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SUMMARY

This report details the design of a wireless voice transceiver for communication
within a radius about of 20m. The transceiver has a single channel and
operates in half-duplex mode. The transceiver transmits at a frequency of about
900MHz. The transceiver is built from low cost, high performance monolithic

ICs that incorporate all the stages of the system.

Wireless transceivers combine transmission and reception functions allowing
substantial reduction in cost and complexity along with increased ease of

operation.

The design has been optimized by the use of monolithic ICs that implement the
desired functions of the system to achieve these features of reduced
complexity, cost and size and increased ease of operation. This is paramount

for the transceiver to be operated for mobile communication.
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CHAPTER 1 INTRODUCTION

The transceiver is a unit in which the functions of transmission and reception are
combined allowing single-channel semi-duplex operation at a substantial reduction
in cost and complexity along with greatly increased ease of operation. The wireless
transceiver is especially popular for mobile operation where savings in size, weight,
and power consumption are important. Dual usage of components and stages in the
transceiver permits a large reduction in the number of circuit elements and facilitates

tuning to the common frequency desired for two-way communication.

Wireless voice transceivers are widely used by many organizations, both private and
public, that depend on mobile radio systems for their successful operation.
Examples are many and include (a) emergency (the ambulance, fire and police
services); (b) public utilities (gas, water and electricity) ; and (c) private (delivery
vans, service technicians, mini-cabs and taxis). The specifications and design of the

voice transceivers will of course vary depending on the particular application.

The wireless voice transceiver design contained in this report is a half-duplex
system that utilizes a single channel and operates at a frequency of 900MHz. The
design has been optimised by the use of low cost, high performance ICs for most

stages of the transceiver.

1.1 STATEMENT OF THE PROJECT PROBLEM
The project problem statement was as follows:
Design a wireless short range voice transceiver system. The system should be able
to transmit voice to other radios tuned to the same frequency. The specifications of
the voice transceiver were:

e transceiver should have a single channel.

¢ system should use a semi-duplex mode of communication.

e design should utilize ICs where possible for circuit stages.
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1.2 OBJECTIVES
The objectives of the project were:
e to study a communication system comprehensively
o to gain exposure to design procedures, techniques and standards

¢ to relate communication theory to practice.

1.3 SCOPE OF WORK

In order to realise the objectives of the project a number of tasks had to be
performed.

A study of communication principles and techniques such as Frequency
Modulation, Quadrature Modulation and the principle of operation of a
superheterodyne receiver was carried out. The details are explained in Section 2.1.
The circuit of transceiver was then designed bearing the given specifications in

mind.
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CHAPTER 2 LITERATURE REVIEW AND METHODOLOGY

2.1 LITERATURE REVIEW
A study of communication principles and techniques relevant to the design of the
transceiver was undertaken. Prominent among these were Frequency Modulation,

Quadrature Modulation and the Superheterodyne receiver.

2.1.1 FREQUENCY MODULATION

Frequency modulation (FM) has been utilized in the transmission and reception of
the baseband signal. As such it is discussed here in brief.

Frequency modulation is a form angle modulation. Angle modulated signals have

the general form
Xc(t)= Ac cos (wet + P(t)) (2.1.1.1)
where A; and w. are constants and the phase angle ®(t) is a function of the

baseband signal x(t).

The instantaneous phase of x.(1) is defined as

Bi (t) = wet + d(t) (2.1.1.2)

and the instantaneous frequency of the modulated signal is defined as

wi(t) = dB/dt = w, + dd/dt (2.1.1.3)

The functions ®(t) and d®/dt are referred to as the (instantaneous) phase and
frequency deviations, respectively. The phase deviation of the carrier ®(t) is related
to the baseband message x(t). Depending on the nature of the relationship
betweeen ®(t) and x(t), we have two forms of angle modulation: phase modulation
and frequency modulation.
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In phase modulation, the instantaneous phase deviation of the carrier is proportional

to the message signal, that is,

d(t) = kpx(t) (21.1.4)
where k; is the phase deviation constant (expressed in radians/volt). For frequency
modulated signals, the frequency deviation of the carrier is proportional to the
message signal, that is

do/dt = kex(t) (2.1.1.5)
or d(t) = kel x(A)dA + D(t,) (2.1.1.6)
where k; is the frequency deviation constant (expressed in (radians/sec)/volt) and
®(t, )is the initial angle at t = t, . It is usually assumed that t, = - and ®(-~) = 0.
Combining equations (2.1.1.5) and (2.1.1.6) with equation (2.1.1.1) we can express
the frequency modulated signal as

X (t) = Ac cos [wet + ki | x(A)dA] (2.1.1.7)
If we assume x(t) to be sinusoidal (or a tone)

x(t) = Am cos Wt (2.1.1.8)
then the instantaneous phase deviation of the FM modulated signal is

D) = (KAn/wm) SiN Wt (2.1.1.9)

Xc(t) = Ac cos (wct + Bsin wmt) (2.1.1.10)



Design of a Wireless Voice Transceiver 5

The parameter B is defined only for the tone modulation and it represents the

maximum phase deviation produced by the modulating tone.

A tone modulated FM signal has an infinite number of sideband components and
hence the FM spectrum seems to have infinite extent. Experimental evidence
indicates that baseband signal distortion is negligible if 98% or more of the FM
signal power is contained within the transmission band. This rule of thumb leads to
useful approximate relationships between transmission bandwidth, message signal
bandwidth and modulation index.

For tone modulation, the bandwidth of FM signal is given by

Br~ 2(B+1)f 2.1.1.11)

For an arbitrary message x(t), we can not use the preceding expression to
determine Br since [ is defined only for tone modulation. For arbitrary message
signals band limited to fy, we can define a deviation ratio D (which is analogous to

the modulation index B) as

D = peak frequency deviation
bandwidth of x(t)

=kmax|x(t)y| = f, (2.1.1.12)
2nfy fy

Using D in the place of f in the equation (2.10) results in the generally accepted

expression for bandwidth
Br = 2(D+1)f (2.1.1.3a)

= 2(fat fy) (2.1.1.13b)
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where f,=Dfy is the maximum frequency deviation.

FM signals are classified into two categories based on the value of D (or B). If D (or
B) <<1, the FM signal is called narowband FM (NBFM) signal and the bandwidth of
the NBFM is 2f,. When D (or B) >>1, the FM signal is called a wideband FM (WBFM)

signal and its bandwidth is approximately 2f,.

2.1.2 QUADRATURE DEMODULATION/ MODULATION

Most modern wired and wireless communication systems require sophisticated
frequency conversion to and from baseband. Quadrature or I/Q modulation is
frequently used by system designers to upconvert data to an intermediate frequency
(IF) of anywhere from 1 MHz to several hundred MHz. Simultaneously, the receiver
must downconvert the information contained at the IF and output the data in its
original 1/Q format. ICs that perform both these important functions are available on

the market and have been utilized in this design.

Demodulation
Vi(t A2 i
i(t) or 21i(t)
——> —>
A
Acos[(wir.wipt] cos(wyrt)
90 deg

@ LPF
P —>
Vo(t) A2 q(t)

Figure 2.1.2 Quadrature demodulation operation
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The following example is a simple but effective way to communicate the theory of
operation of a quadrature demodulator. In the example, single sideband (SSB)
modulation will be used, where the data signals, i(t) and q(t), that are quadrature.
When the IF carrier with data reaches the demodulator, it can be expressed as

follows:
V(t)= A cos [(wir + wm)t] (2.1.2.1)
where A = signal amplitude,
wie = the IF carrier frequency, and

wm= the data frequency.

As shown in Figure 2.1.2, a LO signal at the IF frequency is split into an in-phase

signal and a quadrature signal. These two signals are then multiplied with V(t):
Vi(t) = A cos[(wig+ wm)t] cos (wiet) (2.1.2.2)
and

Vq(t) = A cos[(wir + wm )] sin (wyrt) (2.1.2.3)

where Vi(t) = the in-phase product and

Vq(t)= the quadrature product.
Using trigonometric identities:

Vi(t)=A/2 cos(wmt) + A/2 cos[(2wir+ wm )t] (2.1.2.4)
and

Vq(t)=A/2 sin(wmt) + A/2 sin[(2wir + wm)t] (2.1.2.5)

After low-pass filtering at baseband:

Vi(t)= A2 cos (wmt) = A2 i(t) (2.1.2.6)
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Va(t)= A/2 sin (wmt) = A2 q(t) (2.1.2.7)

Thus the demodulator has retrieved the data. The above math can be worked in
reverse to illustrate SSB modulation.

2.1.3 SUPERHETERODYNE RECEIVERS

The receive section of the design is a superheterodyne receiver. Here the principle
of operation of a superhet is given.

Besides demodulation, a typical broadcast receiver must perform three other
operations: (1) carrier-frequency tuning to select the desired signal, (2) filtering to
separate that signal from others received along with it, and (3) amplification to
compensate for transmission loss. And at least some of amplification should be
provided before demodulation to bring the signal up to the level usable by the
demodulator circuitry. In theory, all of the foregoing requirements could be met with
a high-gain tunable bandpass amplifier. In practice, fractional-bandwidth and
stability problems make such an amplifier expensive and difficult to build. The

“superhet” receiver circumvents these problems.

The superhet principle calls for two distinct amplification and filtering sections prior
to demodulation, as diagrammed in Figure 2.1.3. The in-coming signal x(t) is first
selected and amplified by a radio-frequency (RF) section tuned to the desired
frequency f;.This amplifier has a relatively broad bandwidth Bgr that partially passes
adjacent-channel signals along with x.(t). Next, a frequency converter comprised of
a mixer and local oscillator translates the RF output down to an intermediate-
frequency (IF) band at fir < f.. The adjustable LO frequency tracks with the RF
tuning such that

flo=f.+fr or fio=1f.—f¢ (2.1.3.1)
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and hence

| fe-fiol = fir (2.1.3.2)
An |F section with band Bjr Bt now removes the adjacent-channel signals. This
section is a fixed bandpass filter, called the IF strip, which provides most of gain.
Finally, the IF output goes to the demodulator for message recovery and baseband

amplification.

The spectral drawings in Fig.2.1.3.1help clarify the action of a superhet receiver.

Here we assume a modulated signal with symmetric sidebands and take f o so
fe=fo-fir

The RF input spectrum in Fig. 2.1.3.1a includes our desired signal plus adjacent

signals on either side and another signal at the image frequency
fo=f. + 2fe=flo + fF (2.1.3.3)

The main task of the RF section is to pass f; . B1/2 while rejecting the image —

frequency signal. For if f; reached the mixer, it would be down-converted to
fe—fo= (flot fip)-fLo=fiF

and the image-frequency signal would produce an effect similar to co-channel

interference. Hence, we want an RF response | Hgrre(f) | like the dashed line, with

BT < BRF < 2f||: (21 .3.4)
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The filtered and down-converted spectrum at the IF input is shown in Fig. 2.1.3.1b.
The indicated IF response |HRF(f) |with BIF~ BT completes the task of adjacent-

channel rejection.

The superheterodyne structure results in several practical benefits. First, the tuning
takes place entirely in the “front end” so the rest of circuitry, including the
demodulator, requires no adjustment to change f.. Second, the separation between
f. and fir eliminates potential instability due to stray feedback from the ampilified
output to the receiver’s input. Third, most of the gain and selectivity is concentrated
in the fixed-frequency IF strip. Since fi is an internal design parameter, it can be
chosen to obtain a reasonable fractional bandwidth By/fr for ease of
implementation. Taken together, these benefits make it possible to build superhets
with extremely high gain.

Xc(t)
AVAVZ antenna

VAVAN Br<Bre<2fir
RF >[>_> demod ,,(>—>
other
signals

LO

Figure 2.1.3  Superheterodyne receiver
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2.2 METHODOLOGY
Throughout the design process careful consideration was given to adhere to the
given specifications of the voice transceiver. A methodology was adopted to this

effect and included:

1. Literature review. A study of existing technology in analogue and digital
transceivers and radio equipment was done. The modulation techniques were also
studied and are discussed in section 2.1 of the report.

2. Identification of appropriate ICs. Next the appropriate ICs were selected. All the
ICs selected are manufactured by RF Micro Devices®. This choice was prompted
because the ICs are well matched for use in a single system and the availability of
the RFMD® Designer's Handbook in time. The list of ICs used can be found in

Appendix A. Appendices B-G contain the ICs data sheets.

3. Frequency selection. Careful selection of frequencies was undertaken. In fact this
was done simultaneously as the selection of ICs was being done. Frequencies had
to be chosen in such a manner that optimized the ICs selected. It was also essential
to select a transmission frequency that was allowed for amateur radio operations in
order to a to avoid procedures of getting a license from the Communication

Authority. It was decided to settle for an operating frequency of 900MHz.

4. Calculation of values for external components. The appropriate external
components (such as resistors, capacitors and inductors) to be used in conjunction

with the ICs were then identified and their corresponding values calculated.

5. Assumptions: In recent years, the use of FM operating at 29.6MHz has become
increasingly popular among amateur operators worldwide. For this reason it has
been assumed that the baseband signal that is being transmitted is an FM signal of
29.6MHz. FM speech processors of this frequency are available in a number of
recent Radio Handbooks.
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6. Designed System: The circuit designed for the transceiver is given in figure 2.2.1
which shows the transmit section and figure 2.2.2 which shows the receive section.

A detailed description of how the system operates is given in chapters 3 and 4.
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CHAPTER 3: THE TRANSMIT CHAIN DESIGN

The transmit chain of transceiver comprises of a transmit modulator and IF AGC IC,
an upconverter, a PA driver amplifier and a PCS linear power amplifier. In this

chapter these are described and their mode of operation in the design is explained.

3.1 TRANSMIT MODULATOR, IF AGC AND UPCONVERTOR

Description

The RF9958 was selected for transmit IC. The RF9958 is an integrated complete
Quadrature modulator,IF AGC amplifier, and upconvertor designed for transmit
section of dual-mode CDMA/FM cellular and PCS applications. It is designed to
modulate baseband | and Q signals, amplify the resulting IF signals while providing
95dB of gain control range, and perform the final upconversion to UHF. Noise figure,
IP; and other specifications are designed to be compatible with the 1S-98 Interim
Standards.

Operation

Figure 3.1 diagrammes the application schematic. In the transmit system the
RF9958 receives baseband information of 29.6Mhz from a mixed signal in the form
of in-phase/ quadri-phase (1/Q) data through pins 4 and 5. As the port is being
operated single-endedly and not differentially the IREF and QREF pin are
capacitively coupled to ground through C10. The I/Q waveforms are riding on a DC
reference of 0.6 VDC.

The local oscillator (LO) signal onto which I/Q data is modulated is provided single-
endedly through pin 8 externally and has a frequency of 300Mhz. Pin 9 (LO1-) is AC
grounded by C1. The 300MHz LO signal is split into two quadrature components of
150Mhz each which are mixed with the corresponding baseband signal quadrature
components to produce an IF signals of 179.6 MHZ. The quadrature IF signals are
then added by a balanced modulator and passed onto the gain control circuit. The

capacitor C9 serves to sink AC to ground.
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Pin 13 is the power down control for the overall circuit. When logic “ high” (=V -
0.7V) all circuits are operating; when logic “low” (<£0.5V), all circuits are turned off.

C2 and C3 are external bypass capacitors.

The IF signal output of frequency 179.6MHz is provided to the next stage of the
system, which is upconversion to RF, through pins 24 and 25 through an IF filter.
The IF filter filters out undesirable image channel frequencies. C4 and C5 cut out
DC that is present on the IF signal.

Inductors L1 and L2 serve as RFCs that shield the IF from disturbing the VCC.
For upconversion of the IF signal to RF an external upconvertor is used instead of
the one in-built on the RF9958 IC.

The list of values of all external components used on the RF9958 IC is found in
Table A.2, Appendix A. The data sheet of the IC is in Appendix B.



QS

Rek

Design of a Wireless Voice Transceiver

...ol‘

ﬂjir 2.1 RF 2958  APPLICATION SCHEMATIC
ac
Mobde
R
9
b
__J 3|
1
GAIN <no
e CONT RoL T
J (x) -
3]

o = T | i
i Y P . , - = |
cl ‘ ] | 24 E\Jm\l 3

m % BAND gap X , ce
L Rer 3 cs
~A | —
~ —lb- Jlo uPCOoNVERT
- | o e
LR c
ca = l.Tlt. IF FILTER

|l
|



Design of a Wireless Voice Transceiver 19

3.2 THE UPCONVERTOR

Description

The RF9938 IC was selected for transmit upconversion. The RF9938 is a complete
upconvertor designed for PCS applications. The IC contains a double-balanced
mixer stage and an output buffer amplifier stage. The mixer is a Gilbert cell with
emitter degeneration resistors to provide high IP .The output stage is a class-B,
push-pull configuration to reduce overall current and still provide a good 500Q output
match.

Operation

Figure 3.2 shows the application schematic for the RF9938 Upconvertor. The IF
signal with frequency 179.6MHz from the transmit IC is fed to pins 1 and 2 through
the capacitors C1 and C2. These pins are DC biased internally and should be DC
blocked if connected to a device with a DC level present. The LO frequency is set at
720.4MHz and is sourced externally and supplied to the IC through pin 4 single-
endedly as pin 5 is AC coupled to ground through C5.

The output at pin 8 is a RF signal of frequency 900MHz. The inductor L1 serves as
an RFC and the capacitor C7 is DC a block.

The list that contains the description of the external components is in Table A.3,

Appendix A and the data sheet of the IC is in Appendix C.
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3.3 THE PA DRIVER AMPLIFIER

Description

The RF2362 is a low noise PA driver amplifier with a very high dynamic range for
transmit PCS applications. The device functions as an outstanding PA driver
amplifier in the transmit chain where low transmit noise power is a concern. The IC
includes a power down feature that can be used to completely turn off the device.
The IC is featured in a standard SOT23-5 plastic package.

Operation

The RF signal generated from the previous stage is driven into the RF2362 through
pin 1 via a DC blocking capacitor C1. The amplifier has a typical gain of 20.3dB and
a noise figure of 2.2dB for this application. The RF output is given through pin 4 and
is DC blocked by C4. Pin 4 is typically matched in 50Q with a bias matching inductor

and series blocking matching capacitors C5 and C6.

Pin 3 is the power down control of the IC. The part is turned “on” when
VPD=2.8V+0.1. VPD<0.9V turns “off’ the part.

For the description of the external components used with the IC see Table A4 in

Appendix A. The data sheet for the IC is in Appendix D.
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3.4 LINEAR POWER AMPLIFIER

Description

The RF2132 IC was chosen for the transmit power amplifier. The RF2132 is a high
power, high efficiency linear amplifier IC. The device has been designed for use as
the final RF amplifier in CDMA hand-held digital cellular equipment, spread
spectrum systems and other applications in the 800MHz to 950MHz band. The
device is self-contained with 50Q2 input and the output can be easily matched to
obtain optimum power, efficiency, and linearity characteristics over varying supply
and control voltages.

Operation

The filtered RF signal from RF2362 is amplified by the RF2132 before transmission
to the receiver. The RF signal is supplied to the IC through pin 3. The external
capacitor C8 is a DC block.

The amplified RF has its output at pin 10, which serves as power supply for the
output stage. The four output pins (15, 14, 11, and 10) are combined and bias
voltage for the final stage is provided through these pins. The external matching
network consisting of C10, C11 and L3 provides the optimum lead impedance. C9 is
a DC blocking capacitor. The RF2132 provides a linear gain of about 29dB typically.
L1 is a shunt inductor whilst C6 is a decoupling capacitor on the VCC side. The RF
sees the decoupling capacitor as a short and is to the sunk to the ground whilst the

DC sees it as an open circuit and is shunted to pin 1.

Table A.5 in Appendix A contains the list of description of the external components
used with the IC. The data sheet of the IC is in Appendix E.
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CHAPTER 4: THE RECEIVE CHAIN DESIGN
The receive chain of the voice transceiver consists of two monolithic ICs; the PCS
low noise amplifier/mixer and the Receive AGC and demodulator. In this chapter

these are described and their role in the design is explained.

4 1THE PCS LOW NOISE AMPLIFIER/MIXER

Description

The RF9936 was chosen for the receive chain front-end. The RF9936 is a
monolithic integrated receiver frontend for PCS applications. The IC contains all of
the required components to implement the RF functions of the receiver frontend
except for the passive filtering and LO generation. It contains two LNAs (low noise
amplifiers), a double-balanced Gilbert cell mixer, a balanced IF output, an LO
isolation buffer amplifier, and an LO output buffer amplifier for providing the buffered
LO signal as an output. On-chip digital logic is used to enable the appropriate LNA.
The LNAs share a common output that permits insertion of a bandpass filter
between the LNA output and the Mixer section. Analog gain is provided which allows

a 10dB variation in gain. The IC is designed to operate from a single 3.6V power
supply.

Operation

The RF signal of 900MHz is received at pin 8 and pin 5 of the IC from the antenna.
Pin 1 selects which LNA to amplify the received RF signal. A logic “high” (>VCC-
0.7V) selects the upper LNA and a logic “low” (<0.5VDC) selects the lower LNA. The
LNA section has a gain of 13.5dB and a noise figure of 1.4dB.

The RF output of the LNA section at pin 20 is filtered by an external SAW filter to cut
out image channel and other unwanted signals. C4 serves to isolate DC from going
into the filter. Filtered RF is then mixed with the LO signal to get the IF signal of
150+fs MHz. The IF signal is filtered by an an IF SAW filter before being passed on
to the next stage, which is the Receive AGC and Demodulator, RF2667. The SAW
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filter has considerable advantages of requiring no IF amplifier alignment and having

a selectivity that is not affected by the application of AGC to the stage.

The components C5, C6, C7and L2 and their corresponding pair C10, C11, C12 and
L3 perform a filtering operation on the IF output signal. L2 and L3 in addition serve
as RFCs so that the high frequency IF signal remains isolated from VCC. C5, C6,
C7, C10, C11, and C12 also serve as DC blocking capacitors so that the VCC
voltages are kept off ground. Figure 4.1 shows the application schematic of RF9936.

The description of the external components used with the IC is listed in Table A.6.

The data sheet of the IC is contained in Appendix F.
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4.2 THE RECEIVE AGC AND DEMODULATOR

Description

The RF2667 was selected to demodulate the IF signal to baseband signal. The
RF2667 is an integrated complete IF AGC amplifier and Quadrature demodulator
developed for the receive section of dual-mode CDMA/FM cellular and PCS
applications. It is designed to amplify received IF signals, while providing 100dB of
gain control range, and demodulate to baseband | and Q signals. Noise figure, IP3
and other specifications are designed to be compatible with the 1S-98 and JSTD-018
Interim Standard. The IC is packaged in a standard miniature 24-lead plastic SSOP
package.

Operation

The filtered IF signal of 179.6MHz from RF9936 is applied to the the IC through pins
8 and 9. Pin 14 selects CDMA mode and FM mode. A logic “high” (>VCC-0.7V)
selects CDMA mode. A logic “low” (<0.5VDC) selects FM mode. FM mode is
selected for this application.

The AGC is set a voltage of about 2.5VDC to get a maximum gain of 50dB. At the
output of the amplifier, two bins (pins 18 and 19) are provided to allow for bandpass
filtering. The parallel tank circuit comprising of L1, L2, C6 and C7 provides filtering at
the receive IF frequency as well as provide a necessary DC pull-up to the power
supply for the AGC output stage.

The IF signal will then enter the demodulator and mix with an LO singal. The LO
signal applied at pins 12 and 13 is 300MHz which is divided into components of
150MHz and mixed with the IF signal. The output is the baseband | and Q signals at
pins 21 and 22 pins 16 and 15 respectively that was transmitted.

The description of the external components used with the IC can be found in Table
A.7. Appendix G contains the data sheet for the IC.
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CHAPTER 5 DISCUSSION, CONCLUSION AND RECOMMENDATIONS

5.1 DISCUSSION

Circuitry complexity

Every transceiver whether simple or complex, was some of the same circuitry for
transmitting and receiving. Shared stages frequently include oscillators, mixers,
amplifiers, filters and tuned circuits. Usually, sharing is achieved by switching the
input and output of a particular stage from the receiver to the transmitter. Shared
circuiting may resuit in more economical and compact equipment, which is ideal for

a wireless device as the one designed in this report.

The designer must determine whether any transmitting and receiving stages are
sufficiently alike to permit their replacement by a single circuit. To so this, three

conditions must be satisfied.

First, the stages must operate in the same frequency range. Depending on the

circuit, that range may be wide or narrow.

Second, input and output power levels must be comparable. Often the low level of IF
signal processing that takes place in SSB transmitters allows one or more of the
same |F amplifiers to be used by the receiver. However, there are other stages,
such as the receiver RF amplifier and transmitter final power amplifier that are never

replaced by a single circuit.

Because linearity, efficiency and heat dissipation are major concerns in SSB power
amplifier design, the transistors chosen for these stages have internal geometries
that optimize their power handling capability. Receiver RF amplifiers, however,
process much smaller signal levels, so power handling capability is less important.
Listed, great care is taken to ensure that the stage exhibits low distortion and good
wire figure.
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Finally, impedance must be matched. This is often done by designing each stage for
and input and output impedance of 50Q. Even when sharing is possible, it may not
always be desirable. The cost complexity of the required switching circuitry and
additional effort that may be needed to align the transceiving stage must be taken in
account. The designer can weigh these factors against the reduction in size, weight
and component cost that the transceiving approach makes possible.

Justification of Assumption

As mentioned in section 2.2 it was assumed that the baseband | and Q signals at
the transmit chain input and at the receive chain output was an FM signal of about
29.6MHz. In recent years amateur radio operators have almost universally adopted
29.6MHz FM for speech signal processing in wireless communications. As such FM
generation and detection circuits of this nature are readily available in recent Radio
Handbooks. These circuits could be adopted for the speech processing sections of

both the transmit and receive chains.

Feasibility

The design has utilized ICs for all the critical stages of the voice transceiver. Thus if
at all any troubleshooting on the system it largely involve checking out the external
components of the ICs. The modular approach of the design further makes
troubleshooting a lot easier as it simplifies the analysis of the system. It can be
easily analysed stage by stage. The use of low cost, low power, high performance

ICs also provides the potential for use of the device for mobile communication.
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5.2 CONCLUSION

The main objective of the project, which was to design a wireless voice transceiver,
was attained. The system is modular and is made up of low cost, high performance
monolithic ICs entirely. This is intended to develop a device that shall be used for
wireless mobile communication, a phenomenon that has become very popular in
this age.

5.3 RECOMMENDATIONS

1. The design of the transceiver does not include the transmit and receive
speech processing sections. The incorporation of these two sections in the
design will complete the system. They should be FM based.

2. The hardware should be built using the surface mounting technique. However
for experimental purposes evaluation boards that incorporate the ICs used
can be acquired at a nominal fee from RFMD™. RFMD™ can be contacted

at their website www.rfmd.com.

3. Electrostatic discharge (ESD) is a major contributor to device failures. As with
any integrated circuit, caution must be used when handling the RFICs. In
general, the production assembly area should have static dissipative work
surfaces, static dissipative floor wax, grounded work stations, and operators
should utilize conductive smocks, chairs and assembly equipment.
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APPENDIX A PARTS LIST

Table A.1 List of ICs

Qty Identity no. | Description Manufacturer

1 RF9958 Transmit modulator, IF AGC and | RFMD™
Upconvertor

1 RF9938 Upconvertor RFMD™

1 RF2362 PA driver amplifier RFMD™

1 RF2132 Linear power amplifier RFMD™

1 RF9936 PCS low noise amplifier/mixer RFMD™

1 RF2667 Receive AGC and demodulator RFMD™

Table A.2 External Components on RF9958

Part no. | Value Part no. Value Part no. | Value

C1 1nF C6 18pF L1 82nH

C2 10nF c7 10nF L2 82nH

C3 1nF C8 18nF R 10K, 27K

C4 2.2nF Co 10nF

C5 2.2nF C10 1nF

Table A.3 External Components on RF9938

Part no. | Value Part no. Value Part no. | Value

C1 1nF C6 10nF L1 12nH

C2 1nF C7 2pF R

C4 2pF C8 10nF

C5 2pF

Table A.4 External Components on RF2362

Part no. Value Part no. Value

C1 13pF C5 220pF

C2 10nF C6 10nF

C3 220pF L1 4.7nH

C4 1pF R 6Q

Table A.5 External Components on RF2132

Part no. | Value Part no. Value Part no. | Value

C1 100pF C7 3pF C13 1nF

C2 11uF C8 33pF C14 100pF

C3 1uF C9 100uF L1 1.8nH

C4 1nF C10 12pF L2 6.8nH

C5 100pF C1 4.3pF L3 3.3nH

C6 100pF C12 2.3uF R 18K
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Table A.6 External Components on RF9936

Part no. | Value Part no. Value Part no. Value
C1 68pF Cé6 1.8pF C11 68pF
C2 60pF C7 C12 1nF
C3 48pF C8 220uF L1 2.7nH
C4 1.8pF C9 220uF L2 6.8nH
C5 1nF C10 L3 6.8nH

R
Table A.7 External Components on RF2667
Part no. Value Part no. | Value Part no. Value
C1 10nF C9 100pF L1 390nH
C2 10nF C10 100pF L2 390nH
C3 100pF C11 10nF L3 330nH
C4 10nF C12 1nF R1 3K
C5 100pF C13 100nF R2 37K, 10K
C6 7pF C14 100nF
Cc7 20pF C15 100pF
C8 10nF Cc16 9.1pF




APPENDIX B DATA SHEET FOR RF9958

Absolute Maximum Ratings
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Pin Function

Description

Interface Schematic

1 MODE
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Y
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| RF9958 |

T, RIS

0

BG oUT

Baretgap voltage mtatance. This vollagy, conslang over largeratins
and sipple vadalion. i s fo biag inlernal croutls. & 1aF axiprret
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APPENDIX D  DATA SHEET FOR RF2362

Absolute Maximum Ratings
Parameter Rating Unit
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1880 MHz Performance ﬁf:‘m%gf;. Wap=2 8Y i
Gairs 19 20 215 i . £
19 201 215 513 av
12 0.1 215 db
Chitpia 1P3 ¥ vidh5 +36 i
» 250 i
+2A5 #im
Mo Figure 22 &5 i
22 25 ot}
22 25 di
Hrwarse Isciation 32 -
g il:} W30V
32 ot W27V
it WEWH 181 201
Critput VEWH 1 &1 201 Uging Extemal LO network ussd on Evalua-
Fieary Bl
- 14 145 m Ve 3.5V
125 1% i Yy e300V
11 135 fe 31H0) W d TV
Power Supply T #6570
Nedtage Vel 25 ED k'S
Woltage {Vpod a7 28 2% i
Corrent Consuergtion 24 ¥ 43 i VoA B Wpn =2 8 ¥pns Veg « Curent
Cerrsasrnption Frowrs YWpp & 8.5 mot Typ, @
Wpgy = 2RV aned 13 mé Max & Yo =20V
24 32 = ma, W w30V, Yo 2.0V Vapt Voo
‘] 3 43 A Ve =2 TV Vpp=2.9% Yap+ Voo
- Powes Downs §0 A Ypea 35V Vpp £0.8¢

Pin_| Function | Description interface Schematic

1 RFIN RFF input pie. This pia is DC couphsd and matched 1o SO &1 HBEMHZ. .
. %
£ s

2 GND1 Girosired conpachion, Koog baces physically shert and onmmet imimecd
atsly 10 groynd plans for bast parknmance.
3 VPD Powar Down for the 10 Vag = 28Y - 01V trms onddhe Part,

VopeD 9V tums off the Pant. Extarnal AF bypassing is ragurca. The
Trace lopgih betwean the pir and the Bypass cupicitins should be min
frizad. The groand scde of the typass capaciions shouks sonnect
ireneddiately to grourd plane. Nominal curren reguited for Vo - 28V
5 5.6 ok typieal and 12 mA Max (9 Vpg »2.9 V3

—iE

4 AF OUT Arnpidier Output pire. This pin is an open-codioctorn catpis, 1 must be
s 1o withor Vo oo pin 4 ilwough & chobe or matching inductor.
Thes ir is buplcally matched 1o S0CEwWEth a shimt basimatching indis:
for and setias blockingdmatching capacitar. Fsfar to application sche-
Trakics,

5 GND2 Ground conraction. Keep traces physicaly short and coarec? immedi-
ahuly o ground plane for best pardormante,
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APPENDIX E DATA SHEET FOR RF2132

Absolute Maximum Ratings
Parameter Rating Unit
Sapply vallage (NG RF} D510 w80 Vo »
Supply Village (P <32 dBm) 0540 46.0 Yoo &mmmn& ES0 sanstie devcs,
Powar Grontmil Voltags {Vag) 5 b0 B0 o1 Ve v
DG Suppy Cusre a0 ] I e sy e
Input RF Powet EE ] Hm e SRR N TG PR W) b, B MK Disiong iag e
O&npm Load VEBWR 1t BHGEOR (MITGIIRY W0 B GG o T DY DAk
Storage Tomperaturg 4¢3 by 4150 G
Ausyetion Temperatise 200 o
Parameter e et Unit Condition
Min. Ty [T
Todh ., Vop =4 BY, Uped 0V,

Oversi Frog - B4 MHz o BAOMH2
Usable Fraguency Rangs 800 E24 1o B49 60 iz
Linear Gain g 29 31 i
Todad Lireiar Eficiency 40 A5 %
Efficiency at Max Oulput 50 55 %
CFF Isnlagiors 3 2 o g O P+ Bl Boms
Sucond Harmonis -3 b nciuding Second Harmone Trap
Masinan Linsar Outpul Powar 285 28 $5-EA COMA Modulation
Adjacent Channel Powee Hajec- -48 -4 iz ot = 28 dBm

lion & BES kHz ACPF s be improved by Iraditeg off e#i-

TR,

Adjmeont Chaniml Power Rajeo: Gl B dBc Powt = 26 dBin

ficay & 1,98 MHz
Flauxiadiey CW Onilpidd Power Hs k) S
Cperating Case Temperaiure B 1] 1% L Poug = 31 GBm, Eciency = B&%
smbient Oparating Tempersiure B 1003 G v}
Junetion 1o Case Thermal Healg- 85 AN

tanos
Inpt VEWR 4 |
Crlpnt Load VEWIR 10:4 Mo oseiliations
Power Down
T QO Time 106 Pk
Tostad Carrerit W juh “THET Bhate
g "OFF Vohage 02 Bk ¥
Vg “ON° VoRtage a5 A1 Vor ¥
Power §'um=!¥
Prewar Supply Vollags 42 48 B W Oparating woltags
Tl Current 40 100 b Vpg=4.0Y
Ciareend inte VP gin 137 X [LE) SO Sl




Pin | Function |Description Interface Schematic
1 VCCi Porwar sugply fof the difver stage. and intersbage matching. Shun we
indiedance is roguited oo Bhix piry, whikh can be ackiewsd by sn nduc e
lar 1o Ve, with a decoupling capacior on 1he: Ve, site. The walug of . ol
the inducter Is fracquaney dependont; A0k & requirsd for BIOMHZ, i
wnnd 1.30H for $50KH, Insdead of an inductor, & high imprdances s
mizrostip Jing can be used s_——
2 NC Mot Gonnscted,
3 RFIN FAF Inpul. This % a 5088 input, But the aclual inpul impedance depends | Ses pin 1.
o the iterstage matehing network connseted 1 pin 1. A0 extemal DO
Hocking capanitar is required # this poet is conmsziod 1o a DO path ko
ground of & DO vollage.
4 GND Ground eonnaction. Kasg taces phwsicaly short and connect immadi-
il 10 the grosired prlane for bosl pedarmancs,
5 GND Saine 88 fin 4.
6 GND Grourd for slage 1. Keep Tesoes prsically short and coaract nned-
ataly 1o ground plane for best perkrmance. This ground shoulkd be iso-
labad foom the Batwing and other ground cordacts. See evaliiation
board layaud,
7 GND Satwe as @n 6,
8 PC Prrwar Gonlrol. Whon this pinis “low”, all cirouts wa shut off, 4 “low” is P
typically G5V or less ol room tamperaies. Durng normat speration
this pin is the power contral, Gankral rnge varies Trom abow 2V far
DB 0 Vi Tor +3% dBm 3715 oulput powes. The maximien powsr tig e
can be achieved depands on the actual oupul matching. PO should e
et excead BOV Of Vo, whichever is the lowest, i
<] GND Same as pin 4,
10 RF OUT RF Qutput and powsr supply for the outpat stags, The four culpi#t pins i
e comibingd, and biss woitags B he final stage s proviged thiough b
thasa pins, Thie axtarnal path mast bekepd symmeinc sriil combinad 1o
ensire stablity. Ar external matehing rstwoek is reguissd b provids the -
oplinien ke Fnpedance; e e appiicali b Sk fot <deslani pr—
e e s 5 -~
11 RF QUT Same as pin 10 Hes pin 10,
12 GND Sarme s pin 4,
13 GND Same as pin 4.
14 RF OUT Same as pin & S pine 100,
i5 RE OUT Same &z pin 10, Ko pirs 10,
16 GND Bame &3 pin 4.
vee[1] B
- 13
nG[2] — 18] ouT g
arF N3] —{Td]e our =0
(==
GND|4 13|GHD Py
= [
M| 12)GHD | o=
(==
E
ahed] — —{1]rF ouT L_
44
(iNl}E -—Ea& U1 2w
AN
re[E] [T]ano o
£y Fiti)
I

Functional Block Diagram

Packagpe Style: S0P-16 BW
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APPENDIX F DATA SHEET FOR RF9936

RF9936 |

Absolute Maximum Ratings
Parameter Rating Unit

Sy Wollage Aphig 7.0 Vo )

Inpat LO and AF Levels +6 dBm AC%WM! ESD sansitive denics.

Asshient Oparatiog Tempeatune 4010 +85 g

Sinrage Temperaiur -4 3 4150 G B Wi Doraoss by B et IOV masoe wamimet sd oo

8 iy Hirng oF TR PR Mo, RF Riro Dedons meserves 16 ngee v
SRR RIS W RS SO W e, P Rhass Dewioes oy ot
BABAETR ISR Y Phi w0 T srid pradhiin,
Specification !
Parameter Ty Tvp. Unit Condition
T 350, Ve =38, AF =1 B50MHz,

KO L0 17494z & -2dBm

FIF Fraquancy Fange 1500 10 250D Mz

LI} Fraquancy Hange 1200 to 2500 Wk

¥ Froxuency mr@ 130 by 500G W - -

18 Balanced kad, 2508 Imaga Filler Loss.

Cascaded Performance By wasryion e gain of thes second stage, &
triadde-udl of gair and nose Syl againsgt (P
CAr D roasa.

Canzade Gonersion Gain, Maxi- 2rh di Wyt bV

miim
Casade Corversion Gam, Mini- 155 i3 Yy bV
mirm
Cameads Inpot 1P3 14 #Bm Waximam Gain
Bl #3m Birdmum G
Cascade Noise Flgure 25 B Single sidedand, at Maximuem e Setling
5.1 i Single sidebard, al Minimurn Gain Salting
This LNA saction seay be ol mused. Pawer
. : is not conmected fo pi 4, The parormancs

First Section (LNA} i thar as spacifieod ?ﬁ“ tha m%'im Section
Miner),

Moz Figure 1.4 [e1:3

Input VEWR <251 imput s nlsanally matched for optimam nokse
figure tom & B0 sounse,

Inpat IP3 +2 im IPA may bo increased 1048 by connecting
pifs 22 10 Vg thogh he matching inductor,
This LINAS cuerent 1hen increasas by 10,
Cithar inchitwians 1P3 vs. lep trade-offs may
bz rrundie. Baw pin descriplion for pin 20

Gain 135 i

Ressasy isobalion 23 db

Cralpiat VEWR <151
I 102 Dalaned 1oag.

Second Section (Mixer) By warying te gain of the secord stage, 8
Erader-o81 o gaits and faoise Bging againgt P2
can be made. Mleass ses dala paots.

Niise Figuie (51 o Hinghe Bidebared, Wl maxioir gain

138 i SBingle Bideband, & mirdmum gain

put VEWR 154

Input 1P3 -3 am Al maximum gain

+2 aim AL erinimare gain

Comvpesion Gain, Maximum 16 dB WD 2Y

Conversion Gan, Minimam & B V22 5%

Datpi Impedamcs 1 ik Balarced

LO Input

LD Inpert Rangs 510 +3 diem

LI Ciugtipust Lok B dbm Ealtiar O, 2B inpu
25 b Bafder O3, ~20Bem impat

LO o BF {Mix ) Flajection A 2

LDt #F1, IF2 Rejection 20 ]

%\‘M <2 Single anded

r Supply

Vallage KT TES W

Currgat Consurmpion 5 mA LbA oty
46 & LY LA+ Mixey, L0 Butler On
43 AT A LA+ Mixee, L0 Butter O




Function

Description

Interface Schematic

LNA SEL

Selacls which LN (LRAT or LNAZ] (& actve. This 18 a digitally con-
tralled inpis, A fogk: *high' (33 14 walocts LNAZ, A logic Sow® (£0,5Y)
salects LNA

vCet

Supply Voltage bor the Mixar and RF BuBler Arplifier. External HF
Erypmassing ix requirest. The Trace lengll betwsans the pircand e bypass
capacitor shoulkd be mirimized, The ground side of the bypass capacs.
tor shokild conhect immediately i qround plans.

vcez2

Suppéy Voltage for the LNAS and sssceiatad selact agie. Extarnal AF
bypassireg is recuioad. The frace kenglh betwaan the pin and e bypass
capacitor shoukd be minimized. The ground side of he bypass capack
for should connect immadiabely be ground plans

GND1

Ground connection 1o LNAZ, Keep biaces physically shor snd connect

immediately to ground plane for best perormance,

LNA2 IN

FIF Ingaiad prin dor LNAZ, This pin i internally DO docked and mlarnaily
matched for minimum noisa figurs (MOT for mismum VEWER], geon a
SO0 SOUTLE HNgelance,

GND2

Same 5 pi 4.

GND3

Ground connection lor LNAT. Keeg traces phsically shor and connect
immaediately ¥ grourd plama for test gerormanss,

LNATIN

BF Input pin for LNAT, This prin is internally DO blocked ard intarsally
matched for minimum noise figure INGT for minimum VEWIY, geon a
HUL soutce impedancs.

GND4

Sarme as pin 7.

vCC3

Supply voltage for both L0 bulfer ampifiars, Extarnsl FF bypassing &
required. The fracs leagih bebween Be pe and B bypass capacitor

should be rairimized. The ground side of 1he Bypass capacitor shoubl
cormect immediatily to ground plans,

11

LO BUFF
EN

Erable pin dor the LO output tuller srplifice. This is a digitally con
wolied frguit. A logic "nigh® {231V turns the butiar amplitise on, snd
e curfant corsumplion iRereases by mA fwilh -2dBm L0 mputh. A
logic o™ (20,5 turns the butter amplifiar off,

L T &
BIEF
B

12

LOIN

Mixer L0 Input pir. This pan s internally DG biocked amd matched to
GUEE

13

1.0 BUFF
ouT

Optinral Buttersd L0 -Ouipat. This pin is decnally DO biacked and
midched te 506 The bulfer ampifier is switchiod on or off by the vt
ape leval &1 pin 11.

14

GNDS

Ground connection for both LO butfer ampéBiers. Keep races physically
shor and connect mmsdiatedy 10 ground ane 2 best partamance.

15

F+

Cipars-culiector IF Oulput pin. This is a basanced sutpul. The outgut
impedance i sol by an interial 10000 resiston fo pin 18, This B
farariiad IFF oulpul impedance i 10000, The resistos sats tha oparating
impedance, bul an extarral choke o malchiog induston 2 Ve must e
supplisd in ordes o bias this oudpul. This ductor is typically imcorpo.
rated in e matehing network batwaen the oulput aed IF fiter, Bacause
i pin is biased 36 Ve, & DO biacking capacitor srust be weead # the IF
fitar ingut has & DO path 36 groursd,

1541

18

IF-

Hame a5 pin 15, except complameatary aupaL.

Sow pin 15,

17

GND8S

Ground corneclic for the Mixer, Kaep aces physically shost and con-

18

MiIX RF IN

nect immadiataly to grourd plans for bast peformance.

Mirte RF Il Pine This pin i% infeenaby O bocked and malchad 1o
506

18

GND7

Sarna as pn 17,




20

LNA OUT

LA Output pire This is an opar-callector output. This pin is typloally
connecied b pit 22 Birough a biasimabohivg inductor. Ths nductor, in
conjunciion with & sedes biockingsmatching capacitor, lormes a malch-
i) nedwork 1o the S0C image Tiller and provides bias (see Application
Exampis). Tha LN&'S 1P3 may ba inceaasad 10dB by cormecting pin 20
tis Wi, thwough he induactor. The LMAS cirment then increases by
ik, Ohes in-batwesn IPS V&, Ly ade-olls may be made by con-
nacting resistance vakios balwosn Vep sl the malching inductce. The
Twis refersnce poings for considerasion are with 15042 usad, which is
wihsal fian o pin 22 achi e Input 1P2 is 42480 and he
LKA I b8 BmA. Using ne resitance, the nput 1P3 s + 52 oBm and the
LRA loq 8 15 ma, Desired operading points i betwean thase wiins
may be interpriated, roughly.

Bame as pin 17,

Culpiet supiply voltage for Bie LNA Quiput {pin 200 This piy shoukd NOT
be corgected 10 & veltage supply. This pin shouks e copnectesd o pin

20 through a bias‘matkching mductor {ses Application Exampls), Exter-
nal FIF bypesasing 16 requined. Tha trace langth batween the pin and the
brypass capacitar shouks be minimized. The grotd side af the bypass

capacitor shoud conmest rmmediately o ground plans,

Sty iy 2

23

Same as pin 1/,

24

GC

Anadog gain adjustment Sor AF bufsar ampliier. Minemam gain is
seduchord with 254 1o 3.0%. Maximum gain i seloctod with 0% 1o D5 V.
Whan cperating e FFSRIE at fived maximum gain, this pin may be
o,

L84

B ?
B

Funectional Block Diagram
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Package Style: $30P-24



APPENDIXG  DATA SHEET FOR RF2667

RF2667 |

Absolute Maximum Ratings

Parameter Rating Unit
Sapply Wollage 1.5 45 Voo
Possat Do Visliags (Vo) G540 Vpe+0.7 Ve A‘Cautlm‘ﬂ ESU sansiive devios,
tnpat BF Powar +3 dBm
favbient Qparating Tempensiue 4010 +816 b 4 RF Bl DRARuss DIERRa 90 fevistund isbuomaion somsat ) A
Siovags Temperaturs 40 10 +150 © ek e 3 3300 e FBas i et Bt dome ™
BEEARTR OOy Ry B0 e o h BRREIN PRIk ES.
Specification
Parameter Y Tve. T Unit Condition
T=25 0. Vou =00V, Zopmo=DHIL
Overall (Cascaded) LO=170MH2 @400mVpp 1F Frog=85MHz,
LS008 {CDMAY, L BHOL (M}
Mazenum Cain +45 45 ot V=2 55 FM or COMA nput, Balanced
Mirdruen Giawn 5% B di W= LBV, FM or COMA input, Balaned
Caain Vanation -4 3 it T 2090 10 +BEC, R « 250
Input 173 -5 B @Bm Ve =2 8V, Maximum Gain
prd -4 #im Ve =055, Miniom Gain
-3 ~3 3w Gairy = 35 g8, Pygge-S108m
Muia Figue & @ B Wgp = 2.5, Maximum Galn
m ¥ di Winey=0.8W, Mirdum Gaig
I Irgadl Frequancy Range &0 T 10 230 anG 23
T Ingeut Sngedancos 3040 2400 2¥60 ¥ i or COMA, Balanced
1020 1300 1380 £ i or CDMA, Bigo-ariad
14 Froquenay Hange V] B0 M
140 Ampditude Blalance @1 o5 o
10} Phasa Balanea 1 5 L]
Wax 10 Outpu Volage 20 24 Vpp Hatancad, msxirsim outpul leval
FO Ongpun iinpedance 1020 1200 1380 [¢] Singhe-ended
2040 2400 2780 £ Batancsd
B D Oupait 20 Vo Censnrean Moo
10 DO Offset 20 Mg FOAIT g 1 OUT-; © OUT+ 1o O REF-
LI} npt Fraguency Rangs 103 140 1o 460 00 Mtz
LOY input Loved &0 A 05 TWpn Budaroad
L inpnd impedance L a0 k] [¢] Ealareand
3 A0 4G5 4] Hinghe Ended
[Power Supply
Supply Waltags 2.7 a0 33 W
Current Consumgtion 20 & (1Y COMA Mo
& 23 mé FM Mods
Prower Diowr Cura 20 jad
Wap HIGH Voltage Voo l? Vi
Vap LOW Voltage 05 WV

Funetional Block Diagram

157 I_ R
fiod 4 L]
K53

F

284 A
RN
TR
J Em A j
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Package Style; SSOP-24



Pin

Function

Description

interface Schamatic

VCCi

Supiply voltage for the LO Nip-fop divider and limiting amp. This pin may
b cobmeclod in pasaliel with pins 2 and 3, IE shoudd be Bypassed by a
00F capaciion. The trace length batwsen e pin and the bypass
capacilon shou be minimised, Thee grourd side of B bypass capaci
tor shaukd cannect immediately 1o ground plane. The part is desigred
I work froem & 2 74 o 3 AW supply

vce2

Supply wollsge for the bandgap, gain conlrod biss crnutng, and MEC
stages &, 3. and 4, This pin rmay bo cormedod in paratel wilth pins 1
and 3. ¥ should be bypassed by & 10nF capaciton. The trace langih
baatwaes khe pin ared She bygass capacitor shoald be mirdmivest. The
ground sids of e bypass capacitor shoald connect immediately o
ground glane. The part is designed 1o work drom a 2.7 1o 3.3Y supply.

vees

Supply wottagpe for the FAM and COMA AGC input stages. This pin may
b copmected i paraliel with ping 1 a2 1L showdid be bypassad by a
10nF capacior. The tracs length batwsen the pin and 1he bypass
cagacilon should be minimised, Thie grouned side of Bie bypass capaci
lor shoukd conmesct immedately (o ground plane. The part is designed
1 vecel froen & 2.7V 50 3.3V supply.

COMA IN+

COMA Batanced inpat pir. This pia & ternally DC bissed and should
b DG biocked i cormactond %o a devics with a D0 el preseat. Far sin:
gha-andad input oparation, one pe s used a8 an input and the other
CIIRA ingul is AC coupled o ground. Tha balaneed irgul impadance is
2AKEY, white the single-ended Biput impedancs i 1. 2R0E

Same as pin 4, excepl complementary inpat.

Hew pincd.

Greing convtecion. Keep Haces physicaly short and connhect immadi-
ately 1o proutd plana for basl padarmance,

Same as pin B.

Lo~ e,

FI Balancod lrgul pir, This pin is intetsally DO biased ard should be
(G bicckend if carnactad 1o a dedos with DT prassat, For single-ardisg
input operation, one pin is used 88 an inpul and the other FM inpat is
AC coupled 1o groured. The badanced ingul impadance is 2 4k whils
the single-saded ingul impedance is 1.2k

FM IN-

Same ag pin B, excepl complementary npat.

Bee pin B,

10

BG OUT

Bandgap Violage Reforence. This voltage, constart over lerparature
and supply varation, is used W bias internal cemuils. A 10NF sxtemal
bypiss capacilan is raquired. The tace kngth Betweer 11w pirs and 1he
typass capacitor shoukd e minimized, The ground sisa of the bypass
capacion should conmest immediately 1o gound plane.

11

~ DEC

MG degoupiing pin. An cxlernil Dypass capaciior ol 10nF capacice s
requiret, Thir biaoe length bebenen e pitnand the bypuss cagacilor
shiukt e minimized. The grovnd side of 1he bypass capacsar shoald
cemnuct immadiabely fo grourd plane.

12

L Balancad Input pin. This pin i3 irdsnsally DO biassd and shouks be
(I biocksd if cornected fo a device with DO present. For single-snded
inpul operation, ore pin i ased s an ingut and Hhe ofher LO npat i
AL cotgded 1o ground. The oguency of the sigrad apglied o thasa
ping is internaily divided by & fackor of 2, tenos this carrier fraquency for
the medulator becomas ane e of te applied neguarcy, The xingle
wnoerd inpud impedancs is 40042 balanoed is BROLY, Tha LO irgad may
b diven singia-endad Lut balanoed provides oplimum gain and phase
balance,

A0 0% 41

L8 e

13

LO+

Same a8 pin 12, axcep! complemertsny input.

Gea pin 12,




Pin

Function

Description

Interface Schematic

14

TN SEL

Selects betwean COMA and FM mode. This i & digitaly controed
irgadl, A dogic Hgh” (2VOE-0.7 Ve selocts COMA mode. A logic "
{1 BN o) selects FM moda, The npedance an ths pin is 20k

16

Q OuUT-

Balancad Baseband Outpe o O Miver, This pindis intarnaily DO biased
ared should be DG Blocked axtarnally, This outpat 3 active in both
COMA and FM modes. The culput can be used in & singls-endad tor-
tiguration by leaving one of the e pins unconneded, howiver hall the
outpul woltags will be losl. Each pin should b Ioaded with 2.5k(2 The
biadanced load shouks be Skix The single-anded autpat impedances &
12541 while the balanced oltpuat sipedancs i 2450

[E VS L

.

16

Q OUT+

Kame ax pin 15, encepl complamentary oulpal.

Bee pirn 15,

17

GND

Hurna as pin 6

18

FL-

Balanced AGC OulputDiemad Inpul. This balanced node is paamed oot
b alloss shunt filtering of thie AGE culpet signat as f enters the demod-
uilitar. Thee basic caonfiguration af e Ber should consist of & shunt
insucton end shunt capacitor, both corsebad 10 1he power supply, a8
B irdeenal chreuitry requites 1his power supaly conmaeetion thiough the
ingushor o operabs,

19

Surna &% pin 18, sscepl cumplementary

20

GND

Barne as pin 6,

21

10UT+

Balarcad Basobard Output of | Miser, This pi is intermalty DG biasad
arsd should be DG Blocked axternally, This output 3 gotive in both
COMA and FM modes. The sulpet can b used in a singh-endad oo
Higuestion by beaving one of the twe ping uncoanacied, however hall the
outpul wltage will ba lusl. Each pin should be loaded with 2.5kiz The
Batancad lnad ghouks Be BkiL The single-andad culpal inpedance i

1. 2541, whilie Ihe balanced oulpal engeshancs is 2 k0

2E
E:
[Ea R

(R

22

Sarne A% pin 29, escepl cumplementary aidput.

S piry 22

23

Aratoey Gain Condral for AGC Serpiifiees. Thi valid sordeal nsngge s from
(.5 10 2.6V Thase voltagas are valid for ONLY 8 37K souncs
impadance. The gain range tor e AGE is 9508,

3
oy
<

L
Fen
:

Pin

Function

Description

Interface Schematic

PD

Powal Down Contiol, Whan [ogic Tigh™ (2¥se 0.3, all cireuits ae
operaling: when logic "low” (0.5, & cicuils are amed off, The inpal
imrgsondancs of his pin ix 10k4

s

el

53



