
 

Power System Design Guide                             Created on 19 June 2006 
Powerstax plc, Unit B5, Armstrong Mall, Southwood Business Park, Farnborough, Hants, GU14 0NR, UK 

Email: sales@powerstaxplc.com  Tel: +44 (0) 1252 407800  Fax: +44 (0) 1252 407810  www.powerstaxplc.com   

 
 
 
 
 
 
 
 
 
 

Power Systems 
Design Guide 

 

F501 & F351 Series DC-DC 
Converters 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Power System Design Guide                             Created on 19 June 2006 
Powerstax plc, Unit B5, Armstrong Mall, Southwood Business Park, Farnborough, Hants, GU14 0NR, UK 

Email: sales@powerstaxplc.com  Tel: +44 (0) 1252 407800  Fax: +44 (0) 1252 407810  www.powerstaxplc.com   

 
 
CONTENTS 
 
 
 

ANF501.1 OVERVIEW 3 
ANF501.2 SAFETY CONSIDERATIONS 4 
ANF501.3 CIRCUIT DESCRIPTION 6 
ANF501.4 OUTLINE SPECIFICATION 7 
ANF501.4.01 Input 7 
ANF501.4.02 Output 8 
ANF501.4.03 Common Electrical Characteristics 10 
ANF501.5 OPERATION 12 
ANF501.5.01 Remote Sense 13 
ANF501.5.02 Output Voltage Adjustment 14 
ANF501.5.03 Parallel Operation 16 
ANF501.5.04 Series Operation 17 
ANF501.5.05 Synchronization 19 
ANF501.5.06 Output Current Monitor & Overvoltage 20 
ANF501.5.07 Remote On/Off & Thermal Monitoring 21 
ANF501.6 INSTALLATION 22 
ANF501.6.01 Fusing & Reverse Input Protection 23 
ANF501.6.02 Output Overload 24 
ANF501.6.03 Zero Load Operation & Decoupling 25 
ANF501.6.04 EMI Filtering & Output Noise Measurement 26 
ANF501.6.05 Thermal Protection & Heatsinking 28 
ANF501.7 MECHANICAL DETAILS 29 
ANF501.8 TROUBLESHOOTING 30 
ANF501.9 CONTACT DETAILS 33 
 
 
 
 
 



 

Power System Design Guide                             Created on 19 June 2006 
Powerstax plc, Unit B5, Armstrong Mall, Southwood Business Park, Farnborough, Hants, GU14 0NR, UK 

Email: sales@powerstaxplc.com  Tel: +44 (0) 1252 407800  Fax: +44 (0) 1252 407810  www.powerstaxplc.com   

 

ANF501.1 OVERVIEW 
 
 
 
 
The Powerstax F501 & F351 Series of Power 
Modules are a range of high performance DC-
DC converters having a capability of supplying 
up to 500W into a load. 
 
The Power Modules incorporate integrated 
magnetics design and surface mount technology 
to achieve exceptional power density and 
reliability. 
 
They offer maximum versatility and can function 
as stand-alone units or in series/parallel output 
configurations. 
 
The Power Modules utilise a unique patented 
power converter topology, which provides 
continuous input and output currents.  They 
operate at a fixed frequency of 300 kHz and with 
current mode control, provide stable 
performance into the majority of loads, including 
highly capacitive loads 
 

Modules of the Powerstax F501 & F351 Series 
have excellent thermal properties and are 
mechanically robust. 
 
Powerstax has developed a new power supply 
topology. The patented topology is one of the 
few to be produced in volume that supplies 
continuous input and output current and is an 
important new addition to this family of 
converters. 
 
The major benefits with this topology are, 
 
Interleaved circuit operation. 
Fixed frequency of operation 
Integrated magnetics. 
Full H bridge transformer 
Current-doubler rectifier. 
 
Small, compact and power efficient modules are 
realized with these techniques. 
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ANF501.2 SAFETY CONSIDERATIONS 
 
Warnings 
 
This section contains important warnings relating 
to: 
 
• DC Inputs 
• Equipment Classification 
• DC Outputs 
• Modules 
• Location and Environment 
• Servicing 
• EMC Compliance 
• Batteries (if applicable) 
• Inspecting the Equipment and Reporting 
Damage 
• UL Approval 
 
DC Inputs 
 
- For continued protection against risk of fire the 
48V DC input must be provided with a fuse rated 
max. 20A in the supply. 24V and 32V input models 
must be provided with a fuse rated max. 40A and 
50A for 12V input units. 
-The DC power cables must be suitably rated for 
the environment and DC power distribution 
system. In addition, these DC power cables must 
be approved and installed to comply with local 
wiring regulations.  
 
Equipment Classification 
 
- In order to give the designer flexibility with regard 
to grounding, the metal base plate of the power 
modules is isolated from the internal circuitry. In 
Class I applications, where a safety ground is 
provided, the base plate must be connected to the 
safety ground. In Class II applications where no 
ground is provided, the base plate and any 
conductive parts to which it is connected must be 
situated such that they do not present a shock 
hazard in the event of insulation failure between 
the input circuitry and the base plate. 
- The modules being DC input produce no earth 
leakage current that would need to be considered 
for the design of any upstream Residual Current 
Devices (RCDs). 
 
DC Outputs 
 
- The DC output of a module is floating with 
respect to earth, in customer applications either 

the positive or negative output of the DC output 
may be referenced to earth if required. 
- Modules may have voltages across the Vin and 
Vout terminals after withdrawing the power. The 
voltages, stored as a charge on capacitors, may 
not decay to low levels immediately. System 
designers should take this into account when 
gaining access to the modules within the 
equipment. 
 
Modules 
 
- The modules are designed to operate at elevated 
temperature and may become hazardous to touch. 
Care must be exercised by the system designers 
to prevent possible contact. 
- Do not attempt to disassemble the module. 
Return them, (in their original packaging) along 
with the completed Return Materials Authorization, 
to your local Powerstax product representative for 
replacement or repair. 
 
Location and Environment 
 
- The modules are intended for use within suitable 
enclosures and safety must be considered in 
positioning the modules. 
- The location must provide adequate airflow 
around the unit and heatsink, in an atmosphere 
free from excessive dust, corrosive fumes or 
conductive contaminants. 
- Dust build-up around the module or heatsink 
may cause premature failure. In dusty 
environments, either install the module in a sealed 
and air-conditioned equipment room, or provide 
fan assisted filtered air to create a positive 
pressure environment inside the equipment room. 
Both options require regular cleaning of the air 
filters. 
- Do not allow water or any foreign object to enter 
the module. Do not place objects containing liquid 
on top of or near the unit. 
 
Servicing 
 
- The DC modules contain hazardous voltages. Do 
not attempt to disassemble or service the unit if 
you are not qualified. Only service personnel of 
Powerstax Plc or their authorized service agents 
are permitted to service the unit. 
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EMC Compliance 
 
- The DC modules may be used in close proximity 
to other electronic equipment provided installation 
is carried out according to instructions in this 
guide. However, proper installation and 
compliance with EMC standards does not 
guarantee that the DC modules will not respond to 
electromagnetic disturbances, or will not cause 
interference to other equipment in a particular 
installation. 
 
Batteries (if applicable) 
 
If the input or output of the module is connected to 
a battery system extra precautions need to be 
considered. 
- Always install the batteries according to the 
relevant battery manufacturer’s instructions. 
- Batteries are powerful sources of energy and 
present a potential electrical shock and energy 
hazard. The energy hazard is always present, 
even if the batteries are not connected. Avoid 
short circuiting terminals of opposite polarity. 
Remove or cover rings, wristwatch and other 
metal jewelry that might be exposed to battery 
terminals, before installing batteries. Always use 
insulated tools. 
- Ensure protection devices (fuses etc) in series 
with the battery are suitable for the potential short 
circuit current. 
 
Inspecting the Equipment and Reporting 
Damage 
 
- Unpack the DC module and inspect it carefully 
for possible damage that may have occurred while 
in transit. Next, check the equipment against the 
packing list (supplied with the equipment) and 
ensure that you have received the correct type of 
DC modules. 
- Report any damage or incorrect shipment 
immediately to your local Powerstax product 
representative. 
- Keep the original packaging. You will need it if 
any equipment needs to be returned to your local 
Powerstax product representative. 
 
UL Approval 
 
A range of the power modules are UL recognized 
under file number E240157.  Under this file there 
are a number of conditions of acceptability which 
are covered in the relevant parts of this guide.  
Those relevant to the end user are detailed below:  
 

For use in or with complete 
equipment where the 
acceptability of the combination 
is determined by Underwriters Laboratories Inc. 
When installed in an end-product, consideration 
must be given to the following: 
- Proper bonding to the end-product main 
protective earthing termination is: required when 
the power supplies are supplied from hazardous 
voltage secondary circuits. 
- The following end-product enclosures are 
required: Fire, Electrical 
- 48V input models must be provided with a fuse 
rated max. 20A in the supply. 24V and 32V input 
models must be provided with a fuse rated max. 
40A and 50A for 12V input units. 
- The following components require special 
consideration during end-product Thermal 
(Heating) tests due to the indicated maximum 
temperature measurements during component-
level testing: Baseplate (limit 100°C) in normal 
operation 
- De-rating. The following models have de-rating 
as shown: 024-120; 024-150; 024-240; 024-280 - 
450W max output with baseplate max 100°C 
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ANF501.3 CIRCUIT DESCRIPTION 
 
The topology shown in the figure below details 
the fundamental items in the Powerstax Series 
of Power Modules.  Interleaving, by virtue of the 
circuit operation with the switching elements 
Rs11, Rs12, Rs21 and Rs22, lowers the ripple 
current content within the input current, Ii. The 
same also holds for the output ripple current, 
thereby lessening the ESR requirement on the 
output capacitor Co and still achieving low 
values of ripple on the output voltage, Vo. 
 
Interleaving considerably reduces the stresses 
on the switching elements Rs11 through to Rs22 
and on capacitors C1 and C2 compared to non-
interleaved topologies.  The current flow is split 
into two halves reducing the stresses in the 
magnetics.  The effective switching frequency is 
doubled by the addition of the interleaving 
waveforms. 
 
The fixed operational switching frequency 
reduces the difficulty associated with the design 
of additional filters for stringent applications.  
Due to the interleaving the switching elements 
each operate at half the overall oscillator 
frequency, that is with a nominal frequency of 
300kHz, the switching elements each operate at 
150kHz.  These switching elements are 
synchronized to the main oscillator so that the 
there are no ‘beating’ or ‘hunting’ frequencies in 
the input or output ripple. 

The switching frequency can be linked to an 
external system clock frequency thereby 
preventing any possible interactions. 
 
The magnetics are combined into one integrated 
structure. By using all three limbs, ripple current 
steering to both input and output can be 
achieved.  This further decreases the input and 
output ripple current, minimizing the filter 
requirements and reducing both the value and 
the physical size of the magnetic structure and 
the output capacitor.  To realize a fully integrated 
magnetic structure using three limbs of a 
conventional core, the inductors L1 and L2 are 
placed on the outer legs and the transformer, X, 
placed on the centre leg. 
 
The primary of the transformer, Xp, is driven as 
a full H-bridge configuration by the switching 
elements Rs11 through to Rs22 using the 
boosted voltage stored on capacitors C1 and C2.  
Driving the transformer in two quadrants of the 
BH loop achieves an exceptionally high 
magnetic utilization. 
 
The current-doubler rectifier, comprising diodes 
D1 and D2, inductors L1s and L2s, simplifies the 
secondary winding of the transformer, Xs, to 
achieve the highest efficiency of rectification,  
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ANF501.4 OUTLINE SPECIFICATION 
 

ANF501.4.01 Input 
 
Absolute Max Ratings 
 

 Units 12V 24V 48V 
+Vin to -Vin Volts -0.5 to 25 -0.5 to 50 -0.5 to 100 
+Vin to -Vin <1 sec Volts 30 62.5 120 
SYNC to -Vin Volts -1.2 to 7 
ON/OFF to -Vin Volts -0.3 to 7 

 
 
Performance Ratings 
 

12V 24V 48V   
Units 

Min Nom/Typ Max Min Nom/Typ Max Min Nom/Typ Max 
Operating Range Volts 11 12 18 18 24 36 38 48 75 
Undervoltage turn-on Volts  10.65 11  17.3 17.94  34.6 35.9
Undervoltage turn-off Volts 8.83 9.07  14.47 14.9  28.2 29  
Overvoltage turn-on-
off Volts 18.36 18.89 19.44 37.23 38.3 39.48 76 78.7 88.1

Input current, nom i/p 
volts full power Amps  36.9   24.4   11.7  

Dissipation - Standby Watts  0.3   0.7   1.3  
Input fuse rating Amps   50   40   20 
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ANF501.4.02 Output 
 
Absolute Max Ratings 
 

 Units 12V 15V 24V 28V 48V 
+Vout to -Vout Volts -0.5 to 20 -0.5 to 25 -0.5 to 40 -0.5 to 40 -0.5 to 62.5 

+S to -Vout Volts -0.5 to 20 -0.5 to 25 -0.5 to 40 -0.5 to 40 -0.5 to 62.5 
-S to -Vout Volts -0.3 to 5 

TRIM to -Vout Volts -0.3 to 5 
 
Performance Ratings 
 

12V 15V 24V  Units 
Min Nom/Typ Max Min Nom/Typ Max Min Nom/Typ Max 

Output Voltage 
Setpoint Volts 11.92 12 12.08 14.9 15 15.11 23.83 24 24.17

OVP Setpoint  
(non latching) Volts 14.42 14.64 14.86 18.12 18.41 18.71 29.3 29.8 30.2 

Line Regulation  mV  ±10 ±30  ±10 ±37  ±12 ±50 
low to high and high to low input voltage, full load 

Load Regulation mV  ±10 ±30  ±10 ±37  ±12 ±50 
no load to full load and full load to no load, typical input 

Temperature 
regulation mV/°C  -0.7   -0.7   -0.7  

Ripple mVp-p  58   60   89  
Current Limit Amps 42.71 47.56 52.55 33.92 38.52 43.25 21 23.12 25.2 
Short circuit 
current limit Amps  8 15  8 16  6 10 

Power sharing 
accuracy %  ±2 ±5  ±2 ±5  ±2 ±5 

Transient 
response mV  450   450   450  

peak deviation (50 to 100 & 100 to 50% step load change) 
Transient 
response µs  500   500   500  

settling time to within 10% of peak deviation 
Remote sense 
(total drop) Volts   1.17   1.9   2.6 

SHARE output  Volts 1.511 1.647 1.787 1.189 1.313 1.442 1.524 1.66 1.801

Referenced to -S @ maximum output current 
SHARE current 
monitor mV/A  39.5   39.4  72.6 79 85.7 

SHARE Output 
resistance Ohms  47   47   330  
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28V 48V  Units 
Min Nom/Typ Max Min Nom/Typ Max 

Output Voltage 
Setpoint Volts 27.81 28 28.2 47.66 48 48.34 

OVP Setpoint  
(non latching) Volts 31.6 32.08 32.57 55.77 56.67 57.58 

Line Regulation  mV  ±15 ±60  ±25 ±100 
low to high and high to low input voltage, full load 

Load Regulation mV  ±15 ±60  ±25 ±100 
no load to full load and full load to no load, typical input 

Temperature 
regulation mV/°C  -0.7   -0.7  

Ripple mVp-p  75   78  
Current Limit Amps 17.98 20.31 22.71 10.6 11.7 12.84 
Short circuit 
current limit Amps  6 9  6 10 

Power sharing 
accuracy %  ±2 ±5  ±2 ±5 

Transient 
response mV  450   450  

peak deviation (50 to 100 & 100 to 50% step load change) 
Transient 
response µs  500   500  

settling time to within 10% of peak deviation 
Remote sense 
(total drop) Volts   3.1   4.77 

SHARE output  Volts 1.282 1.409 1.541 1.713 1.856 2.003 
Referenced to -S @ maximum output current 

SHARE current 
monitor mV/A  78.9   178.1  

SHARE Output 
resistance Ohms  47   47  
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ANF501.4.03  Common Electrical Characteristics 
 
 

  Units Min Nom/Typ Max 
ON/OFF disable (external open collector or equivalent drive circuit(  Volts 0 2.4   
ON/OFF enable (external open collector or equivalent drive circuit)  Volts   2.7 5 
ON/OFF driven voltage (external drive source voltage) Volts     7 
ON/OFF enable delay (to 50% output voltage, +Vout to –Vout) ms   2 5 
ON/OFF pull up resistance (internal pull-up resistance to 5V) Ohms   18k   
ON/OFF series resistance (internal pull-down resistance to -Vin 
when overtemp, OV or UV tripped) Ohms   220   

  
ON/OFF over temperature (OT) shutdown (increasing baseplate 
temperature, center) °C 100 105 110 
ON/OFF restart temperature (decreasing baseplate temperature, 
center) °C   90   
ON/OFF temperature sense voltage (advance temperature trip 
warning voltage limits) Volts   2.7 4.5 
ON/OFF temperature sense voltage (advance temperature trip 
warning @90°C) Volts 3.25 3.5 3.75 
ON/OFF temperature sense voltage (temperature sense voltage 
prior threshold) Volts 2.4   2.7 
ON/OFF temperature sense voltage (temperature sense voltage 
post threshold) Volts 1.8   2.4 
ON/OFF temperature sense voltage (temperature sense after 
restart) Volts   3.5   

  
ON/OFF alarm (UV and OV fault alarm, sink 1.5mA) Volts     0.8 
ON/OFF alarm (OT trip voltage) Volts 1.8   2.4 

  
SYNC amplitude (external drive source voltage) Volts 3 4 7 
SYNC width (maximum tr and tf is to be nominally 10% of pulse 
width) ns 50 100 200 
SYNC control range (single and multiple modules) kHz 320 330 360 
SYNC resistance (resistance to –Vin) Ohms   90   

  
TRIM voltage (referenced to –S)  Volts 2.487 2.5 2.513
TRIM resistance (internal series resistance)  Ohms   10k   
Trim adjustment range % 60  110 

  
Isolation voltage (input to output) Vrms 2000     
Isolation voltage (input to base) Vrms 1000     
Isolation voltage (output to base) Vrms 500     
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Storage temperature °C -40   125 
Operating temperature °C -20   100 

Operating altitude m 
Cooling of heatsink 

determines max altitude. 
Storage humidity (non condensing) % 5  95 
Operating humidity (non condensing) % 5  95 
Pin soldering temperature °C   260   

Pin soldering temperature °C   390   

 

MTBF - Bellcore TR332 Hours > 425,000 
 
 
Product Specific Characteristics 
 

12Vi  
  Units 12Vo 15Vo 24Vo 28Vo 48Vo 

Efficiency % 82.5   85   86.5 
Output power Watts 350†

   350†   350† 
       

24Vi  
  12Vo 15Vo 24Vo 28Vo 48Vo 

Efficiency % 85.5 86.8 87 88 89 
Output power Watts 500* 500* 500* 500* 500 
       

48Vi  
  12Vo 15Vo 24Vo 28Vo 48Vo 

Efficiency % 86.8 87.8 89.6 90.5 91 
Output power Watts 500 500 500 500 500 

 
 
Notes  
* for continued UL approval these units should be derated to 450W output power. 
† maximum baseplate temperature 85 °C, derate to 300W for 100 °C baseplate temperature.
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ANF501.5 OPERATION  
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ANF501.5.01 Remote Sense 
 
 
Remote sensing allows for the power module to 
provide a constant voltage at the load despite 
voltage drops in the connecting cables or pcb 
tracks.   
 
When not in use the remote sense pins should 
be connected to the output pins as shown below. 
This provides a stabilized voltage at the output 
pins. 

 
To compensate for the voltage drops on the 
output cable or pcb tracks the remote sense 
leads should be connected as close to the load 
as possible.  To avoid noise pick up the sense 
leads should either be screened or twisted or run 
parallel.  

 
Care should be taken to ensure that the correct 
polarity sense is connected at the load. 
 

The maximum volt drop that can be 
compensated for is defined in the specification 
for each module.  It should be noted that this is 
the total voltage drop in both the positive and 
negative lines. 
 
Potential break points in the load leads should 
not be included in the sense circuit.  This 
particularly applies to switches, circuit breakers 

or fuses.  The opening of the device would 
remove the connection between output and 
sense and could cause the unit to operate 
incorrectly.  Clearly where this is impractical the 
output should be connected as local sense and 
the output trim use to increase the output to 
compensate for the loss in the device.  
Alternatively where the potential break point is 
close to the load, the remote sense could be 
taken to the load side of this break point 
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ANF501.5.02 Output Voltage Adjustment
 
 
Fixed Adjustment 
 
This can be achieved using one resistor, 
connected from the positive sense (+S) to TRIM 
to trim the voltage up, and from the negative 
sense (–S) to TRIM to trim the voltage down.  
 
Fixed Trim Down 
 
The diagram below shows the reference and 
series resistors R1 and R2, which are internal to 
the converter. Connection of R3 causes a 
current to be drawn through R1, which reduces 
the voltage Vrt, applied to the error amplifier in 
the converter. Since the output voltage of the 
converter is proportional to the Vrt, a change to 
Vrt causes the output voltage to change by the 
same percentage. 

 
 
If it is desired to trim the output voltage down by 
X% of nominal, R3 can be calculated from: - 
 
R3 = (R1x100/X) – R1 –R2  
 
In the Powerstax F501 & F351, the values of R1 
and R2 are 10k producing R3 values as shown 
 

Fixed Trim Down - R3 
(kΩ) values 

%Trim Down R3 kΩ 
1 980 
2 480 
5 180 
10 80 

 
 
 
 

Fixed Trim Up 
 
For fixed trim up of Y%, the arrangement of 
Figure 4 is used where Vout is the desired 
output voltage. Analysis similar to that given 
above for trim down gives: 
 
R3=100xR1x(Vout–Vr)/(YxVr)–R1–R2  
 

The value of R3 is therefore dependent on the 
nominal output of the Power Module and the 
voltage Vr of the internal reference which is 2.5 
V. 
 
Potentiometer Adjustment 
 
In certain applications the output voltage may 
need variable adjustment to suit a particular 
requirement. This can be achieved by 
connecting a resistive network to the module as 
shown below. By changing the setting of the 
potentiometer the voltage of the main output can 
be varied. Selection of the value of the trim 
components is performed as follows: 
 
R3 determines the lowest voltage to which the 
module can be trimmed and is calculated as 
above with the fixed trim down. 
 

Fixed Trim Up -  R3 (kΩ) values 
Nominal Vout % Trim 

Up 12 15 24 28 48 
1 3838 5050 8686 10302 18382
2 1938 2550 4386 5202 9282 
5 798 1050 1806 2142 3822 
10 418 550 946 1122 2002 
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The calculation of R4 & R5 is more complex 
however taking a convenient value for R5 (10 
kΩ) then typical values of R4 are given below: - 
 

 
Note:  
The potentiometer must be located as close as 
possible to the sense pins in order to avoid stray 
noise affecting the Power Module performance. 
 

When the output voltage is 
trimmed below the nominal 
output voltage, the maximum 
available power output is reduced in the same 
proportion, as the Power Module delivers a 
constant maximum current. If trimmed up it is 
necessary to check that the maximum power 
from the Power Module is not exceeded, and the 
final output voltage is less than Over Voltage 
Protection (OVP) trip. If output voltage 
adjustment is required together with remote 
sensing the +S and -S pins are connected to the 
load as shown above. 
 
Maximum adjustment range of a standard unit is 
from 60% to 110%. 
 
CURRENT TRIM 
 
In certain applications such as the charging of 
batteries, it may be desirable to have control of 
the current limit of the converter. The Powerstax 
F501 & F351 series can be supplied with the trim 
pin arranged to give control of the current limit, 
with the output voltage factory set to suit the 
application. Such applications should be 
discussed with Powerstax applications 
engineers. 
 

 

Variable Trim -  R4 kΩ values for R5 = 10KΩ Pot 
Nominal Vout % Pot Trim 

12 15 24 28 48 
1 14.17 20.20 38.29 46.33 86.53 
2 14.34 20.40 38.57 46.65 87.05 
5 14.83 20.98 39.41 47.61 88.59 
10 15.62 21.90 40.76 49.14 91.05 
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ANF501.5.03 Parallel Operation 
 
The parallel connection of converter Power 
Modules is frequently required in order to boost 
the output power level. One of the major features 
of the Powerstax Power Modules is that they are 
designed to allow parallel operation with equal 
load sharing without the need to have a master-
slave scheme or additional external components 
for current sensing and control. 
 
A simple connection between the SHARE, +S 
and –S pins between the Power Modules is all 
that is required. Use of a twisted pair for the 
connection between the ±S pins is 
recommended if the interconnection is not made 
with copper tracks on a PCB. 
 
Note: 
The SHARE pin is connected to the output side 
of the Power Module and is galvanically isolated 
from the input side. Care is needed to keep the 
creepage and clearance distances to the 

required specifications of the equipment in which 
the Power Modules are fitted. 
 
The Power Modules should be mounted close to 
one another to make the connection +Vout and -
Vout between Power Modules as short as 
practicable. 
 
Only one set of ±S connections is required to be 
connected to the load when operating modules 
in parallel as the ±S connections between 
modules is adequate. 
 
Systems requiring several modules to be 
operated in parallel often require a diode placed 
in series with the +Vout for single point failure 
circumvention (redundancy). In this case the 
ORing diode anode is connected to the +Vout 
and all cathodes are summed. The +S 
connection is connected to the load side of the 
ORing diodes. 
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ANF501.5.04 Series Operation 
 
To provide output voltages greater than the 
maximum outputs of the modules the outputs of 
two modules can be connected in series.  The 
diagram below shows the recommended circuit 
for series connection.  The outputs of the units 
are connected as locally sensed due to the 
output diodes but can be trimmed up to 
compensate for the diode drop. 

 
The diodes in the output are fitted to prevent 
problems during start up or transient load 
conditions, the type specified are typical and the 
actual type used would depend upon the output 
voltage of the modules. 
 
Operation with single modules: 
 
In this case the output power of the overall 
system is still that of the individual modules.  

That is two 500W; 48V output units connected in 
series would provide a 500W 96V output.  The 
series-parallel section below shows the method 
of connection to provide higher power. 
 
Note, any trim circuit would be referenced to the 
–Vout of the module being adjusted. 
 

Operation with series-parallel operation for 
higher power: 
 
The diagram below shows the more complex 
Series – Parallel arrangement that will provide 
higher power as well as higher output voltage.  
The connections however are as expected just a 
combination of the parallel and series 
operations.  As with the single module series 
operations diodes are fitted in the outputs of the 
units.  If more convenient the dual diode 
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packages could be replace with single diodes 
and in this case D1B & D2B could be replaced 
with a single diode, similarly for D3b & D4B. 
 
As can be seen the share pins should be 
connected between the two units in parallel but 
not the series units.  Clearly the current from the 
two pairs of modules will be equal. 
 
Using the example given above if the circuit 
below is populated with 500W 48V output 
modules this system would provide 
approximately 1kW at 96V output. 

 
Notes: 
- The 100nF capacitors are 
optional – they prevent the output rising when 
there is no load. 
- These circuits will not start with standard 
modules, due to the over-current foldback 
characteristic. Contact Powerstax for availability 
of variants suitable for series operation. 
 
 



 

Power System Design Guide                             Created on 19 June 2006 
Powerstax plc, Unit B5, Armstrong Mall, Southwood Business Park, Farnborough, Hants, GU14 0NR, UK 

Email: sales@powerstaxplc.com  Tel: +44 (0) 1252 407800  Fax: +44 (0) 1252 407810  www.powerstaxplc.com   

ANF501.5.05 Synchronization 
 
When used for particularly noise sensitive 
applications one or more Power Modules can be 
synchronized to an external clock frequency.  An 
external 5V TTL compatible driving signal can 
drive the SYNC pin of the Power Module directly. 
 
Synchronization pulses are nominally +5V and 
150nSec long (±50nSec), with a pulse repetition 
frequency (prf) selected to be between 320 kHz 
and 360 kHz. Higher switching frequencies can 
be accommodated if required. Powerstax 
application engineers are available to give 
advice on special requirements. 
 

The input impedance is a 
resistive 90Ω to ground. There 
is negligible capacitive loading; 
the external stray pcb capacitance from the 
external drive to the Power Module is typically 
dominant and having a low duty cycle, (typically 
5%), minimizes the drive power requirements to 
achieve synchronization in a very efficient 
manner. 
 
Typical of the devices to drive the synchronizing 
pulse to the Power Modules are FET drivers 
supplied from a 5V power rail, a suggested 
example being the widely used 426 series. 
 
Note: the 0V reference ground for the SYNC 
function is the –Vin (i.e. primary side) terminal of 
the module 
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ANF501.5.06 Output Current Monitor & Overvoltage 
 
Output Current Monitor 
 
The SHARE pin produces a voltage proportional 
to the output current and can be utilized to 
monitor the output current from the Power 
Module. 
 
The conversion rate can be found in the module 
specification, this details the scaling in mV/A 
which is module specific. 
 
As an example, 
 

Module 
Rated 
Output 
Current 

Scale 
Typical 

V(SHARE) 
@75% F.L 

F501-048-120 41.7A 39.5mV/A 1.234V 
F501-048-240 20.8A 79mV/A 1.232V 
F501-048-280 17.9A 78.9mV/A 1.065V 
F501-048-480 10.4A 178.1mV/A 1.391V 

      
       
As with the power share the accuracy of this 
signal is typically ±2%, max ±5%. 
 
The share circuit / output current monitor has an 
output impedance of 47ohms.  
  
 
 

Notes:  
- The SHARE pin is connected to the output side 
of the Power Module and is galvanically isolated 
from the input side. Care is needed to keep the 
creepage and clearance distances to the 
required specifications of the equipment in which 
the Power Modules are fitted. 
- The reference 0V ground for the SHARE pin is 
the –S (i.e. secondary side) terminal. 
 
Output Overvoltage 
 
The output is also protected against over voltage 
by an internal over voltage protection circuit 
sensing the output voltage on the main output 
and operating a separate and independent 
isolated feedback path to shut down the primary 
circuit. 
 
Over voltage can only occur during, 
 
- A major failure of the control circuit. In the 
unlikely event of this happening the Power 
Module has to be replaced. 
 
- An externally applied voltage to the output, 
which may damage the output capacitors of the 
Power Module, also requiring replacement of the 
module. 
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ANF501.5.07 Remote On/Off & Thermal Monitoring 
 
Remote On / Off 
 
The ON/OFF pin of the converter uses non-
inverted (Low = off) logic sense for converter 
control. It is pulled up to +5V internally through 
18KΩ. It is recommended to use an open-
collector drive into the ON/OFF pin. 
 
In applications where two or more converters are 
used in parallel, do not connect their ON/OFF 
pins together. To use this facility, wire-OR the 
signal with a diode to each ON/OFF pin (anode 
to pin, common-cathodes to collector of drive). 
 
Note: the 0V reference ground for the ON/OFF 
pin is the -Vin terminal (i.e. primary side) of the 
module 
 
 
 
 

 

Thermal Monitoring 
 
The ON/OFF pin of the converter can be used to 
monitor the temperature of the base plate to 
provide warning of an impending shutdown due 
to over temperature. The graph below shows 
that when the voltage falls below approximately 
4 V the Powerstax F501 series module is 
reaching its rated maximum operating 
temperature. It also shows the linearity of the 
monitoring such that the actual temperature of 
the module base plate may be determined with 
an accuracy of approximately ±3ºC. The end of 
the graph occurs when the module switches off 
due to the internal threshold voltage being 
attained. The module automatically restarts after 
cooling to a lower temperature.  
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ANF501.6.01 Fusing & Reverse Input Protection 
 
Fusing  
 
As the Power Modules have internal protection 
for main output overload, an external input fuse 
is needed only to protect the Power Module 
against reversed input voltage, from an electrical 
safety point of view or to protect other circuits in 
the unlikely event of catastrophic failure of a 
Power Module. 
 
This fuse should be selected to withstand the 
maximum input current at low input voltage. 
However fuse selection should take into account 
that fuses de-rate with temperature and time and 
may therefore open under normal conditions. 
The graph below serves as a guide to minimum 
fuse ratings appropriate to different load 
requirements, but does not take into account any 
inrush current into output loads such as motors, 
incandescent lighting, or loads with high values 
of input capacitance. Into such loads, a 
converter may draw up to 20% more current 
than indicated by the diagram below. 

Reverse Input Protection 
 
Application of a reversed input voltage could 
cause damage to the module, in applications 
where this is a possibility a protection diode & 
fuse should be fitted as shown below.  The diode 
should be rated to withstand the input surge 
voltage of the module and a surge current rating 
higher than that of the selected fuse.  
 
The transient suppression diode described in the 
EMI section could be used to provide this 
protection as well. 
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ANF501.6.02 Output Overload 
 
The POWERSTAX Power Modules have primary 
side and secondary side protection circuits for 
overload. 
 
The primary side current limit is an 
instantaneous limit controlling the throughput 
power. This is achieved by utilizing pulse by 
pulse current sensing for each switching cycle at 
the clock frequency of 300 kHz. High speed 
current limiting is achieved at the expense of 
accuracy. The accuracy is variable depending on 
several parameters, for example input supply 
voltage and integrated circuit component 
variations within the module. 
 
The secondary side uses a current sense 
resistor in the output. The secondary side limit is 
slower than the primary but much more accurate 
in limiting the current.  The speed of response is 
dependent on the overload current, this being 
typically 30ms for a 20% overload with the 
limiting current being typically 5% above the 
maximum. 
 
During an overload condition on the output, the 
current is limited, first by the primary, followed by 

the more accurate secondary side protection 
circuit. Overload conditions cause no harm to the 
Power Module. When detecting an overload the 
duty cycle of the control circuit is reduced. As 
soon as the overload is removed the Power 
Module automatically returns to normal 
operation. In certain circumstances the removal 
of the overload may cause the Power Module to 
momentarily switch off and restart. 
 
During a short circuit condition to the output, 
when the output voltage drops below typically 
2V, the control circuit enters a ‘foldback’ mode of 
operation, thereby reducing the power 
developed within the Power Module. As soon as 
the short circuit is removed the Power Module 
automatically returns to normal operation. 
 
During the ‘foldback’ mode of operation, the 
power developed within the module is 
significantly reduced, to the point where fan 
cooling may not be required.  This is beneficial 
as the power module may be powering the 
cooling fans. 
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ANF501.6.03 Zero Load Operation & Decoupling 
 
Zero Load Operation 
 
The converter is specified to operate with a load 
which may vary anywhere between 0% and 
100%. It will regulate correctly in this range, but 
at very light loads may exhibit slight audible 
noise. This behaviour is a common feature in 
switched mode power converters and occurs 
when the pulse width modulator is unable to 
control the pulse width down to zero. The pulse 
width modulator compensates for this by missing 
out pulses which can result in the effective 
operating frequency dropping into the audible 
range.  
 
The Powerstax F501 & F351 pulse width 
modulators can maintain their normal operation 
down to very light loads, but if the effect is to be 
avoided altogether, it is recommended that a 
standing load of 2 to 3 Watts is applied to the 
output. 
 
 
 
 

Decoupling 
 
The Power Modules, like any switching power 
converter, have a negative input impedance – for 
a fixed output power, if the supply voltage is 
reduced, the supply current will rise accordingly. 
This can cause instability when the supply has 
significant series input inductance, for example 
when using an EMI filter. To prevent this 
problem, it is necessary to add a capacitor 
across the input pins of the module. This would 
typically be a low ESR electrolytic capacitor, 
220uF 100V e.g. Panasonic ECA2AHG221. 
 
Loads demanding high speed pulses should also 
be decoupled by a local decoupling capacitor 
close to each load. This minimizes the resonant 
effect of the series line inductance with the stray 
capacitance and the effect of the rapidly 
changing load currents with the series 
inductance that may cause significant voltage 
transients.  Suitable for this purpose is a low 
ESR tantalum capacitor in parallel with a high 
frequency ceramic capacitor. 
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ANF501.6.04 EMI Filtering & Output Noise Measurement 
 
As a result of the high frequency high power 
switching all switching power supplies create a 
level of electrical noise which can cause 
interference. The design of the power module is 
such that this interference is minimized however 
some interference is inevitable.  This level of 
interference is very dependent upon the 
application; however there are a number of basic 
steps that can be taken to minimize the potential 
for interference. 
- Position any filters or filter components as 
close to the power module as possible, this is 
true for input or output filters. 
- The switching frequency of the power module 
should be considered in selecting filter 
components.  Capacitors for example have a self 
resonant frequency above which they appear 
inductive.  This can also be affected by lead 
length. 
- Input and output power cables or tracks should 
run as close together as possible.  This could be 
twisted cables or top & bottom tracks for pcb. 
- Input and output power cables or tracks should 
be as low impedance as possible, i.e. thick 
tracks or large cross section area cables. 
- Do not locate power modules close to known 
susceptible circuits.  
 
The exact filter requirements again are 
application dependent, however in order to meet 
the common Electromagnetic Compatibility 

regulations (e.g. EN55022) it will be necessary 
to add some filtering around the Power Module. 
Due to the topology, series-mode (differential) 
noise is less than the common-mode noise.   
 
The diagram below shows a suggested filter 
arrangement that would significantly reduce the 
input and output interference. Suggested 
component values are given in the tables below. 
 
Note - C5-8 are connected to the Baseplate / 
heatsink of the module, but C3-4 and C9-10 are 
connected to the earth. L3 blocks the noise while 
providing a safety earth connection to the 
baseplate.  CX is the decoupling electrolytic 
capacitor, described in the decoupling section, 
which must be selected for the high frequency 
input ripple current. 
 
For applications where the load is remote from 
the power supply, it may be necessary to add a 
common-mode choke in the output leads 
(between C7/8 and C9/10). 
 
It is also advisable to add a transient 
suppression diode across the input (D1), 
between the fuse and the EMI filter. A suitable 
device might be 1.5KE100A.  A MOV could be 
used in its place however the transient 
suppression diode also provides reverse input 
protection. 
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Ref Description Manufacturer Manufacturers Part Number 
24Vi - 3 x 3u3 50V 2220 ceramic 2220J050 0335 MXB C1, 2 48Vi - 3 x 1u5 50V 2220 ceramic Syfer 2220J100 0155 MXR 

4n7 Y-type plastic muRata GA355DR7GC472KY02L C3, 4 47n Y-type plastic BC Components 2222 336 60473 
C5, 6 1n5 Y-type 2220 ceramic muRata GA355DR7GC152KY02L 

22n 100V 1206 ceramic Philips 2222 601 1 6 6 41 
47n 100V 1206 ceramic Philips 2222 601 1 6 6 45 C7, 8 
68n 100V 1206 ceramic Philips 2222 601 1 6 6 47 

C9, 10 100n 100V 1206 ceramic Philips 2222 601 1 6 6 49 
 220uF 100V Panasonic ECA2AHG221 

L1 615uH common-mode Powerstax 06-0180-00 
L2 3.7mH common-mode Powerstax 06-0181-00 
L3 187uH earth choke Powerstax 06-0182-00 
D1 1.5KE100A Fairchild 1.5KE100(C)A 

24Vi – 50A Fuselink 142.6885.550 FS1 48Vi – 30A Fuselink Pudenz 142.6885.530 
 
Output Noise Measurement 
 
Due to the high frequency nature of the output noise generated by the power module, it can be difficult to 
gain an accurate measurement of the actual noise level.   The use of a normal oscilloscope probe with a 
ground lead can affect the reading due to the inductance of the ground lead.  It is more usual therefore to 
connect a BNC adaptor across the output pins and insert the probe into this.  Output ripple and noise is 
normally specified to a bandwidth, if the oscilloscope bandwidth is significantly higher than this then a filter 
may be required at the module to allow correct measurement. 
 
If the levels measured are high it is recommended to connect both parts of the BNC adaptor to the same 
point.  If the noise is still present then the noise is either pickup or may be coming from another source 
that is affecting the oscilloscope. 

 

Insert probe into a 
BNC adaptor as 
shown.
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ANF501.6.05 Thermal Protection & Heatsinking 
 
Thermal Protection 
 
A common failure mode in a power supply is 
overheating which may have been caused by 
inadequate thermal design, excessive ambient 
temperature or failing forced cooling (sometimes 
caused by dirty air filters). Thus thermal 
protection and management is of prime 
importance for the reliability of a power supply. 
 
The Power Modules are designed for mounting 
directly on to a heatsink with the flat metal base 
acting as the primary means of removing heat. 
Suitable heatsinks are available from Powerstax 
or other standard heatsinks can also be used. 
For good thermal contact between the Power 
Module’s metal base and the heatsink a non-
isolating thermal pad should be used. 
 
To obtain long life and reliable performance, the 
temperature rise within any power device cannot 
exceed certain values. To allow flexibility in how 
the power module will be used or how it will be 
mounted, a maximum allowed temperature rise 
of the external surface of the device has o be 
defined. For the Powerstax Power Modules, the 
temperature of the metal base has to be 
controlled.  
 
The maximum output power and other technical 
data for the Power Modules are specified with a 
maximum continuous temperature of the metal 
base of 100o C. 
 
Heatsink Operation 
 
Some form of heatsinking is necessary to use 
the maximum output of the Power Modules and 
if space is not at a premium natural convection is 
normally used. The size and type of heatsink is 
determined by the available mounting space, 
ambient temperature, mounting orientation and 
output power requirements. Many standard 
heatsinks are available and sometimes the 
enclosure within which the power supply is 
located can be used for this purpose. 
 
Powerstax can supply a specially designed 
heatsink for Power Modules mounted on a 
printed circuit board. This heatsink has a thermal 
resistance of 2.8oC/W when mounted with the 
fins vertically. For maximum output power from 
the Power Module a fan is required to cool the 

assembly. The flow rate is dependent upon the 
required output power of the module and the 
maximum ambient air temperature. For high 
ambient temperatures a flow rate of up to 5m/s 
should suit most applications, reducing the 
thermal resistance to 0.6oC/W. The ideal thermal 
resistance for full operation without a fan is 
0.5oC/W. 
 
The metal base of the Power Modules is 
thermally coupled to the heat sources within the 
Power Module but is electrically isolated from its 
circuitry. It is very important that the mating 
surfaces of the heatsink and the Power Module 
are flat. The metal base of the Power Module 
has a flatness tolerance of 0.2mm for this 
purpose. 
 
Thermally conductive material should also be 
used to fill the voids between the mating 
surfaces. Powerstax recommends the use of a 
dry or phase change material. The thermal 
resistance between the two surfaces should be 
typically 0.1°C/W for materials obtained from 
most manufacturers. 
 
Silicone compounds are greasy and have a 
tendency to creep along the surface of the 
heatsink with time. Other new “phase change” 
materials are designed to replace grease as a 
thermal interface. The phase change 
temperature is typically between 55°C to 65°C at 
which point the material changes from a solid to 
a thixotropic fluid characteristic assuring total 
wet-out of the two surfaces reducing still further 
the thermal resistance. 
 
Examples of dry thermally conducting material 
are GrafTech HiTherm, Warth KA150 or CM20. 
Bergquist Hi Flow 105 is a phase change 
material. All are for non-isolated applications. 
 
When the module is mounted on a double sided 
printed circuit board, it is recommended that a 
thin sheet of insulation is placed between the 
module and the circuit board during assembly. In 
the event that the circuit board has large area 
power tracks running under the module, high 
temperatures can be generated in the copper 
during wave soldering. This may damage the 
plastic case of the module unless protected. The 
recommended type of insulation is polyamide 
tape. 
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ANF501.7 MECHANICAL DETAILS 
 
 

 
 
 
 
Notes  
- The SHARE pin is connected to the output side of the Power Module and is galvanically isolated from 
the input side. Care is needed to keep the creepage and clearance distances to the required 
specifications of the equipment in which the Power Modules are fitted. 
- All dimensions are in mm (divide by 25.4 for inches).  Tolerances are ± 0.1mm unless otherwise stated. 
- The module can be mounted in any orientation, including upside-down, provided that the cooling method 
used prevents the baseplate temperature exceeding 100 °C. 
- Pcb hole dimensions would depend upon type of pcb used however pin sizes are shown above. 
- Fixing screws would normally be M3, length dependent upon type of heatsink used.  Screws should be 
tightened to a torque of 0.7Nm (0.52 lb-ft). 
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ANF501.8 TROUBLESHOOTING 
 
The table below shows a number of common points that should be considered before concluding that a 
module may be damaged. 
 

Problem Possible Cause Required Action 
Input voltage outside operating 
range 

Check the input voltage is within the specified 
limits. Significant overvoltage (above the absolute 
maximum level) could result in damage to the 
module requiring replacement.  

Input or output connections not 
made correctly 

Check that the input and output connections are 
correct, incorrect polarity connection could result in 
damage to the module requiring replacement. High 
impedance joints can result in incorrect operation. 

ON / OFF pin incorrect The ON / OFF pin should be open circuit (>3V) to 
ensure correct operation 

Sense terminals incorrect Check that the sense terminals have been 
connected correctly as described above. Specific 
attention should be paid to polarity and any 
components within the remote sense path. 

Trim input incorrect Check that, if used the trim pin is correctly 
connected and the values used are correct to the 
calculations above. 

Baseplate temperature too high Check that the Baseplate is correctly heatsunk and 
that the temperature does not exceed the 
maximum.  If the maximum temperature has been 
exceeded the cooling method (heatsink, fans etc) 
should be checked with the details above. 

Input decoupling capacitor not 
fitted 

Fit a capacitor across +Vin & - Vin as close to the 
input terminals as possible.  This would typically be 
a low ESR electrolytic capacitor, 220uF 100V e.g. 
Panasonic ECA2AHG221 

No output voltage 

Output load abnormalities Certain types of load have particular characteristics 
such as appearing a short circuit for a prolong 
period at power up.  If in doubt please contact 
Powerstax. 

Sense terminals incorrect Check that the sense terminals have been 
connected correctly as described above. Specific 
attention should be paid to polarity and any 
components within the remote sense path. 

Output voltage too 
high 

Trim input incorrect Check that, if used the trim pin is correctly 
connected and the values used are correct to the 
calculations above. 

Input voltage outside operating 
range 

Check the input voltage is within the specified 
limits. Significant overvoltage (above the absolute 
maximum level) could result in damage to the 
module requiring replacement.  

Output voltage too 
low 

Input or output connections not 
made correctly 

Check that the input and output connections are 
correct, incorrect polarity connection could result in 
damage to the module requiring replacement. High 
impedance joints can result in incorrect operation. 
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Sense terminals incorrect Check that the sense terminals have been 
connected correctly as described above. Specific 
attention should be paid to polarity and any 
components within the remote sense path. 

Trim input incorrect Check that, if used the trim pin is correctly 
connected and the values used are correct to the 
calculations above. 

Output in current limit Check that the output current is not in excess of the 
rated level. The output current limit will reduce the 
output voltage. Reduce the output current and 
check that the output voltage returns to the correct 
level. 

 

Input decoupling capacitor not 
fitted 

Fit a capacitor across +Vin & - Vin as close to the 
input terminals as possible.  This would typically be 
a low ESR electrolytic capacitor, 220uF 100V e.g. 
Panasonic ECA2AHG221 

Input voltage outside operating 
range 

Check the input voltage is within the specified 
limits. Significant overvoltage (above the absolute 
maximum level) could result in damage to the 
module requiring replacement.  

Input or output connections not 
made correctly 

Check that the input and output connections are 
correct, incorrect polarity connection could result in 
damage to the module requiring replacement. High 
impedance joints can result in incorrect operation. 

Sense terminals incorrect Check that the sense terminals have been 
connected correctly as described above. Specific 
attention should be paid to polarity and any 
components within the remote sense path. 

Regulation (Load or 
Line) to high  

Input or output cables cross 
section area insufficient. 

If the input and output cables (or pcb tracks) are not 
of a sufficient cross sectional area they appear as a 
series resistance. This will add to the level of 
regulation in either the input or output.  

Excessive ripple on input Check the input voltage ripple. The module rejects 
a large amount of input voltage ripple but excessive 
ripple can appear on the output of the unit. 

Output ripple too 
large 

Measurement as specified above Check that the measuring equipment and set up is 
as defined above. 

Output in current limit Check that the output current is not in excess of the 
rated level. When operating in current limit the 
module may produce an audible noise. Reduce the 
output current and check that the output voltage 
returns to the correct level. 

Module produces 
audible noise 

No load applied to output As described above the module may produce an 
audible noise when operating at zero load.  To 
prevent this a standing load of 2 to 3W should be 
applied. 
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 External voltage source 
connected to the output 

An external voltage source connected to the output 
could take over the load from the module hence 
appearing as a zero load.  If the external source is 
above the overvoltage level of the unit then the 
OVP circuit will operate the unit in a trip & restart 
mode producing an audible noise.  Removing or 
reducing the level of this external voltage should 
prevent this.  

 
 
Returns Procedure 
 
If after these checks have been made, the module still appears to have a fault, please contact your local 
Powerstax product representative.  A Returns Material Authorization number will be issued.  This will be 
used to track the module on its return and any further action that may be required can be considered. 
 
When contacting your local Powerstax product representative please include as much information as 
possible, including product type & serial number, details of suspected fault, details of application including 
load, input voltage, heatsinking etc. 
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ANF501.9 CONTACT DETAILS 
 
 
 
If you have any query, or require further information on Powerstax products, 
services or sales network please contact Powerstax Sales Department, 
contact details shown below 
 
Powerstax PLC 
Unit B5, Armstrong Mall                             
Southwood Summit Centre 
Farnborough 
Hants., ENGLAND  
GU14 0NR 
Tel: +44 (0) 1252 407800 
Fax: +44 (0) 1252 407810 
 
Website:  www.powerstaxplc.com   
E-mail:  sales@powerstaxplc.com 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Information and specifications are believed to be correct at time of publication and are subject to change 
without notice.  POWERSTAX accepts no responsibility for consequences arising from printing errors or 
inaccuracies. 
 


