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Purpose
Undertaking this exercise will provide the candidate with several advantages. This exercise will
help to reenforce your understanding of transmitters and receivers in the following areas.

e Helps to formulate and grasp the concept of a transceiver.

e Understand the block diagram of a SSB receiver and transmitter,

e Appreciate the relationship between a block diagram and a circuit diagram.
¢ Follow the block diagram and circuit diagram though the entire circuit.

e Develop a greater appreciation for components used in circuitry.

e Understand the concept of heterodyning.

Why pick a transceiver?

The transceiver combines the receiver and transmitter in one entity. In a transceiver, common
circuitry is shared between the transmitter and receiver. This understanding would not be
developed by studying a receiver and transmitter in isolation.

Why choose this transceiver and not a common named manufactured one?
This transceiver uses mostly discrete components and is basic. Newer transceivers are digital and
have complex add on features.

Do I have to study all this?
That is up to you. If you want a good understanding of receivers and transmitters this is a good
place to start.

This is too intricate and detailed for me.
Do not be over awed by the size and intricacy of the diagrams. The entire circuit is dissected for
ease of understanding.

Do not try and understand the transceiver in one bite. Take it in stages and appreciate the
connection between the stages.

Queries
If you have any suggestions or queries, contact me HERE
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Transceivers
A transceiver combines both a transmitter and a receiver in a single unit. There is circuitry
common to both transmit and receive and these are shared.

\V4

Speaker

Receiver

Transmitter 4—“

Microphone

For this exercise we will examine a SSB multiband HF 5 W transceiver. The transceiver will be
described in block form, and each block will be related to the actual circuit diagram.

The transceiver we will revise is the “Low Noise Floor SSB Transceiver for 80m to 15m” by lulian
Rosu, YO3DAC / VA3IUL, http://www.gsl.net/va3iul/. He has kindly given permission to use these
diagrams for training purposes. His web site is worth a visit and has a wide selection of projects for
the amateur operator.

Block Diagram
The block diagram, in printable PDF, can be found HERE or on line at
Low Noise Floor SSB_TRX YO3DAC-VASIUL.

The block diagram of the transceiver is shown below.

Circuit Diagram
The circuit diagram can be found HERE or on line at Low_Noise Floor SSB_TRX YO3DAC-
VAS3IUL.

This diagram is large and not suitable for a one A4 page. The circuit below is bisected to allow you
to appreciate the complexities and size of the original drawing.
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3SB Transceiver for 80m
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RECEIVER

Overview
The purpose of a radio receiver is to capture radio signals and extract the intelligent message from
the signal.

As the steady state of the transceiver is in the receive mode, we will start with the receive circuitry.
The receiver is broken down into easy analysed sections.

Characteristics
There are three important characteristics for any receiver, often called the 3Ss.

Sensitivity
Sensitivity is the receiver’s ability to pick up weak signals. This is commonly rated as a signal level
in micro volts at the receiver’s input from the antenna.

In this transceiver, there is no radio frequency amplification after the antenna. The first amplifier is
the Low Noise Amplifier (LNA).

The signal losses through the filters after the antenna mean the transceiver is not overly sensitive.
This is where the purpose of the transceiver needs to be considered.

This low power amateur radio transceiver can be portable so is not designed to detect the weakest
signals. However, the radio is fit for purpose with the designed level of sensitivity.

Selectivity
Selectivity is the radio’s ability to pick out the desired signal from all the other signals.

The bandwidth of the transceiver’s High Pass Filter (HPF) and Band Pass Filter (BPF) just after
the antenna will determine how selective the transceiver is.

Stability
The accuracy and steadiness of the Variable Frequency Oscillator (VFO) will define the stability of
the transceiver.

Any oscillator instability will cause the transceiver to drift off frequency.

Heterodyne Receiver
A heterodyne receiver has mixers which combine two frequencies to shift signals from one
frequency range into another.

Two signals at frequencies f1 and f2 are mixed, creating two new signals. These signals are f1 + 2
and f1 — f2. The new signal frequencies are called heterodynes. Only one of the heterodynes is
required and the other signal is filtered out.

This receiver has four mixing or heterodyning stages to drop the signal from the radio frequency to
an audible signal.

The figure below shows receiver’s heterodyning stages in block form. The frequencies shown are
what the receiver produces. Filters, amplification and demodulation are not included in this figure.
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Band Selection and VFO Frequencies

Band Low High VFO Low  VFO High fA
80m ASF 3.0 MHz 3.7 MHz 14.2 MHz 144 MHz  10.7 MHz
80mA 3.776 MHz 3.6 MHz 14476 MHz  14.5MHz  10.7 MHz
40m 7.0 MHz 7.3 MHz 17.7 MHz 18 MHz 10.7 MHz

30m 101 MHz __ 10.15MHz __ 208MHz _ 20.85 MHz _ 10.7 MHzZ
20m 140MHz _ 1435MHz _ 240MHz _ 25.05MHz _ 10.7 MHzZ
W 17m __ 18.068 MHz 18.168 MHz 28.768 MHz 28.868 MHz 10.7 MHZ

15m 21.0MHz _ 2145MHz 317 MHz  32.15MHz _ 10.7 MHz

Mixers
st nd rd th
RF Signal 1 2 3 4 Speaker
.'. fA .’ B .’. fC .’. AF
If RF is < 10 MHz use LSB
If RF is > 10 MHz use USB
Oscillators
fA to fB fB to fC fC to AF
fA 10.7 MHz fB 455 kHz fC 97 kHz
LO2 10.245 MHz LO2 358 kHz BFO 97 kHz USB or LSB

fB 10.7 - 10.245 = 455 kHzfC 455 - 358

97 kHz AF Audio frequencies

Heterodyning Overview

1st Mixer
The incoming RF signal is mixed with the Variable Frequency Oscillator (VFO) signal produces
and this produces signal fA.

The VFO is usually the large dial on the front of a HF radio that is used to scan across the
frequencies.

The table above the figure shows the frequencies associated with this transition.
The resultant signal is 10.7 MHz.

2" Mixer
fA will always enter this stage as a 10.7 MHz signal.

LO2 is running at 10.245 MHz.
The resultant signal will be 455 kHz.

34 Mixer
fB will always enter this stage as a 455 kHz signal.

LO3 is running at 358 kHz.
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Australian Amateur Radio Advance Licence Theory

The resultant signal will be 97 kHz.

4t Mixer
fC will always enter this stage as a 97 kHz signal.

BFO is running at 97 kHz USB or LSB
The resultant signal will be audio.

Automatic Gain Control (AGC)

AGC is a function found in audio and radio systems that automatically adjusts the gain
(amplification) of a signal. This control ensures a consistent output level despite variations in the
input signal's strength.

USB and LSB
General practice in amateur radio is to use LSB for frequencies below 10 MHz and USB for
frequencies above 10 MHz.
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Rx Section R1

Antenna
The received signal is collected by the antenna.

S21a

After the antenna, the signal passes through a signal relay. This relay changes over when you
close the Press to Talk (PTT) button on the microphone. The circuits show the relays in their
steady state of receive.

HPF
Next the signal passes through a High Pass Filter (HPF). AS marked, this filter cuts off any signal
below 2 MHz and allows higher frequencies to pass.

S31 to S36
These switches, side a and b, select the operational band for the receiver.

Band Pass Filter (BPF)
The BPF allows the signal for the selected band to pass. These filters are used for both the
receive and transmit circuits.

The full band filters are shown in the second page of R1 diagrams.

S21b
This is the second set of contacts on the S21 relay that changes when the PTT switch is closed.
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Section R1 Diagrams ANT
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Rx Section R2

S41aand b
This switch engages or bypasses the LNA.

LNA
The Low Noise Amplifier (LNA) comprises the JFETs Q1 to Q4 with the coupling done by TR1 and
TR2. This enables amplification of low-level signals.

Q1 to Q4 are VHF/UHF Amplifiers N-Channel JFETs J310.

The LNAis balanced to reject common-mode noise and improve linearity giving a better signal
quality.

Power
Power is supplied from the +20 V rail when in receive mode.
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Section R2 Diagrams +20 V Rx

Balanced LNA 4'7|:15|
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Rx Section R3

S41b and Sb51a
This signal enters this stage through S41b and exits the stage through S51a.

Image Rejection Filter
The IJF is a low pass filter (LPF) with a cutoff of 22 MHz.

TR3
TR3 is a coupling transformer ad provides impedance matching for the first mixer.

Mixer
The mixer takes the incoming RF signal and mixes with a signal from the VFO input to produce a
10.7 MHz signal.

Q5 to Q8 are VHF/UHF Amplifiers N-Channel JFETs J310.

Oscillator Input (VFO not included in the circuit.)
The oscillator input can come from a variety of sources. This oscillator input serves both transmit
and receive stages.

VFO Variable Frequency Oscillator a device that generates a variable frequency.

VCO Voltage Controlled Oscillator.

DDS A Direct Digital Synthesis Variable Frequency Oscillator uses digital synthesis to
create the desired frequency.

+7dBm Specifies that the signal must be 7dB greater than one milliwatt. This works out to be
5 mW.

TR4

TR 4 provides the impedance matching for the incoming oscillator signal.

Power
Power is supplied from the +20 V rail when in receive mode.
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Section R3 Diagrams
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Rx Section R4

S51a and S51b
This signal enters this stage through S51a and exits the stage through S51b.

Roofing Filter

A roofing filter is a wideband filter to limit the frequency range before it reaches the next stages.
The filter protects later stages from overload from strong signals outside the desired frequency
band. This is a band pass filter based on 10.7 MHz.

IF Amplifier

The IF amplifier, Q9 to Q12, increases the signal strength at the IF frequency. The amplifier
configuration is common gate which provides a low input impedance and a high output
impedance.

TR6 and TR7
TR6 and TR7 provide the impedance matching for this stage.

Power
Power is supplied from the +20 V rail common to both transmit and receive mode.
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Section R4 Diagrams
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Rx Section R5

S51b
This signal enters this stage through S51b.

TR8
TR8 provides an impedance match for the signal to the mixer.

2" Mixer
The second mixer, Q13 and Q14, mixes the incoming 10.7 MHz signal with the 10.245 MHz signal
from the BFO to produce a 455 kHz IF signal.

TR9
TR9 provides the impedance match for the mixer and the incoming signal from the BFO.

TR10
The resultant 455 kHz IF signal is matched to the IF amplifier through TR10.

2" |[F Amplifier

Amplification is achieved using a BF992 identified as Q15. ABF992 is a silicon N-channel dual
gate MOS-FET used in television tuners, FM tuners and professional communications equipment
with a 12 V supply voltage. One gate is controlled by the incoming signal and the second is
controlled by the Automatic Gain Control (AGC) feedback.

Tapped Inductor
The signal passes to the filter via a tapped inductor.

2" |F Filter
This filter is a package CFJ455K-14 2.4Khz CERAMIC SSB FILTER designed to allow 455 kHz
signal to pass with a 2.4 kHz band width. Signals between 452.6 and 457.4 kHz will pass through.

TR11
The signal exists the section through TR11.

Power
Power is supplied from the +20 V and the +13 V rail in the receive mode.
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Section R5 Diagrams
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Section R5 LO (See below)
The Local Oscillator (LO) is a dedicated oscillator to reduce the frequency of the incoming signal
through mixing.

BB201

The BB201 is a Low-voltage variable capacitance double diode. This device has several names
such as varicap diode, varactor diode, variable capacitance diode, variable reactance diode or
tuning diode. This diode is designed to use the voltage-dependent capacitance of a reverse-
biased p—n junction.

These devices are commonly used in voltage-controlled oscillators, parametric amplifiers, and
frequency multipliers.

Note The diode is biased with a -5 V supply on the anode side of the diode.

Oscillator
The presence of the 10.245 MHz crystal identifies this as a version of the Pierce oscillator.

Q28 and Q29 are BFR93s (Outdated) which are NPN transistor primarily intended for use in RF
wideband amplifiers as amplifiers or buffer stages.

Incoming signal of 10.7 MHz minus LO frequency of 10.245 MHz equals the IF frequency of 455
kHz.

Power
Power is supplied from the +8 V rail and the -5 V rail in both transmit and receive mode.
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Rx Section R6

TR11
This signal enters this stage through TR11.

IF Amplifier 455 kHz
Q16 is a BF992 a Silicon N-channel dual gate MOS-FET. One gate has the incoming signal, and
the second gate has the AGC signal feedback.

2 x 1N4148 Diodes
These diodes would hold a positive voltage at the drain of Q16.

TR12
Provides the impedance matching between stages.

3rd Mixer
Q17 is the mixer. The oscillator signal of 358 kHz on one gate and the incoming signal of 455 kHz
on the other gate. The resultant signal is 97 kHz. (455 - 358 = 97)

TR13
The signal exits the stage via TR13.

3 IF Filter
This filter is a Low Pass Filter (LPF) with a cutoff of 120 kHz.

TR14
The signal 97 kHz exits the stage through TR14.

Power
Power is supplied from the +13 V rail when in receive mode.
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Section R6 Diagrams
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Section R6 LO (See below)
The Local Oscillator is based on the crystal at the left of the circuit.

The frequency 3.579545 MHz, often rounded to 3.58 MHz, is the colour subcarrier frequency used
in the NTSC (National Television System Committee) colour television standard.

This signal is amplified and then divided by ten In IC3 (74LS90). The resulting signal is 358 kHz.

Power
Power is supplied from the +5 V rail and the -5 V rail in both transmit and receive mode.

LO
B 358 kHz
— =
100nF Leaopr
1c3 1._2 .4uH Z.Z2uH
220pF
—F

1.5nE] 680pEL_

50 = - =

BFR93 BFRO3 BFR93 74LS90
Divider :10
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Rx Section R7

TR14
This signal enters this stage through TR14.

IF Amplifier
Q18 is a BF992 a Silicon N-channel dual gate MOS-FET. One gate has the incoming signal, and
the second gate has the AGC signal feedback.

TR15
This signal exits this stage through TR15.

Power
Power is supplied from the +13 V rail when in receive mode.

Double Balanced Product Detector

A double balanced product detector is a used in demodulators for AM and SSB signals. A double
balanced product detector offers good isolation and suppression of unwanted signals by producing
the product of two input signals, typically a modulated signal and a local oscillator signal.

This double balanced product detector uses a "ring" configuration of switching diodes, BAR43S
Schottky switching diodes.

The SSB product detector, demodulates the incoming RF suppressed-carrier signal by mixing it
with a locally generated carrier (BFO)."

The BFO signal rapidly switches the diodes on and off. The signal (RF) is multiplied by this
switching action, producing the desired product signal (AF). The balanced nature of the circuit
ensures that the BFO and RF signals are suppressed at the output.

Simplified double balanced product detector diagram is shown below.

° A
P
IF
Modulated —e
Signal AF
o } I > Output
Ko RN A A
N O N
L] BFO l
Signal
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Section R7 Diagrams
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Section R7 BFO

BFO
A Beat Frequency Oscillator (BFO) is an oscillator used to convert the original modulated signal to
an audible signal. Mainly used in the conversion of SS and CW signals.

The BFO signal is slightly off the incoming signal and when mixed produces the audible tones.
The BFO also can select USB or LSB signals.

Power
Power is supplied from the +13 V rail when in transmit and receive mode.

USB s8 +13V Rx/ Tx
YSB-O ¢
_ s 2 L 2 : ] .
+|10uF
82 47nF 22 629| | 100nF _T_ u —t-

C “T100nF
H L H |+ = 47[]
26 o élSOmﬂ * 1Nii4n fOLSOuH []1.21:
T S e
220 i [
10k

[oos iz T

2N2222

USB, LSB, +/-1.5kHz
RX BFO 97kHz
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Section R8

AF Pre-amp
Preamp is performed by Q19 and Q20 which are general purpose NPN transistors.

Mute
Q21 is a J310 JFET used for VHF/UHF Amplifiers. When the PTT is pressed, a voltage is applied
to the Gate of the JFET which mutes to sound.

Ic1
IC1 is a TDA2030 which is an integrated circuit intended for use as a low frequency class AB
amplifier.

Speaker
The speaker delivers the audible tones.

Power
IC1 is powered by +13 V rail when in transmit and receive mode.

The AGC and preamplifier are powered by +13 V when in receive mode.

Q21 is biased off (muted) when in transmit mode by the +13 V supply when in transmit mode.
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Section R8 Diagrams
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Section R9
Section R9 circuitry is not included in the block diagram.

The ancillary circuits include the IF AGC, AGC output and S meter.

Power
Power is supplied from the +13 V rail when in receive mode.

+13 V Rx é*gc'g
® IF Gain
. 4
10k
100k
L €l 1cs
e
e
= 7 10nF]
1 _IM358 —|—
r1(34 BAR43 J—
= 100nF
s L
AGC —.f_— 10k S-meter
Audio M358 |
1
100 ’l
BAR43C 100k 10k | 100nF

= —1_1——L.f__r—{|- =
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Transmitter

Overview
The purpose of a radio transmitter is to impose an intelligent message on an RF signal and send
the signal out the antenna.

When the Press to Talk (PTT) is pressed, relays in the transceiver activate and the transceiver
goes in to transmit mode.

The transmitter is broken down into easy analysed sections.

Transmitter heterodyning
There are two mixing stages in the transmitter.

1st Tx Mixer
This stage mixes the audio signal with the Beat Frequency Oscillator (BFO) and raises the carrier
to 10.7MHz USB or LSB as selected.

2nd Tx Mixer
The second mixer raises the signal from the 10.7 MHz to the RF signal frequency.

Remember — Heterodyning is achieved by f1 + f2 or f1 — f2.

Band Selection and VFO Frequencies

Band Low High VFO Low  VFO High fA
B0mASF 3.5 MHz 37MHz  142MHz _ 144MHz 107 MHz
80mA 3776 MHz _ 38MHz 14476 MHz 145MHz 107 MHz
40m 7.0 MHz 73MHz _ 17.7MHz __ 18MHz __ 10.7 MHZ
30m _ 101MHz _ 1015MHz _ 208MHz _ 20.85MHz _ 10.7 MHz
20m  140MHz _ 1435MHz _ 240MHz _ 2505MHz _ 10.7 MHz
W 17m _ 18.068 MHz 18.168 MHz 28.768 MHz 28.868 MHz _10.7 MHzZ
15m  21.0MHz _ 2145MHz _ 317MHz _ 3215MHz _ 10.7 MHZ

Mixers
RF Signal 2nd 1st
<« “ X “ AF .\
‘ ‘ Microphone
If RF is < 10 MHz use LSB
If RF is > 10 MHz use USB
Oscillators
fX to RF AF to fX
X 10.7 MHz AF Audio frequencies
VFO See table above BFO 10.7 MHz USB or LSB
RF Desired frequency fX 10.7 MHz
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Tx Section T1

Press To Talk (PTT)
When the PTT button is activated, the following relays change and switch the transceiver from the
receive to transmit operation.

e S6

e S11

e S21a

e S21b

e SbH1a

e S51b
Microphone

A microphone coverts audible tones to electrical signals. As this microphone has a DC voltage
applied, the microphone is a condenser type microphone.

A condenser microphone converts sound waves into electrical signals using a capacitor. The
sound vibrates one of the condenser plates varying the applied voltage.

LM381 (IC2)
The LM381 is a Low Noise Dual Preamplifier provides amplification of low-level signals in
applications requiring optimum noise performance.

This is the microphone preamp stage.

S6
S6 operates when the PTT is pressed.

SA612 (IC1)
The SA612 is Double-balanced mixer and oscillator with on-board oscillator and voltage regulator.

The oscillator can be configured for a crystal, a tuned tank operation, or as a buffer for an external
LO.

IC1 (SA612) mixer acts as a Double Side Band (DSB) modulator, suppressing the carrier. The
Double Side Band (DSB) signal goes further to the XF-10.7 crystal filter where one of the
sidebands is suppressed with a Single Side Band (SSB) signal remaining.

The SA612 has two switchable external crystals, via S7, driving the oscillator. These provide the
signals for either the USB or LSB.

Power
Above IC1is a 6.2 V Zener diode. The +8V supply voltage, in transmit and receive mode, is
dropped across the 100 Ohm resistor to provide a lower voltage of +6.2 V to IC1.
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Section T1 Diagrams
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Tx Section T2
This section is shared between the receiver and the transmitter.

S51a
S51 is activated by the PTT switch. The 10.7 MHz signal crosses S51a into the Roofing Crystal Filter.

Roofing Filter
A roofing filter is a wideband filter to limit the frequency range before it reaches the next stages. The filter protects later stages from overload
from strong signals outside the desired frequency band. This is a band pass filter based on 10.7 MHz.

IF Amplifier
The IF amplifier, Q9 to Q12, increases the signal strength at the IF frequency. The amplifier configuration is common gate which provides a low
input impedance and a high output impedance.

TR7
TRY provides the impedance matching.

S51b
The signal exits the section through S51b.

Power
Power is supplied from the +20 V rail when in transmit and receive mode.
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Tx Section T2 Diagrams
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Tx Section T3

Oscillator Input (VFO not included in the circuit.)
The oscillator input can come from a variety of sources. This oscillator input serves both transmit
and receive stages.

VFO Variable Frequency Oscillator a device that generates a variable frequency.

VCO Voltage Controlled Oscillator.

DDS A Direct Digital Synthesis Variable Frequency Oscillator uses digital synthesis to
create the desired frequency.

+7dBm Specifies that the signal must be 7dB greater than one milliwatt. This works out to be
5 mW.

Q27

Q27 is a BF199 is a NPN silicon transistor primarily used in RF (radio frequency) and video IF
(intermediate frequency) amplifier circuits.

This provides a buffer amplifier for the VFO signal.

TR21 and TR20
These matching transformers provide the impedance interface for the mixing stage.

Q25 and Q26
Q25 and Q26 are VHF/UHF Amplifiers N-Channel JFETs J310. These provide the mixing stage
where the 10.7 MHz signal is mixed with the VFO signal.

Power
Power is supplied from the +13 V rail when in transmit mode.
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Section T3 Diagrams
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Tx Section T4

S21a and S21 b
The relays change when PTT is activated.

Band Pass Filters (BPF)
The band pass filters are shared between the receiver and the transmitter.

However, as there are no active components, only passive components, in the BPF the signal can
pass through the filter either way. In this case, the transmit signal is passing through the filters in
the opposite direction.

All the filters are shown after the T4 diagrams.
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Section T4 Diagrams

Band Pass Filters
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Tx Section T5

TS is the final amplification stage for the signal.

First Driver

Q24

Q24 is a NPN 6 GHz wideband transistor for RF wideband amplifiers and Oscillators.
TR19

TR19 provides the impedance match between stages.

Second Driver

Q23

Q23 is a NPN 7GHz wideband transistor intended for wideband amplifier applications.
TR18

TR18 provides the impedance match between stages.

Q22
Q22 is the main power amplifier for the signal and uses a RDO6HHF1 MOSFET. The RDO6HH1 is
a MOSFET specifically designed for HF RF power amplifiers applications in HF band mobile radio
sets. Q22 has high power gain with the features below.
e Pout>6W.
e Gp>16dB
e Vdd =125V
e f=30MHz
TR17
TRA17 provides the impedance match to the output.
Low Pass Filter (LPF)
The LPF eliminates any spurious signals over 30 MHz.
S11
The relay S11 is activated by the PTT switch.
Antenna
The antenna provides the transmitter with a load to disburse the signal.
Power
Power is supplied from the +13 V rail when in transmit mode.
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Have fun and

stay safe.
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