm—1mm  |[Extremely high frequency EHF
300 GHz — 3000 GHz|l mm — 0.1 mm [Tremendously high frequency THF

il oo mals (Jlo )l dlus 5 5T Jsbo 5 (tal3l il sy (B rae (s cmSlo anze Gl a3 L
A oolaiwl 5 oS sl &l il sloo IS 4y Al acass gl (Wl 8 cnnlie gl
e Frequency Allocation Chart -Table of Frequency Allocation
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Introduction: Standard Radar Frequency Letter-Band Nomenclature

http:/ /www.radioing.com/eengineer/bands.html

Standard Radar Frequency Letter-Band

(IEEE Standard 521-2002; The next update is estimated for 2019)
Band Designator  [Frequency (GHz) [Wavelength (centimeters)
HF 0.003 to 0.030 10000 to 1000
\VHF 0.030 to 0.300 1000 to 100
\UHF 0.300 to 1 100 to 30.0
L band 1to2 30.0 to 15.0
S band 2 to 4 15t0 7.5
C band 4to8 7.510 3.8
X band 8to 12 3.8t02.5
IKu band 12to0 18 2.5to 1.7
K band 18 to 27 1.7to 1.1
IKa band 27 to 40 1.1t00.75
'V band 40 to 75 0.75 to 0.40
'W band 75 to 110 0.40 to 0.27
mm 110 to 300 0.27 to 0.10
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Introduction: Electromagnetic Spectrums
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Introduction: bluetooth frequency allocations

Bluetooth operates at 2.4 GHz ISM (Industrial, Scientific, and Medical) band.
Following table defines bluetooth frequencies used across the world. As
mentioned bandwidth is sufficient to define 79 channels (in US, Europe and
other countries) having 1 MHz bandwidth in each channel. Japan, Spain and

France uses 23 bluetooth channels.

Region Frequency Range RF Channels

US, Europe and rest of the World 2.4 to 2.4835 GHz =2402 + n, MHz (n = 0 to 78)

Japan 2471102497 GHz | f=2473 + n, MHz (n =0 to 22)
Spain 2.445 to 2.475 GHz f=2449 + n, MHz (n = 0 to 22)
France 2.4465 t0 2.4835 GHz | f=2454 +n, MHz (n =0 to 22)

Communication Circuits 8/20 Siroos Toofan, Fall-2009




Introduction: ISM band

26 83.5 125

\MHz, i MHz : . MHz ;
902 928 24 2.4835 5.725 5.850 Frequen:y
MHz MHz GHz GHz GHz GHz

Industrial, scientific, and medical (ISM) band

IEEE 802.11b Band in North  Bjuetooth channels

Channels of the America and Europe
proposed system \ /

2400 2401 2402 2403 2480 2481 2482 2483
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Introduction: Communication links and Telecommunications

Communication links:

1- Simplex: data can travel in one direction only.

2- Half Duplex (HD): data can travel in both directions, but not at the
same time (not simultaneously).

3- Full Duplex (FD): data can travel in both directions at the same time
(simultaneously).

Telecommunication:

1- telecommunication over fixed lines is called point-to-point
communication because it is between one transmitter and one receiver.
2- telecommunication through broadcasts, e.g. radio or television
station, is called broadcast communication because it is between one
powerful transmitter (generally is Complex) and numerous low-power
but sensitive receivers.

Communication Circuits 10/20 Siroos Toofan, Fall-2009




Introduction: Transmitter architecture

Communication link:

% A/D Coding Mod. H TX—j
Scramble

Y RX H Demod. —| Decoding

D/A
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Introduction: Transmitter architecture

Block Diagram of Communication System

music, voice, video,

data, “bits” + compression driver, VCO,

+ coding mixer, PLL, VCO power amplifier
Information :
»| Modulator |——| Transmitter > ,
Source frec-space
fiber
occan
your house
Channel cables
power line
twisted pair
|nf0rl‘nation transmission line
Sink < Demodulator |« Receiver |« brute on PED:,

- » amplifier (LN/
video display, speakers, low-noise amplificr (LNA)

nmixcer
couch potato, web browser =

VGA
VCO +PLL

{detect+decode + decompress)
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Introduction: Transmitter architecture

Information

2. add data to carrier E]

3. shift to high
/> frequency
7

Mixer

7= =z
Antennal g =

I
uP/
DSP

0000

Power Amplifier T
P aseband

4. amplify to Processor
broadcast _ Oscillator ]
bias bias
1. create carrier
Power Supply
more times Power Amplifier need for driver (Preamplifier).
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Introduction: Role of the Transmitter

e The transmitter modulates the baseband information onto an IF carrier,
mixes with RF oscillator, amplifies the waveform and delivers it to the
transmitting antenna.

e As shown in the block diagram, IF oscillator modulate the baseband signal
and RF oscillator is mixed with the modulated signal; then it is amplified to
a desired power level by the power amplifier.

e Transmitter key performance parameters: Output power, efficiency,
unwanted radiation/emission

Modulators are classified
» Analog (AM, FM, and PM); Specification: SNR (Signal to Noise Ratio).
» Digital (ASK, FSK, and PSK); Specification: BER (Bit Error Rate).

Communication Circuits 14/20 Siroos Toofan, Fall-2009




Introduction: Receiver architecture

Information

i 4. discard carrier —
2. shift to lower EeE|

and recover data

frequency (cost and/or -
% Baseband
IFHEF processor

De-Modulator
. performance)
(Il

/
7/
1
A5 dTTCSTITCT

W filter,

Anteg%

Low Noise Amplifier

Mixer

1. amplify received
signal with minimum
added noise Oscillator

1as bias bias

3. LO for down conversion|
Power Sup[n

I: In-phase & Q: Quadrature- phase
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Introduction: Role of the Receiver

The purpose of a receiver is to recover the original information from the
received signal.

Since many different signals present simultaneously at the input of receiver,
therefore it is important to select the desired signal by a band select filter.
The ability of a receiver to discriminate the desired signal between the
different frequencies is called receiver selectivity.

All receivers have the common problems of selectivity, rejecting the image
frequency, input referred noise, and detecting the desired signal.

Receivers key performance parameters: selectivity, sensitivity, noise
figure, linearity, dynamic range, power consumption

Receivers/transmitter are
» Homodyne (direct conversion or zero IF ) (and Low IF)
» Heterodyne (single conversion; used one IF) / super Heterodyne (double conversion;

used two IF) )
Communication Circuits 16/20 Siroos Toofan, Fall-2009




Introduction: Transceiver architecture

Surface Acoustic Wave Filters or SAW Filters are compact, low-cost RF filters
that can be used in a wide range of applications up to 3 GHz. SAW filter converts an
electrical signal into an acoustic wave and then back to an electrical signal on a
piezoelectric material by the input and output interdigital transducers.

Input Transducer  Output Transducer 7 i
P s input RF signal output RF signal s B UBMDT  surace
o 1 wavelength 0T —o oy s
SAW ° gt -  — matching maiching
[y ’ o T
| > —
| = D
SAW X iy “
Piezoelectric Substrate aurs | load
| piezoelectric material wsyl:e \ absorbar
pieznesctic

aubstrote

Note: Generally, after the antenna a balun (off-chip) is used to transform the single-
ended signal to a differential signal. A balun is a passive structure which converts
between balanced and unbalanced electrical signals.

UNBALANCED
INPUT
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Introduction: Transceiver architecture

Receiver
RF LHA/MIi¥er¥CO

LI
I

|

IF, AGC
L Band |r PLL

(1-2)dB snlmm
—-60dB
D Discrete |[—<~j
D GaAs Power Amplifier _@_ DAC ““‘— @
D Bipolar §i / I—
D CMOS §i Modulatar & Modulator + Demodulator = Modem

Transmitter N
Note: Generally, output is high power and input is high sensitive. Thus, when an antenna is used

for transmit and receive (TR), it needs for multiplexing/duplexing to separate their path.
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Introduction: Transceiver architecture

In GSM standard the output power is 1 Watt.
V2 V2
T2R 2x50

Question: As know the battery of mobile is 3.6V. So, how they provide

=V =10V

o

P

the aforementioned voltage?

Siroos Toofan, Fall-2009
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Introduction: Multiplexing

Multiplexing methods:
1- Frequency Division Multiplexing

Circuit switching: FDM and TDM
(FDM): FDM divides the channel into two or Example:

FDM (Frequency division multiplexing) 4 moom
more frequency ranges that do not overlap. P

B LI
FDM used some sharp filters. fisepeney I— gaﬁgunw
2- Time Division Multiplexing (TDM): o

TDM (Time division multiplexing)
frame

TDM divides/allocates certain/different time
periods/slots to each channel. Trequency ‘Iﬂ]][.]]]]]]ﬂ]

time

TDD used some switches. ot e 44

What is cellular capability? What are take-over and hand-off ?
Generally, multicore optical fibers are used as high rate data links.
Code division multiple access (CDMA): This allows several transmitters to
send information simultaneously with employs spread-spectrum technology and a
special coding scheme over the same physical channel.

Communication Circuits 20/20 Siroos Toofan, Fall-2009
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Introduction: Duplexing

Duplexer Antenna

Duplexing methods (Access Mode): 2
ransmitter

X RX
1- Frequency-Division Duplexing (FDD): PIAA m

FDD is an application of FDM to use f

A

= —
Rx Transmit Receive
Band  Band

FS

separate frequency bands for transmit | Receiver
(uplink) and receive (downlink). FDD used
two sharp filter for separating.

2- Time-Division Duplexing (TDD): TDD is |

X
an application of TDM to separate transmit ﬁ"w\)_ |

GSM provides 125 channels- 200 kHz

Switch Antenna

h 4

(uplink) and receive (downlink) signals in cacatver Je—]RX o
time domain. TDD used TR (transmit and Sw"ch+
received) switch. GSM has 8 time sloetogttmelach 200kHz

Note: Generally, downlink is kept at lower band and uplink at upper band. e.g. GSM-
900 uses 890 - 915 MHz to send information from the Mobile Station (MS) to the Base
Transceiver Station, BTS, (uplink) and 935 - 960 MHz for the other direction

(downlink). All BTSs are controlled by Mobile Telephone Switching Office (MTSO).
Communication Circuits 21/20 Siroos Toofan, Fall-2009

Introduction: Digital Communication System

Block Diagram of Digital Communication Systems

Modified Block Diagram: (With additional blocks) From Othcir Sources

Source Encrypt Channel Modula
Source (—»{ Encoder [ er || Encoder | f Mux | tor
Destina Source De ‘ Demod
tion '+ Decoder (e cryptor & Channel [ | Demux | ulator
decoder

To other Destinations

There is a tradeoff between the bandwidth, baud rate and Power

Communication Circuits 22/20 Siroos Toofan, Fall-2009
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Introduction: Digital Communication System

Another Block Diagram of Digital Communication Systems

Binary

sequence - .
cquence Source Channel
Modulator
Analog I encoder encoder
waveform |
— — = AD i
converter
Physical
waveform
channel

= 1!?\ A‘lr r [
converter |
Analog e :
waveform Source Channel
. N Demodulator
Binary decoder decoder

sequence

Digital modulation: Phase shift keying (PSK), Binary Phase Shift Keying (BPSK), Quadrature
Phase Shift Keying (QPSK), Offset Quadrature Phase Shift Keying (OQPSK), Frequency shift

keying (FSK ), Minimum Shift Keying (MSK), Gaussian Minimum Shift Keying(GMSK),
Amplitude shift keying (ASK), Continuous phase modulation (CPM), Differential PSK
(DPSK), Quadrature Amplitude Modulation (QAM), On-off keying (OOK).

Homework: Plot the block diagram each of aforementioned modulations in detail.

Communication Circuits 23/20 Siroos Toofan, Fall-2009

Introduction: Digital Modulator

Base band Modulator:
Amplitude Shift Keying (ASK)

Binary Phase Shift Keying (BPSK)

Quadrature Phase Shift Keying (QPSK)

Frequency Shift Keying (FSK)

ASK :Ixcos(w,t) where I=0,1

BPSK :Ixcos(w,t) where I=1,-1

QPSK : Ixcos(m,t)+Qxsin(w,t) or incomplexmode r=1I+jQ

(LQ)=(1L1);1,-1;(-11);(=1,-1)= Ixcos(m t)+Qxsin (w,t)
cos(o,t)+sin(o,t) or  cos(m,t)-sin(wt)
—cos(o,t)+sin(w,t) or  —cos(ot)-sin(w,t)

FSK implemented by Voltage Controlled Oscillator (VCO)
Siroos Toofan, Fall-2009

Digital Modulation :

Communication Circuits 24/20
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Introduction: Digital Cellular and Cordless Phone Standards

Standard Multiple Receive Transmit Channel Mod. Region
Access Freq Y Freq Y Spacing Scheme
(MHz) (MHz) (kHz)

DAMPS TDMA/FDMA 869-894 824-849 30 [0/4 DQPSK | USA

(IS-54)

GSM TDMA/FDMA 935-960 890-915 200 GMSK Europe

CDMA CDMA/FDMA 869-894 824-849 1250 BPSK/QPSK | USA

(IS-95)

IDC TDMA/FDMA 940-956 810-826 25 /4 QPSK Japan

1447-1489 1429-1441
1501-1513 1453-1465
W-CDMA | CDMA Emerging 40,000 M-PSK USA
ISM TDMA/CDMA/ 902-928 902-928 10,000 BPSK USA
FDMA

DCS-1800 | TDMA/FDMA 1895-1907 1710-1785 200 GFSK UK

CT2 FDMA 864-868 864-868 100 GFSK Europe
Asia

DECT TDMA/FDMA 1800-1900 1800-1900 1728 GFSK Europe

PHS TDMA/FDMA 1895-1907 1895-1907 300 /4 DQPSK | Japan

Communication Circuits 25/20 Siroos Toofan, Fall-2009

Introduction: GSM/EDEGE Cellular Phone

Antenna

—T

GSM/EDGE

Duplexer

;'_J

Power
[ Management IC EatisLy ]

/

=

USB Port

~ =
Power RF

L Amplifiers Transcei
[

RA
I Processor

WLAN
Transceiver Processor Accelerometer
—_—
P\
Bluetooth Microphone
Transceiver Ear Piece
— Speaker

- J

'S ™\
Antenna [ Receiver &

sl
(=) (2

Antenna

|

A typical phone layout consists of many components that make wireless communication possible.

There are others standards such as ZigBee, Wireless LAN(IEEE 802.11a,b,...), 4G, 5G.
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Introduction: supper-heterodyne Receiver

Why supper-heterodyne Receiver

RF Filter IF Filter
ri

|
Ch_Ch
2131

freq

Used for:
1-To decreasing
the flicker noise

2- Quality factor Receive?‘Added Noise

of filters are finite. I \ Receiver I\hermal Noise
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Introduction: Intermediate frequency selection

Depending on which parameters the intermediate frequency (IF) is
selected:

1- Requirement SOW filters availability in the market
2- Does not be any powerful transmitter around the image frequency

3- having the Suitable sensitivity and selectivity; As the IF increases,
the sensitivity of receiver is improved (Image rejected easily before
Mixing) and its channel selectivity gets harder (required to high Q),
and vice versa. This problem relieves with super heterodyne structure.

Note: heterodyne (single IF) or super heterodyne (dual IF) receiver
needs for 3 SOW (off chip) filters (Band select, Image rejection and IF
filter). This factor has made these receivers less used today.

Communication Circuits 28/20 Siroos Toofan, Fall-2009
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Introduction: Mixer

e Operating of the mixer is based on these equations

sinw tsinw,t = E[COS(COC -, )t —cos(®, + o, )t]
1
COSM I COSW, [ = E[COS(O‘)C -, )t+cos(o, + o, )]
. | .
SIn M fcosm,t = E[sm((oc -, )t+sin(o, +o,)t]

. I . .
COSM ISIn®, ¢ = 5[s1n((oc -o, )t —sin(o, + o, )]
e Selected frequency in up conversion mixer: (o, +®, )

e Selected frequency in down conversion mixer : (o, —®, )

Question 1: What is the image frequency? How is it reject?
Question 2: How we can used the image rejection filter in the receiver?

Communication Circuits 29/20 Siroos Toofan, Fall-2009

Introduction: Image Rejection Filter

Image Rejection Filter: Since the image and the signal lie on the two sides
of the LO frequency, it is possible to architect the RX so that it can distinguish

between the two and reject one. Generally, it is implemented with SOW filters.

Hartley Architecture
LPF
RF , sinm LOt
Input cosm ot

{

LPF

Also we can used the zero IF (Direct conversion/ Homodyne ) receivers

to image frequency rejection. But it suffer from the DC output.
Communication Circuits 30/20 Siroos Toofan, Fall-2009
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Introduction: Image Rejection Filter

Image Rejection Filter: Desired
RF . Image . & Channel
= M0 M
=0 0 +Lo -'-T_u)
Xa(0) +Hr2 2 Xc(w)
90°
LPF P m 0 W E:> 0 w
c
RE sinw gt h IF 90°
Input . » Qutput
et i 0 (0] E? 0 (0]
O iz -2
Problems: Xe(©) D !f! Output
1- How to make 90° shift 0 ® _..M

for all frequencies? _m_‘_ﬂ_. 0 o

2- mismatch of paths

Communication Circuits 31/20 Siroos Toofan, Fall-2009

Introduction: Image Rejection Filter

Image Rejection Filter:
X, =4,Coso t+ 4, Coso,,t

= X, ,=S8nw, 4, Coso,t+4,C Cosw,t]
= X, =Coso, i[A4,Cosw,t+4,Coso,t]

=X,

mp =A,Coso tCosw, t+4,Coso,tCosw,t

= X, 5=054,[Cos(®, +®,)i+Cos(®, —,,)]

+0.54, [Cos(w,, +®,, )+ Cos(w,, —o,, )]
= X, =0.54,,[4,Cos(®, -, ) +4,Cos(w, —o,,)]
Also= X, =0.54,,[4,,Sin(0,, -, )t —4,Sin(o, —o,, )]
= X =0.54,,[4,Sin(1/2+ 0, —o,)t - 4,Sin(t/2+ o, —o,,)]
= X =0.54,,[4,Cos(0,, —0,,)t — 4,Cos(®,, —o,,)]
IF=X,+X.=4,,4,Cos(0, -0, )t =A4,4,Cos»,t

Communication Circuits 32/20 Siroos Toofan, Fall-2009
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Introduction: Image Rejection Filter

Generally, in the receivers, the image rejection filters are placed before
the mixer and the intermediate frequency filters are placed after the
mixer. Image rejection can perform in the digital domain.

®—>l LPF |—> ADC 74-| 90°

sinw gt

XRF (1)
cos@m LOt

@[ }{me
Question: what is Image Rejection Ratio? JRR = Fnous
P
if
Another image rejection filter presented by Weaver.

Homework: Draw the block diagram of Weaver image rejection

filter and write its equations.
Communication Circuits 33/20 Siroos Toofan, Fall-2009

Introduction: Dynamic Range and Power Gain

e dynamic range: The dynamic range of a radio receiver is the range of signal
levels which it can operate (be able to pick up the signal). Its low end is governed
by its sensitivity (or (noise +SNR)dB); whilst its high end is governed by its
overload or strong signal handling performance. (dependent to the Modem type)

» Noise (small signal): noise determines the threshold for the minimum
detectable signal level. Generally, noise is measured at the input of the system
and it is presented whit “noise figure or noise- equivalent temperature”.

» Distortion (Large signal): distortion determines the threshold for the
maximum detectable signal level. It is presented by some parameters such as
Harmonic Distortion, Gain Compression, Intermodulation, AM-AM, AM-PM

e available power gain: Ratio of “the power that the Circuit would deliver to a
matched load ” to “the power that the Source would deliver to a matched Circuit”

(Ay, S IR, g
G, = - A
vi (v R, ) 4R,
Rin ’ Rs + Rin "
Communication Circuits 34/20 Siroos Toofan, Fall-2009
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General Considerations: Units in RF Design

A dB is defined as a POWER ratio. For example the reflection factor is defined

as follow: p )
r,= lOlogLiJ = 1010g(|F| ) = 2010g(|F|)
A dBm value or dBW value represents an actual power, whereas a dB

value represents a ratio of power, such as the power gain.
The absolute signal level are often expressed in dBm (sometimes

dBmW or Decibel-milliwatts) rather than in Watts or Volts. the power

PSignal dBm = IOLOg

ratio in dbm is expressed by:
&

P, P.
Signal — 30 + 1 O Log Signal
ImW V/4

ImW =0dbm , 10mW =10dbm , 100mW =20dbm

W =30dbm , 10W =40dbm , kW =60dbm

Communication Circuits 35/20 Siroos Toofan, Fall-2009

General Considerations: Units in RF Design

Avlage = 20log — This relationship between Power and Voltage only holds
) ;) « when the input and output impedance are equal
Aplas = 10log ;"—
L P,
Aplas = lﬂlog% Psiylamm = 10 log( 1 mW)
= 20log "l— —1dB=10Log0.1

= Ayv|as.

An amplifier senses a sinusoidal signal and delivers a power of 0 dBm to a load resistance of
50 Q. Determine the peak-to-peak voltage swing across the load.

Solution: Ve
Vi ) mw

8k

where R=50 Q thus, V,p = 632mV

Communication Circuits 36/20 Siroos Toofan, Fall-2009
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General Considerations: Units in RF Design

oIf an amplifier senses a sinusoidal signal and delivers a the following powers
to a load resistance of 50 Q. Determine the peak-to-peak voltages swing across

the load.
2

%
0.0lmW =-20dbm :>8i= 0.0lmW =V, =632mV

L
2

.
0.l ==10dbm = L= 0.1m}¥ =, =200mV’

L
2

v
10mW =10dbm = —2-=10mW =V _ =2V
SR pp

L

2

14
100mW =20dbm = —2-=100mW =V _ =632V
8R rp

L

V2
W =30dbm = L= I =V, =20/

L
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Introduction: Transistor nonlinearity

This figure shows a basic transistor amplifier in which it might ¥

be constructed in integrated form. The lower- two transistors

provide a constant current bias source for transistor Q,.

This amplifier operate approximately as a wideband
amplifier. One way to expand its broadband is
adding an un-bypassed resistor on the emitter of Q,.

in this figure:

I o=l =al. =q =97 0, 0,
El —tc2 — E2 — R
. . b
For zero input signal:
I [ _VEE
_ _ c2 _ El A
v, = 0> VBE,Q] = UVTLnI— = UVTLI’ZI— = Vdc
ES ES
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Introduction: Transistor nonlinearity

Where the input signal is not zero, the current of Q, obtains

as follow:

Vdc +v; Vdc Vi

_ nwr  _ nr nVr _ nvr
Iel_IESe =1g€ "€ _IEle

Vi

For a sinusoidal input signal:

— A _ xCoswt
v.=V Coswt = xnV,Coswt = 1, =1,e
From a known Fourier series expansion:

e =1 (x)+ 22 I (x)Cosnat
1
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Introduction: Transistor nonlinearity

e =1 (x)+ 22 I (x)Cosnwt

1 LS
£y !*.i,'zlf' Eixy By Fvh
L §i
= ‘; :_,-' ri

S/ /o

&P
&
& |
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Introduction: Transistor nonlinearity

Therefore, transistor is a nonlinear element. But it is ~time invariant in
this course. It is time variant against the pulse signals.

Where the [, (X) is a modified first kind Bessel functions, order # and

argumentX. [ =] [ (x)+ 22 I (x)Cosnwt]
1

1 (x
=1, =al, I (x)[l+ 2ZﬁcOs not]
1 [o (X)
All of modified Bessel functions are monolithic and positive for #>0

and x>0. For x=0, [ (X) is unity and for other x>0, /, (x)>1. Also for
small values of x, these modified Bessel functions obtain as follow:

]fx—)O:>In(x)=(x/—2')n
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Introduction: Transistor nonlinearity

From equation /., it is apparent, the average value of [ 4 is given by

I, =al. 1, (x)
However, the biasing circuitry demands that /. =al,, = al.,; hence

it average current will be as two series current sources.

1@ 5 'R

)

1;(%) ;, 4
A=min[/,/,]

Since equivalent current of two series current sources is the minimum

of them. Therefore, /.. = min[al,,,al, I (x)]=al,,
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Introduction: Transistor nonlinearity

Therefore the input signal changes the Base-Emitter bias voltage and
make AC current. The DC & AC voltages and currents obtain by

I, =al,[l+ 2Z%COS not|
1

o

. 1 (x)
I, =aly, =al.,, i,=2al, ) ————=Cosnwt
Cl El c2 1 EIZI:] (x)

o

Vie =V +v,Cosat

I
V, .=V, —nV.Lnl (x)=nV. Ln—E—
de,BE dac M7 ,(xX)=nV, 1. (%)

Question: What is the maximum value of [Z,(x)/1,(x)]?
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Introduction: Transistor nonlinearity

Fourier series expansion of some equations:

e’ =1 (x)+ ZZ I (x)Cosnot
1
—xCoswt __ C n
e =1,(x)+2> (-1)"1,(x) Cosnat
1
xSinwt _ xCos(wt— %) _ - /s
e =e —Io(x)+221:]n(x)Cosn(a)t A)

g ¥Sinet _ 10 (x) + 221: (—1)" ]n (X) Cosn(a)t - %)
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Introduction: Transceiver Architecture

In total we can introduce a brief structure for a

transceiver as follow

I [ Gain
" |Duplexer Controller

Up

Conversion

Mixer

Communication Circuits

Down

Conversion
Mixer

Digital
Processing
Frequency And
Synthesizer
Base band
Circuits
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