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1 INTRODUCTION
Going into the bush or sitting on a mountain top and operating a QRP rig is one of the more
enjoyable aspects of the hobby.
Of course the rig requires a power supply and this means having to lug a battery along with you.
This used to be a large heavy lead acid type, such as a GEL cell, but today we have access to
smaller and lighter LiPo battery packs intended mainly for RC cars and planes. These marvels
offer many advantages. They are small, have high power to weight ratios and maintain their
terminal voltage for much longer. One problem, however, is that LiPo batteries do not like being
run flat. They should ideally be disconnected when the cell voltage reaches about 3.3 volts. If
you let them run too low then it is possible they will not recharge, or worse, be permanently
damaged.
The RBS (Radio Battery Switch) is a small and inexpensive device that provides a solution to
this problem. It’s installed between the battery and QRP radio, and contains a low battery
monitoring circuit that automatically turns off power once the battery falls below a pre-set limit.
It also has two pushbuttons to switch power on and off without the need to unplug cables, and
two LEDs to show status of the battery input and radio supply.

1.1 RBS FEATURES











Small and lightweight.
Easy to connect using screw terminals.
Can be used with most battery/power supplies and radios.
Low battery monitor automatically turns off power if battery gets too low.
Adjustable low voltage limit to match the battery type.
Battery LED indicates battery connected.
Radio LED indicates RBS is on and power is supplied to radio.
Simple and convenient on/off operation using pushbuttons.
Reverse polarity protected on battery input.
Optional series diodes to lower radio voltage if required.

Assembly is quick and easy as most of the components are surface mount (SMD) and come preinstalled on the PCB. There are only a handful of other parts to install.
A kit of parts for the RBS including everything you need is available from www.ozQRP.com.
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2 BATTERIES
While the RBS is mainly intended to be used with LiPo battery packs, in fact any suitable DC
source can be used. Some examples would be a car battery, a12V Gel cell or a bunch of
rechargeable NiMH cells.
All batteries start out with a high terminal voltage after being charged and gradually decrease as
they discharge. Figure 1 shows the typical voltages for three main battery types used for QRP
radio work.
Most radios are specified to operate from a nominal 13.8V power supply. This derives from 12V
automobile electrical systems where the charging voltage can range up to 14V. Considering this
manufacturers also set the maximum supply voltage to 15V.
Generally there isn’t a problem running a radio off batteries, however a 4 cell LiPo has a fully
charged terminal voltage of 16.8V (4.2V per cell). While this quickly reduces to around 15.2V
when a load is connected it may still be too high for some radios. To keep the RBS output
voltage within safe limits when using a 4 cell LiPo, the RBS comes with two series diodes on the
radio side which drops the voltage by about 1.5V.
If your radio is homebrew it can probably withstand the raw LiPo 4 cell voltage and so the
diodes can be removed. This can be done by either, desoldering the diodes and replacing them
with a wire link, or leaving them in place and bridging with a wire link.
If using a 3 cell LiPo or a Gel cell, or other supply that does not exceed the radio maximum
voltage limit, the series diodes can also be bypassed.

Battery Type
4 cell LiPo (4S)
3 cell LiPo (3S)
12V GEL cell

Fully Charged Volts

Approx. Operating Volts

Low Level Volts

16.8
12.6
12.8

15.2
11.4
12.2

13.2
9.9
10.5

Figure 1 Battery types and typical voltages

The RBS battery voltage monitoring circuit and automatic power off function is
always referenced to the battery voltage not the radio voltage.
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3 RBS SPECIFICATIONS







PCB size: 55 x 30mm
Fully assembled size: 60mm L x 35mm W x 26mm H
Maximum Battery voltage: 24V DC
Maximum Radio current: 3A(peak)
Battery drain – RBS off: 6mA
Battery drain – RBS on with no load: 25mA

Typical battery to radio voltage drop
Radio Current

Diodes Installed

No Diodes

100mA
1A

1.5V
1.8V

25mV
250mV

Figure 2 Example RBS and battery configuration
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4 CIRCUIT DESCRIPTION
4.1 BATTERY CONNECTION
The schematic of the RBS is shown in Figure 3. The power supply is connected to the 2
pin battery screw terminal block (TB1). Reverse polarity protection is performed by the
P channel MOSFET (Q1) and works like this. For a P channel MOSFET to be turned on
the gate must be at least 4V negative with respect to the source. The internal structure
of a MOSFET has a diode connected between the drain and source terminals and is
reverse-biased in its usual application. However in this circuit if power is applied with
the correct polarity, the internal diode will be biased on and the source voltage will be
around a volt below the drain voltage. The gate is effectively at ground potential
because of the 2.2K resistor and so the gate voltage is more than 4V negative with
respect to the source. This turns on the MOSFET and the drain to source becomes a very
low resistance, bypassing the diode, and supplying power to the circuit. If the power
supply is connected with reverse polarity the internal MOSFET diode will not conduct.
As a result the gate to source voltage never exceeds -4V and the MOSFET remains off
protecting the board. Zener diode ZD1 is included to protect the gate from over voltage
spikes.
The Battery LED turns on whenever the power supply is connected with the correct
polarity.

4.2 ELECTRONIC SWITCH
A second P channel MOSFET (Q2) acts as an electronic switch. It is normally held off by
resistor R3 holding the gate at the same potential as the source.
To switch on Q2 the gate must be pulled to ground via resistor R4. This is initially
achieved by pressing the ON switch. Under normal circumstances Q2 would turn off
once the switch was released. However a latching circuit incorporating N channel
MOSFET Q3 bypasses the ON switch when power is applied to the voltage monitoring
circuit.
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4.3 VOLTAGE MONITOR
Zener diode ZD3 and resistor R6 form a simple 3.3V voltage reference. This is buffered
by U1.B, one half of an LM358 dual op-amp. The second op-amp (U1.A) is configured as
a non-inverting voltage comparator. The 3.3V reference is applied to the inverting input
(pin 2) while the non-inverting input (pin 3) is connected to the wiper of trimpot VR1.
The trimpot senses the voltage of the power rail and hence the battery voltage. If the
voltage at the wiper of VR1 is above 3.3V the output (pin 1) of U1.A will be high. This
turns on Q3 via R11 and keeps Q2 on after the ON switch is released.
As the battery discharges, the voltage at the wiper of VR1 will reduce. If it goes below
3.3V the comparator will change state and the output will go low. This will turn off Q3 as
well as Q2 and disconnect power to the radio. Resistor R10 between the non-inverting
input and the output of the comparator provides 0.5V of hysteresis. This gives a positive
state change and stops the comparator oscillating if the two input voltages are around
the same voltage.
The low voltage limit is set with VR1, and is made variable to accommodate a wide
range of batteries and terminal voltages.
If the OFF button is pressed while the circuit is on, the voltage on the non-inverting
input will be pulled to ground, causing the comparator to change state and turn off the
electronic switch.

4.4 SERIES DIODES
The PCB includes two silicon power diodes in series with the radio supply. These are
only required if the radio cannot accept the full battery voltage. Each diode drops the
battery voltage by about 0.75 volts.

4.5 RADIO CONNECTION
The radio is connected to the 2 pin Radio screw terminal block (TB2). A green LED turns
on when the RBS is supplying power to the radio.
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Figure 3 Radio Battery Switch schematic

RBS Construction Manual – Issue 1

Page 9

5 KIT SUPPLIED PARTS
QTY
1
2
1
1
2
1
1
1
2

Item
RBS PCB
Screw Terminal Block
Red LED
Green LED
Pushbutton
Pushbutton cap
Pushbutton cap
Enclosure
Screws

Description
PCB. Small SMD parts installed.
2 pin 5mm pitch
5mm high intensity
5mm high intensity
PCB mount SMD 12mm tactile momentary action
Red (OFF)
Green (ON)
60mm x 35mm
4G x 6mm

6 PCB INDIVIDUAL PARTS LIST
Desig.
C1
C2
R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
VR1
Q1
Q2
ZD1
ZD2
ZD3
D1
D2
U1
SW1
SW2
TB1
TB2
LED1
LED2

Value
1uF
1uF
2.2K
2.2K
470K
1K
2.2K
1K
2.2K
1K
1K
470K
1K
2.2K
2K
FQD17P06
FQD17P06
16V
16V
3V3
S3B
S3B
LM358
ON
OFF
Battery
Radio
Battery
Radio

Type
Capacitor ceramic MLCC SMD 0805
Capacitor ceramic MLCC SMD 0805
Resistor 1% SMD 0805
Resistor 1% SMD 0805
Resistor 1% SMD 0805
Resistor 1% SMD 0805
Resistor 1% SMD 0805
Resistor 1% SMD 0805
Resistor 1% SMD 0805
Resistor 1% SMD 0805
Resistor 1% SMD 0805
Resistor 1% SMD 0805
Resistor 1% SMD 0805
Resistor 1% SMD 0805
Trimpot SMD
P channel Power MOSFET SMD TO252-3
P channel Power MOSFET SMD TO252-3
Zener diode 16V 500mW SMD SOD123
Zener diode 16V 500mW SMD SOD123
Zener diode 3.3V 500mW SMD SOD123
Diode 3A SMD SMB
Diode 3A SMD SMB
Dual Op-Amp SMD SOIC-8
PCB mount SMD 12mm tactile momentary action switch
PCB mount SMD 12mm tactile momentary action switch
Screw Terminal Block 2 pin 5mm
Screw Terminal Block 2 pin 5mm
5mm high intensity LED Red
5mm high intensity LED Green
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7 PCB CONSTRUCTION
7.1 GENERAL
The RBS is built on a high quality fibreglass PCB. The PCB is doubled sided with tracks and
ground plane on both sides.
Components are loaded onto the PCB from both sides. All the small SMD parts are installed on
the underside of the PCB. The top side has the SMD switches, LEDs and terminal blocks.
To assist construction the PCB has a screen printed component overlay and a solder mask to
help guard against solder bridges.

7.2 STEPS
Step 1: PCB
Remove the PCB from its protective bag. Check for damage during shipping. The PCB comes
shipped with the small SMD devices pre-installed.

Figure 4 Underside of PCB

Figure 5 Topside of PCB
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Step 2: Tactile switches
The two switches are 12mm tactile SMD types, but are easy to install without special tools.
Melt a small spot of solder onto one of the pads. Place the switch onto the pads. While holding
the switch steady place the tip of the soldering iron on the pad with the spot of solder to melt it
again. Remove the iron and let things cool and settle. Check the positioning of the switch. The
idea is to get the switch leads evenly positioned on the pads. If not in the correct spot, melt the
solder and move gently. Once the switch is located correctly solder the other leads without
using too much solder and heat. Then go back to the first pad and apply a little more solder to
ensure the joint is secure.

Step 3: LEDs
The red LED goes near the Battery terminal block, while the green LED is installed near the
Radio terminal block. The longer lead is the Anode lead and goes closest to each terminal block.
Insert into the PCB and hold flat against the board while soldering.
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Step 4: Terminal Blocks
Insert the terminal blocks into the PCB so that the openings for the wires face outwards from
the PCB. Ensure they sit flat and then solder in place.

Step 5: Switch caps
Push the red cap onto the OFF switch actuator, and the green cap onto the ON switch actuator.
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8 TESTING
8.1 GENERAL
Before applying power check the board over one more time looking for solder bridges and dry
joints. Also check the orientation of the LEDs.
The only items needed to set-up and test the RBS is a variable power supply, a multimeter and a
small Phillips screwdriver. The power supply needs to be capable of at least 15V DC and if it
does not have an accurate voltage display then you will need to measure its output with a
multimeter.

8.2 POWER ON
1. Connect the power supply to the Battery screw terminals, ensuring the positive wire
goes to the terminal marked with a ‘+’. Adjust the power supply for about 15V out.
2. Check that the red Battery LED turns on.

8.3 ADJUST THE LOW VOLTAGE LIMIT
1. Rotate VR1 fully clockwise with a small screwdriver so the wiper is at maximum voltage.
2. Adjust the power supply to the cut-out voltage for the battery you intend to use. For
example, if it’s a 4 cell LiPO the suggested value is 13.2V.
3. Press the ON button and check that the green radio LED turns on.
4. Slowly and smoothly rotate VR1 wiper anti-clockwise with the screwdriver until the
radio LED turns off.
5. Adjust the power supply voltage to the fully charged battery voltage. Press the ON
button and ensure the radio LED turns on and remains on once the button is released.
6. As a final check, slowly lower the power supply voltage while monitoring the radio LED.
It should turn off as the power supply passes the pre-set cut-out voltage.

8.4 OUTPUT VOLTAGE
1. Adjust the power supply voltage to the fully charged battery voltage. Press the ON
button and measure the voltage at the radio terminal block. It should be almost equal to
the battery power supply voltage.

8.5 POWER OFF
1. Press the OFF button. The radio LED should turn off.
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9 INSTALLING IN THE CASE
The RBS PCB is mounted in a case to protect the under board components from damage.
Place the PCB into the case and screw in place with two 4g screws into the corner posts.

Figure 6 RBS mounted in the case with 2 screws.
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10 OPERATION
The following sections describe how to use the RBS.

10.1 CONNECTING THE BATTERY
Insert the battery positive wire into the Battery screw terminal with the ‘+’ sign and tighten. Do
the same for the negative wire. If the battery is charged the Red Battery LED will turn on.
If the battery is connected with reverse polarity the Red Battery LED will not turn
on, and no damage will be done to the RBS or radio.

10.2 CONNECTING THE RADIO
The radio is connected to the Radio screw terminals. Ensure the terminal marked with a ‘+’ goes
to the radio positive wire.

10.3 ON BUTTON
Press the Green ON button to turn on power to the radio. The Green Radio LED will turn on.
If the battery voltage is below the RBS cut-out voltage, the Radio LED may turn on
but will turn off immediately the ON button is released.

10.4 OFF BUTTON
Press the Red OFF button to turn off power to the radio. The Green Radio LED will turn off.
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11 BYPASSING THE SERIES DIODES
As discussed in section 4.4 the series diodes are only required if the battery voltage is above the
maximum permitted radio power supply.
If they are not required they should be bypassed. This can be done in two ways:
a) Remove the SMD diodes and solder a wire link in their place.
b) Leave the diodes in place and bridge with a wire link. An example of this method is
shown in Figure 7.

Figure 7 Series diodes bypassed

The RBS is intended to be used with QRP radios which typically have low average
current drain.
If the series diodes are fitted to the RBS and the current drain is constantly over 1A
the diodes will get hot.
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