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Product Summary 
 
The product provides four fully regulated DC outputs from an AC source of 90-264Vac at 
50Hz. 
 
Output ratings are : 
 
V1 = 5Vdc @XXA 
V2 = 25Vdc @ XXA 
V3 = +15Vdc @XXA 
V4 = -15Vdc @ XXA 
 
The topology consists of two flyback converters running in parallel with each providing two 
dc outputs in each case. The first provides the 5V and +15V, with the second providing the 
24V and –15V. Each converter consists of a single FET drive front end with control via a 
UC3843 PWM IC. 
 
The PWM is managed in each case by sensing either the 5V or 24V respectively with +/-15V 
outputs being further post regulated via discrete devices for improved stability. 
 
The product does not incorporate either passive or active power factor correction and whilst 
should meet the EMC Harmonic requirements of EN61000-3-2 class A, would be unlikely to 
meet the requirements of EN61000-3-2 class D. 
 

Testing - General 
 
Testing was carried out using calibrated 6 digit Keithley 195 dvm, four 100W electronic 
loads, Tektronix TDS220 digital oscilloscope, Meterman thermometer, 100KHz active ac 
current probe for inrush current, Tektronix current probe type P6021, Voltech AC power 
analyser, Megger FT6/12 flash tester. 
 

The product was tested in a controlled environment with an ambient temperature of 25°C. 
Based upon the manufacturers specification for derating, thermal testing of critical 
components was carried out at two levels. The outputs were loaded to 80W for convection 
cooling applications and 100W for assisted cooling via 5cfm airflow  
( simulated – see test 13 ). 
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1) 230Vac Setup and adjustment tolerance 
 
With outputs loaded to 100W measurements were taken as below : 
 
V1 5V @ XXA    = XXVdc 
V2 24V @ XXA   = XXVdc 
V3 +15V @ XXA = XXVdc 
V4 –15V @ XXA  = XXVdc 
 
Adjustment is provided for the 5Vdc output only with all other outputs fixed. 
The 5Vdc output adjusts within the limits : 4.58 – 5.6Vdc (within specification ). 
Note : No remote sensing is provided within this product for output lead compensation 
 

2) Overvoltage protection ( OVP ) 
 
Overvoltage protection is provided by monitoring the 5Vdc output in the event that the PWM 
control loop of the product should fail. 
 
The 5Vdc output was programmed to increase outside the normal operating range of product 
to operate the OVP circuitry. The OVP was found to operate at 6.5Vdc ( within specification 
). The OVP operation shuts down the psu completely requiring a mains reset and delay of 1 
minute to restart. 
 

3) Input line regulation / AC input operating range 
 

With output loads applied as below ( 100W ) the input voltage was varied from 90 – 264Vac. 
Output voltages were measured and found to be consistent over input range as below : 
 
V1 5V @ 9.3A    = XXVdc 
V2 24V @ 1.6A   = XXVdc 
V3 +15V @ 0.6A = XXVdc 
V4 –15V @ 0.4A  = XXVdc 
 
The above test was then repeated with zero loading applied and outputs measured. The 
output voltages remained as above ( within specification ). 
 

4) Output load regulation 

With output loads applied as below each output was varied from minimum to maximum  
( with other outputs @ 50% load ) and measured as below ( within specification ): 
 
V1 5V @  0 - XXA    variation < 0.1% 
V2 24V @  0 - XXA   variation < 0.1% 
V3 +15V @ 0 - XXA    variation < 0.1%* 
V4 –15V @ 0 - XXA  variation < 0.1%** 
 
* A minimum load of 1A is required on 5V output to support +15V @ 0.8A 
** No minimum load required on 24V output to support –15V @ 0.5A 
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5) Dynamic response 
 
Using a switched electronic load the 5Vdc output was pulse loaded with loading switching 
between 2A ( 20%) and 10A.(100%). The dynamic response of the main PWM control loop 
was then tested by varying the switching frequency of the load from DC to 1KHz and the 
output remained relatively stable within +/-0.4Vdc during load transition which recovered 
within 100uS. 
 
Measurements at 1kHz are shown in Appendix A , Fig 6. 
 

6)  Output ripple and noise ( DC to 30MHz and RMS) 
 
The ripple and noise was measured for each output using a x1 measurement probe with 
maximum output load applied in each case.  No external capacitance was applied. 
 
Ripple and Noise is within product specification. Measurements taken for each output are 
shown in Appendix A, Figs 1,2,3,4 & 5. 
 

7)  Input current, efficiency and power factor 

With outputs loaded to 100W the input current, input power and power factor was measured 
at 115Vac and 230Vac. All measurements are within specification. 
 
Measurements taken are shown in Appendix A, Figs 19 & 20. 
Efficiency typically measured at 80-81% with lagging PFC @ 0.58-0.62. 
 
8) Output hold up 
 
With outputs loaded to 100W the 5Vdc output was measured relative to the AC mains input 
when mains disconnected to confirm hold up time. The test was repeated at 115Vac and 
230Vac and found to be within specification with hold up typically 20mS from 115Vac and 
85mS from 230Vac input. 
 
Measurements taken are shown in Appendix A, Figs 13 & 14. 
 
9)  Inrush current 

With outputs loaded to 100W the AC input inrush current was measured at switch on at both 
115Vac and 230Vac input. At 230Vac the inrush did measure outside of specification(44A 
measured – 40A specified ) but this is subject to mains cycle at switch on. Measurements 
taken are shown in Appendix A, Figs 11 & 12. 
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10)  Stress on primary switching FET’s 

Devices : Q1 & Q8 
Type : International Rectifier IRFIB6N60A rated at 6A/600Vdc. See Appendix B for short 
data. 
 
With outputs loaded to 100W the stress upon switching FET’s Q1 and Q8 was measured via 
the drain voltage and source current in case at a nominal input voltage of 230Vac and again 
at 264Vac. 
 

In each case both the voltage and current is within specification as per measurements 
shown within Appendix A Figs 7,8,9 & 10. However it was noticed that when increasing the 
input to 264Vac the peak of the drain voltage present at Q1 ( +5V, +15V ) was approaching 
maximum permissible of 600Vdc ( 580Vdc measured ). 
 
11) Stress on secondary rectifiers 

Devices :  CR2 & 3  : STPS3045CT 15A/45V schottky rectifier ( 5V output ) 
 CR4    : MURF1620 16A/200V schottky rectifier ( 24V output ) 
 SMT x 2 : MBRS190T3 1A/90V schottky rectifier ( +/-15V outputs ) 
 ( See Appendix B for shortform data ) 
 
With 230Vac applied and maximum output load applied to each output in turn the peak 
voltage present across the corresponding rectifier in each case was measured and recorded 
as shown within Appendix A Figs 15, 16 ,17 & 18. 
 
Whilst the 5V and 24V rectifiers measured well below the rated Vrrm in each case it was 
noted that with the +/-15V rectifiers, little or no margin was available to allow for input 
transients if taking into account inductive ringing present. The devices were operating close 
to the rated Vrrm of 90V – particularly at maximum rated input of 264Vac. 
 
12) Output overload 

The product does not incorporate secondary current limit protection other than the +/-15 
outputs are post regulated via discrete devices with built in s/c protection.  
 
The +5V and 24V output current is limited by the action of the primary power limit of each 
respective PWM converter. 
 
In each case the output current was increased ( with zero load on other outputs ) until the 
output voltage started to foldback . The maximum current available in each case is recorded 
as below : 
 
V1 5V    = XXA*  
V2 24V   = XXA* 
V3 +15V  = XXA ( possibility of rectifier exceeding rating** )  
V4 –15V = XXA ( possibility of rectifier exceeding rating** ) 
 
* Due to the maximum current available from these outputs before protection operates, 
there is a possibility of the corresponding power transformer overheating with possible 
breakdown ( barrier components ). 
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**The +/-15V rectifiers are rated for 2A operation @ 100 Deg°C and 1A operation @ 120 
Deg°C. Taking into account the operating temperatures measured within section 13 at an 
ambient of 25 Deg°C it is likely that the temperature of these devices will exceed 100 Deg°C
should the ambient temperature increase or the output become overloaded, with subsequent 
failure of the device.   
 
Secondary rectifiers ( not +/-15V ) and regulators are heatsink mounted, the temperature of 
which is monitored via a 120 Deg°C thermostat which shuts down the product in the event 
of over temperature. 
 
13) Thermal testing 

In line with the manufacturers derating curve thermal testing of critical components was 
carried out with output loading to 80W for convection cooled applications and then repeated 
with output loading increased to 100W and fan cooling applied. The fan was placed to the 
side of the product at a distance of approximately 2cm. In each case the ambient room 
temperature was at 25 Deg°C.  
 
Measurements were taken after a running period of 3 hrs continuous operation as below : 
 

(80W-convection)  (100W with approx 5cfm ) 
 
Q1 ( +5/+15V primary switching FET )  = 75 °C 39 °C
Q8 ( +24/-15V primary switching FET ) = 75 °C 53 °C
Output capacitors – general        = 95 °C to 100 °C 52 °C to 56 °C
T1 ( +5/+15V TXR )           = 109 °C*         55 °C
T2 ( +24/-15V TXR )          = 110 °C*        67 °C
Output rectifiers             = 90 to 94 °C 50 °C to 54 °C
PWM aux supply capacitors       = 85 °C 45 °C typ. 
 

Fan assisted cooling method used :  
 

All output capacitors are manufactured by Nichicon and of the PW type rated at 105 °C. 
Based upon the manufacturers data the expected lifespan of the types used is 3000hrs for 
8mm diameter ( used on +/-15V ) and 5000hrs for 10mm diameter ( used on 5/24V ) based 
on operating at maximum operating temperature of 105 °C. 

*At 50 Deg°C ambient the temperature of 
these devices would increase to 134 / 
135 Deg°C ( higher in overload conditions 
). This would likely exceed the typical 
rating of such a device of 130 Deg°C.  
For UL/EN60950 the temperature should 
not exceed 105 Deg°C at maximum rated 
operating temperature ( indeed it is good 
practice to add a further 10 Deg°C to 
measurements to allow for error. 
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Based on figures obtained above it is concluded that when operating this product without 
convection cooling at 80W or above the lifespan of these ( and indeed all ) capacitors will be 
greatly reduced. The rated life expectancy of these capacitors, as a guide, is doubled for 
each reduction of 10°C below the maximum rated temperature of 105 °C. 
 
14) Creepage and clearance – pcb and barrier transformers 
 
Creepage and Clearance of the pcb and mounted components was checked with respect to 
input to output and input to earth and found to generally meet the requirements of EN60950 
but with some concern. 
 
Both power transformers ( T1 & T2 ) were dismantled and the overall construction was found 
to be compliant. The primary winding in each case consists of enamelled copper wire with all 
leadouts suitably insulated. Polyester PLEO or similar barrier tape is used to reinforce 
primary to secondary insulation. The secondary windings in each case are polymer coated  
( or similar ) to provide additional isolation. 
 
Slight concern is shown with respect to the mounting of T1 to the pcb. Whilst the core of the 
T2 transformer is clear of the pcb ( and insulated ) the core of transformer T1 is mounted 
flat to the pcb and over lays both input and output pcb tracks. 
 
The core is insulated with a single layer of proprietary polyester tape (or similar as 
unconfirmed without manufacturers data) and poorly finished. The typical breakdown 
voltage for such tape is 4kV. Clearly if this tape were to fail a current path from input to 
output may occur. 
 
Furthermore, in reference to temperature tests carried out within section 13, the 
temperature rating of the pcb may be exceeded if the product is used to full capacity without 
fan cooling and at raised operating temperatures. 
 
The tracks in question are shown below along with the underside of T1 ( part of insulation 
was removed during testing ): 
 

EDITED 

T1 UNDERSIDE INSULATION POOR

EDITED 

EDITED 
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15) Safety Isolation 

The product was HI-POT tested using the DC equivalent of the AC safety isolation ratings 
stated within the product specification as the product incorporates ‘Y’ class capacitors for 
EMC purposes. 
 
Tests carried out were as below : 
 
Input to Earth @ 2.20KVdc 
Input to output @ 5.6KVdc 
Output to Earth @ 700Vdc 
 
The product passed these tests but it should be noted the voltage ratings of the ‘Y’ and 
common mode capacitors is exceeded when conducting this test. 
 
‘Y’ capacitors used = 330pF 400Vac 
Output common mode capacitor = 3n3F @ 500Vdc 
 
Secondary to primary control is maintained by the use of opto couplers type NEC PS2561 
which have a breakdown voltage rating of 5kVac. 
 
Conclusions

In our opinion the product may not meet the product specification with respect to the criteria 
tested herewith within this report though it should be stressed that certain component 
information is unavailable. General concerns are drawn to the following points : 
 
• Temperature :  
From the thermal tests carried out the product will clearly run hot when operated at 80W or above 
without fan cooling. Bearing in mind that the ambient temperature when taking measurements was 
25 °C there will clearly be a subsequent rise in temperature of these components which will almost 
certainly exceed the component ratings in some instances ( such as capacitors and possibly PCB 
temperature rating due to proximity of transformers ). In particular the transformers which are safety 
barrier components may well exceed their temperature rating. 
 
Due to the lack of secondary current limit it will be possible to overload both converters significantly 
causing further temperature rise and possible breakdown of the transformer isolation barrier if the 
wire insulation temperature is exceeded. Note- no thermal protection is provided within either 
transformer assembly. From measurements taken within section 12 it can be seen that the 5V 
converter would deliver 80W and the 24V converter ( the smaller txr ) would deliver 74W before 
primary current limit operates.  
 
• Isolation :  
The 5V transformer ( T1 ) core overlays both primary and secondary pcb tracks with what appears to 
be a single layer of polyester insulation  - a possible failure mode in the even of excessive operating 
temperature or tape degredation. 
 
• Semiconductor ratings :  
Both primary FET’s and certain secondary rectifiers are running close to or on the limit of the 
manufacturers maximum specified operating voltages without room for margin. 
In addition it is possible to draw excessive load current and overload the +/-15V rectifiers causing 
imminent failure of these devices due to overheating. 
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APPENDIX A

Fig 1: 5V ripple pk-pk @10A              Fig 2: +24V ripple pk-pk @1.6A (5V @ 0A ) 
 50mV/5uS. 65-70mV typ. pk @ 66KHz          10mV/5uS. 20mV typ. @ 66KHz 

 

Fig 3: +15V ripple pk-pk @ 0.8A (5V @ 0A)      Fig 4: +15V ripple pk-pk @ 0.8A (5V @ 2.5A) 
 50mV/5uS. 150mV typ. @ 66KHz          10mV/5uS. 10mV typ. @ 66KHz 

 

Fig 5: -15V ripple pk-pk @ 0.5A (5V @ 0A)      Fig 6: 5V dynamic response 20-100% load 1kHz   
 20mV/5uS. 16mV typ. @ 66KHz        Ch1 = 5V output (2V/Div),Ch2 =  current (5V=5A )  
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Fig 7: Q1 (230V) drain voltage (+5 & +15 @ full load )  Fig 8: Q8 (230V) drain voltage (+24 & -15 @ full load) 
100V/2.5uS. 500V pk measured. FET 600V rated.        100V/2.5uS. 450V pk measured. FET 600V rated. 

 

Fig 9: Q1 (230V) source current (+5 ,+15 full load )         Fig 10: Q8 (230V) source current (+24, -15V full load ) 
 50mV = 500mA. 1.8A pk measured.              50mV = 500mA. 1.6A pk measured.           

 

Fig 11:  Inrush current @115Vac             Fig 12: Inrush current @230Vac 
 10V=10A/1mS. 16A pk measured typ.          10V=10A/1mS. 44A pk measured typ. 
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Fig 13:  +5V hold up from 115Vac full load       Fig 14: +5V hold up from 230Vac full load 
 CH1 = 5V output @ 1V/Div             CH1 = 5V output @ 1V/Div 
 CH2 = AC mains @ 200V/Div            CH2 = AC mains @ 200V/Div 
 T = 25mS/Div                  T = 25mS/Div 

Fig 15: 5V rectifier (STPS3045CT) @ full load (230Vac )     Fig 16: +24V rectifier (MURF1620)@ full load (230Vac) 
 5V/5uS. 25V pk measured. Device rated 45V         20V/5uS. 96V pk measured. Device rated 200V 

 

Fig 17: +15V rectifier (MBRS190T3)@ full load (230Vac )   Fig 18: -15V rectifier (MBRS190T3) @ full load (230Vac) 
 20V/5uS. 88V pk measured. Device rated 90V             20V/5uS. 84V pk measured. Device rated 90V  
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Fig 19: PFC, Input current, power @230Vac        Fig 20 : PFC, Input current, power @115Vac 
 100W output power loading                100W output power loading 
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APPENDIX B :- SHORTFORM DATA SHEETS 
 
Q1 & 8 SWITCHING FET’S
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5V RECTIFIER
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24V RECTIFIER
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15V RECTIFIERS
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-15V REGULATOR
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+15V REGULATOR
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OUTPUT CAPACITORS
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APPENDIX C : PRODUCT DATASHEET (DELETED FOR PROTECTION)
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