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than at 25 C) 

Primary RMS 
current   

0.99 A Measured RMS current through the primary winding 

ACR_Trf_Primary 
  

245.31 m-ohm 
Measured AC resistance (at 100 kHz, room temperature), 
multiply by 1.33 to approximate 100 C winding 
temperature 

Primary copper loss 0.24 W Total primary winding copper loss at 85 C 

Secondary winding 1 (Lower secondary voltage OR Single 
output) 

Note - Power loss calculations are for each winding 
half of secondary 

Output Voltage 24.00 V Output Voltage (assumes AC stacked windings) 

Sec 1 Turns 6.00 Secondary winding turns (each phase ) 

Sec 1 RMS current 
(total, AC+DC)   

4.8 A 
RMS current through Output 1 winding, assuming half 
sinusoidal waveshape 

Winding current (DC 
component)   

3.13 A DC component of winding current 

Winding current (AC 
RMS component)   

3.68 A AC component of winding current 

Sec 1 Wire gauge 42 AWG Individual wire strand gauge used for secondary winding 

Equivalent 
secondary 1 Metric 
Wire gauge 

  
0.060 mm Equivalent diameter of wire in metric units 

Sec 1 litz strands 270 
 

270 
 

Number of strands used in Litz wire; for non-litz non-
integrated transformer set to 1 

Resistivity_25 
C_sec1   

21.96 m-ohm/m Resistivity in milli-ohms per meter 

DCR_25C_Sec1 4.08 m-ohm Estimated resistance per phase at 25 C (for reference) 

DCR_100C_Sec1 
  

5.47 m-ohm 
Estimated resistance per phase at 100 C (approximately 
33% higher than at 25 C) 

DCR_Ploss_Sec1 
  

0.43 W 
Estimated Power loss due to DC resistance (both 
secondary phases) 

ACR_Sec1 
  

8.75 m-ohm 

Measured AC resistance per phase(at 100 kHz, room 
temperature), multiply by 1.33 to approximate 100 C 
winding temperature . Default value of ACR is twice the 
DCR value at 100 C 

ACR_Ploss_Sec1 0.24 W Estimated AC copper loss (both secondary phases) 

Total winding 1 
Copper Losses   

0.66 W 
Total (AC + DC) winding copper loss for both secondary 
phases 

Capacitor RMS 
current   

2.8 A Output capacitor RMS current 

Co1 4.8 uF Secondary 1 output capacitor 

Capacitor ripple 
voltage   

3.0 % 
Peak to Peak ripple voltage on secondary 1 output 
capacitor 

Secondary winding 2 (Higher secondary voltage) 
Note - Power loss calculations are for each winding 
half of secondary 

Output Voltage 0.00 V Output Voltage (assumes AC stacked windings) 

Sec 2 Turns 
  

0.00 
 

Secondary winding turns (each phase) AC stacked on top 
of secondary winding 1 

Sec 2 RMS current 
(total, AC+DC)   

4.8 A 
RMS current through Output 2 winding; Output 1 winding 
is AC stacked on top of Output 2 winding 

Winding current (DC 
component)   

0.0 A DC component of winding current 

Winding current (AC 
RMS component)   

0.0 A AC component of winding current 

Sec 2 Wire gauge 42 AWG Individual wire strand gauge used for secondary winding 

Equivalent 
secondary 2 Metric 
Wire gauge 

  
0.060 mm Equivalent diameter of wire in metric units 

Sec 2 litz strands 
  

0 
 

Number of strands used in Litz wire; for non-litz non-
integrated transformer set to 1 

Resistivity_25 59292.53 m-ohm/m Resistivity in milli-ohms per meter 
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C_sec2 

Transformer 
Secondary MLT   

3.10 cm Mean length per turn 

DCR_25C_Sec2 0.00 m-ohm Estimated resistance per phase at 25 C (for reference) 

DCR_100C_Sec2 
  

0.00 m-ohm 
Estimated resistance per phase at 100 C  (approximately 
33% higher than at 25 C) 

DCR_Ploss_Sec1 
  

0.00 W 
Estimated Power loss due to DC resistance (both 
secondary halves) 

ACR_Sec2 
  

0.00 m-ohm 

Measured AC resistance per phase(at 100 kHz, room 
temperature), multiply by 1.33 to approximate 100 C 
winding temperature . Default value of ACR is twice the 
DCR value at 100 C 

ACR_Ploss_Sec2 0.00 W Estimated AC copper loss (both secondary halves) 

Total winding 2 
Copper Losses   

0.00 W 
Total (AC + DC) winding copper loss for both secondary 
halves 

Capacitor RMS 
current   

0.0 A Output capacitor RMS current 

Co2 N/A uF Secondary 2 output capacitor 

Capacitor ripple 
voltage   

N/A % 
Peak to Peak ripple voltage on secondary 1 output 
capacitor 

Transformer Loss Calculations Does not include fringing flux loss from gap 

Primary copper loss 
(from Primary 
section) 

  
0.24 W Total primary winding copper loss at 85 C 

Secondary copper 
Loss   

0.66 W Total copper loss in secondary winding 

Transformer total 
copper loss   

0.91 W Total copper loss in transformer (primary + secondary) 

AW_S 46.59 mm^2 Area of window for secondary winding 

Secondary Fill 
Factor   

33% % 
% Fill factor for secondary windings; typical max fill is 
60% for served and 75% for unserved Litz 

Signal pins resistor values 

Dead Time 330 330 ns Dead time 

Burst Mode 1 
 

1 
 

Select Burst Mode: 1, 2, and 3 have hysteresis and have 
different frequency thresholds 

f_max 
  

773 kHz 
Max internal clock frequency, dependent on dead-time 
setting 

f_burst_start 
  

338 kHz 
Lower threshold frequency of burst mode, provides 
hysteresis.  This is switching frequency at restart after a 
bursting off-period 

f_burst_stop 
  

386 kHz 
Upper threshold frequency of burst mode; This is 
switching frequency at which a bursting off-period stops 

DT/BF pin upper 
divider resistor   

7.62 k-ohms Resistor from DT/BF pin to VREF pin 

DT/BF pin lower 
divider resistor   

145 k-ohms Resistor from DT/BF pin to G pin 

Rstart 
  

7.62 k-ohms 
Start-up resistor - resistor in series with soft-start 
capacitor; equivalent resistance from FB to VREF pins at 
startup 

Start up delay 
  

0.0 ms 
Start-up delay; delay before switching begins. Reduce 
R_START to increase delay 

Rfmin 
  

34.7 k-ohms 
Resistor from VREF pin to FB pin, to set min operating 
frquency; This resistor plus Rstart determine f_MIN 

C_softstart 0 
 

0.2 uF 
Softstart capacitor. Recommended values are between 
0.1 uF and 10 uF 

Ropto 3.9 k-ohms Resistor in series with opto emitter 

OV/UV pin lower 
resistor 

20.00 
 

20.0 k-ohm Lower resistor in OV/UV pin divider 

OV/UV pin upper 
resistor   

2.92 M-ohm Total upper resistance in OV/UV pin divider 
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LLC capacitive divider current sense circuit 

slow current limit 
  

2.78 A 
8-cycle current limit - check postivie half-cycles during 
brownout and startup 

fast current limit 
  

5.00 A 
1-cycle current limit - check positive half-cycles during 
startup 

LLC sense 
capacitor   

47 pF 
HV sense capacitor, forms current divider with main 
resonant capacitor 

RLLC sense resistor 
  

23.9 ohms 
LLC current sense resistor, senses current in sense 
capacitor 

IS pin current limit 
resistor   

220 ohms 
Limits current from sense resistor into IS pin when 
voltage on sense R is < -0.5V 

IS pin noise filter 
capacitor   

1.0 nF 
IS pin bypass capacitor; forms a pole with IS pin current 
limit capacitor 

IS pin noise filter 
pole frequency   

724 kHz This pole attenuates IS pin signal 

LOSS BUDGET 

LCS device 
Conduction loss   

1.4 W Conduction loss at nominal line and full load 

Output diode Loss 3.8 W Estimated diode losses 

Transformer 
estimated total 
copper loss 

  
0.91 W Total copper loss in transformer (primary + secondary) 

Transformer 
estimated total core 
loss 

  
0.6 W Estimated core loss 

Total transformer 
losses   

1.5 W Total transformer losses 

Total estimated 
losses   

6.6 W Total losses in LLC stage 

Estimated Efficiency 96% % Estimated efficiency 

PIN 157 W LLC input power 

SECONDARY TURNS AND VOLTAGE CENTERING CALCULATOR 
This is to help you choose the secondary turns - 
Outputs not connected to any other part of 
spreadsheet 

V1 
  

24.00 V 
Target regulated output voltage Vo1. Change to see 
effect on slave output 

V1d1 0.60 V Diode drop voltage for Vo1 

N1 6.00 Total number of turns for Vo1 

V1_Actaul 24.00 V Expected output 

V2 0.00 V Target output voltage Vo2 

V2d2 0.70 V Diode drop voltage for Vo2 

N2 0.00 Total number of turns for Vo2 

V2_Actual -0.70 V Expected output voltage 

Separate Series Inductor (For non-integrated transformer only) 
Not applicable if using integrated magnetics - not 
connected to any other part of spreadsheet 

Lsep 53.00 uH Desired inductance of separate inductor 

Ae_Ind 0.53 cm^2 Inductor core cross-sectional area 

Inductor turns 10 Number of primary turns 

BP_fnom 
  

1502 Gauss 
AC flux for core loss calculations (at f_predicted and full 
load) 

Expected peak 
primary current   

2.8 A Expected peak primary current 

BP_fmin 2804 Gauss Peak flux density, calculated at minimum frequency fmin 

Inductor gauge 44 AWG Individual wire strand gauge used for primary winding 

Equivalent Inductor 
Metric Wire gauge   

0.050 mm Equivalent diameter of wire in metric units 

Inductor litz strands 125.00 Number of strands used in Litz wire 

Inductor parallel 1 Number of parallel individual wires to make up Litz wire 
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wires 

Resistivity_25 
C_Sep_Ind   

75.4 m-ohm/m Resistivity in milli-ohms per meter 

Inductor MLT 7.00 cm Mean length per turn 

Inductor DCR 25 C 52.8 m-ohm Estimated resistance at 25 C (for reference) 

Inductor DCR 100 C 
  

70.7 m-ohm 
Estimated resistance at 100 C (approximately 33% higher 
than at 25 C) 

ACR_Sep_Inductor 
  

113.2 m-ohm 
Measured AC resistance (at 100 kHz, room temperature), 
multiply by 1.33 to approximate 100 C winding 
temperature 

Inductor copper loss 0.11 W Total primary winding copper loss at 85 C 
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8 Transformer Specification 

8.1 Electrical Diagram 

 
Figure 8 –Transformer Electrical Diagram. 

8.2 Electrical Specifications 
Electrical Strength 1 second, 60 Hz, from pins 1-5 to FL1, FL2, FL3, FL4.  3000 VAC 

Primary Inductance 
Pins 1-5, all other windings open, measured at  300 kHz, 
0.4 VRMS 350 H, ±10% 

Resonant Frequency Pins 1-5, all other windings open 1400 kHz (Min) 
Primary Leakage 
Inductance 

Pins 1-5, with FL1, FL2, FL3, FL4 shorted, measured at 
300 kHz, 0.4 VRMS 

53 H ±7% 

8.3 Materials 
Item Description 
[1] Core Pair: EEL25.4   Nippon Ceramic FEEL25.4-NC-2H, ungapped. 
[2] Bobbin: EEL25 Vertical, 3 chamber, 5 pins.  PI P/N 25-00960-05 
[3] Bobbin Cover, PI P/N 25-00961-00.  
[4] Tape: Polyester Film, 3M 1350F-1 or equivalent, 7.0mm wide. 
[5] Litz wire: 270/#42 Single Coated, Unserved. 
[6] Litz wire: 125/#44 Single Coated, Served. 
[7] Transformer Varnish: Dolph BC-359 or equivalent. 

  



RDR-239  150 W LLC Converter Using LCS702HG 13-Sep-11 
 

 
 
Page 27 of 57  

Power Integrations 
Tel: +1 408 414 9200   Fax: +1 408 414 9201 

www.powerint.com 

8.4 Transformer Build Diagram 

 
Figure 9 – Transformer Build Diagram. 

8.5 Transformer Construction 

Secondary Wire 
Preparation 

Prepare 2 strands of wire item [5] 13” length, tin ends, and label one strand to 
distinguish from other and designate it as FL1, FL2. Other strand will be 
designated as FL3 and FL4. Twist these 2 strands together ~30 twists evenly 
along length leaving 1” free at each end. See pictures below. 

WD1 (Primary) 
Place the bobbin item [2] on the mandrel with pin side on the left side. 
Starting on pin 1, wind 24 turns of served Litz wire [6] in 5 layers, and finish on 
pin 2. Secure winding with one turn of tape [4]. 

WD2A and WD2B 
(Secondary) 

Using unserved Litz assembly prepared in step 1, start with FL1 and FL3 inserted 
into hole 1 and hole 2 of bobbin [2] bottom flange (see illustration). Tightly wind 6 
turns in bobbin center chamber. Finish with FL2 in Hole 3 of bobbin bottom 
flange, and FL4 in hole 4. Secure winding with one turn of tape [4]. 

Bobbin Cover 
Slide bobbin cover [3] into grooves in bobbin flanges as shown, with closed end 
of cover pointed to pin 1-5 side of bobbin see illustration. Make sure cover is 
securely seated. 

WD 3 
(Primary) 

Start on pin 2 of bobbin [2], wind 25 turns of served Litz wire [6], finishing on pin 
5. Secure and insulate winding start lead using tape [4] per illustration. Secure 
winding with one turn of tape [4]. 

Finish 

Grind core halves [1] for inductance of 350 H ±10%. Assemble and secure core 
halves. Tin all secondary wires to ~ ¼” from bobbin holes per illustration, and trim 
to ½”.  
Dip varnish [7]. 
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8.6 Winding Illustrations 

Secondary Wire 
Preparation 

 

Make 2 cables of wire item 
[5] 13” length, tin ends, 
label one cable to 
distinguish from other and 
designate it as FL1, FL2. 
Other cable will be 
designated as FL3 and 
FL4. Twist these 2 cables 
together ~15 twists evenly 
along length leaving 1” free 
at each end. See pictures 
below. 

WD1 
(Primary)  

Place the bobbin item [2] on 
the mandrel with pin side 
on the left side. 

WD1 
(Primary) 
(Cont’d) 

 

Starting on pin 1, wind 24 
turns of served Litz wire [6] 
in 5 layers, and finish on pin 
2. Secure winding with one 
turn of tape [4]. 

FL1 

FL2

FL3 

FL4 

FL1 

FL3 

FL2 

FL4 
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WD2A and WD2B 
(Secondary) 

 

 

Using unserved Litz 
assembly prepared in step 
1, start with FL1 and FL3 
inserted into hole 1 and 
hole 2 of bobbin [2] bottom 
flange (see illustration). 
Tightly wind 6 turns in 
bobbin center chamber. 
Finish with FL2 in hole 3 of 
bobbin bottom flange, and 
FL4 in hole 4. Secure 
winding with one turn of 
tape [4]. 

Bobbin Cover 

Slide bobbin cover [3] into 
grooves in bobbin flanges 
as shown, with closed end 
of cover pointed to pin 1-5 
side of bobbin, see 
illustration. Make sure 
cover is securely seated. 

WD 3 
(Primary) 

 

Start on pin 2 of bobbin [2], 
wind 25 turns of served Litz 
wire [6] in 5 layers, finish on 
pin 5. 
 
Secure and insulate 
winding start lead using 
tape [4] per illustration. 
Secure winding with one 
turn of tape [4]. 

FL1 

FL2 

FL1 

FL2 

FL3 

FL4 
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Finish  

Grind core halves [1] for 
inductance of 350 H  
±10%. Assemble and 
secure core halves. Tin all 
secondary wires to ~ ¼” 
from bobbin holes per 
illustration, and trim to ½”. 
Dip varnish [7]. 

 
  

Front 

Back 
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9 Output Inductor Specification 

9.1 Electrical Diagram 

 
Figure 10 – Inductor Electrical Diagram. 

9.2 Electrical Specifications 

Inductance 
Pins FL1-FL2, all other windings open, measured at 100 kHz,  
0.4 VRMS 

150 nH, ±15% 

9.3 Material List 
Item Description 
[1] Powdered Iron Toroidal Core: Micrometals T30-26  
[2] Magnet wire: #19 AWG Solderable Double Coated 
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10 Heat Sink Assemblies 

10.1 Diode Heat Sink 

10.1.1 Diode Heat Sink Drawing 
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10.1.2 Diode Heat Sink Fabrication Assembly Drawing 
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10.1.3 Diode and Heat Sink Assembly Drawing 
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10.2 HiperLCS Heat Sink 

10.2.1 HiperLCS Heat Sink Drawing 
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10.2.2 HiperLCS Heat Sink Fabrication Assembly Drawing 
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10.2.3 HiperLCS and Heat Sink Assembly Drawing 
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11 Performance Data 

11.1 Efficiency Curve – 100%, 50%, 20% and 10% Load 

 
Figure 11 – Efficiency Data. 
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11.2 Load Regulation Curve – 100%, 50%, 20%, 10% and 0 Load 

 
Figure 12 – Output Load Regulation. 

11.3 Tabulated Data 
VIN 

(V) 
PIN 

(W) 
VOUT 

(V) 
IOUT 

(A) 
fOP 

(kHz) 
POUT 
(W) 

Efficiency 
(%) 

Regulation 
(%) 

VTON 
(V) 

VTOFF

(V) 
380 157.68 24.08 6.25 245.1 150.500 95.45 100.333 357 283 
380 78.49 24.09 3.13 255.1 75.402 96.07 100.375   
380 32.1 24.09 1.25 257.1 30.113 93.81 100.375   
380 16.63 24.11 0.63 260.4 15.189 91.34 100.458   
380 0.42 24.13 0 BM 0.000 0.00 100.542   
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12 Waveforms 

12.1 Half-Bridge Voltage and Current, Normal Operation 
Measured at 380 VDC input 
 

Figure 13 − Primary V-I, Half Load.  
Upper: Primary Current, 1 A / div.  
Lower: Primary Voltage, 100 V, 2 s / div. 

Figure 14 − Primary V-I, Full Load.  
Upper: Primary Current, 1 A / div.  
Lower: Primary Voltage, 100 V, 2 s / div. 
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12.2 Output Voltage Start-Up Profile 
Figures 15 and 16 were taken using a passive resistor load.  
 

Figure 15 − Full Load Start-up, Resistive Load.  
Upper: Primary Current, 2 A / div.  
Lower: VOUT, 10 V, 500 s / div. 

Figure 16 − Full Load Start-up, Resistive Load.  
Upper: Primary Current, 2 A / div.  
Lower: Resonating Capacitor (C11) 
Voltage, 200 V, 5 s / div. 

 

 
Figure 17 – No-Load Output Voltage at Start-up, 

10 V, 2 ms / div. 
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12.3 Output Brown-Out 
Figures 18 and 19 taken by switching off input voltage supply and triggering oscilloscope 
on rise of primary current. 
 

 

Figure 18 − Output Brown-Out.  
Upper: Primary Current, 2 A / div.  
Lower: Primary Voltage, 
200 V, 2 ms / div. 

Figure 19 − Output Brown-Out, Magnified View.  
Upper: Primary Current, 2 A / div.  
Lower: Resonating Capacitor Voltage, 
200 V, 20 s / div. 

12.4 Output Overload 
Figure 20 obtained by increasing output load up until primary overcurrent is triggered and 
supply goes into auto restart. 
 

Figure 20 − Output Overload.  
Upper: Primary Current, 2 A / div.  
Lower: Resonating Capacitor Voltage, 
200 V, 200 s / div. 
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12.5 Output Diode Peak Reverse Voltage 
The following waveforms were measured at full load and 380/420 VDC input. 
 

Figure 21 – Output Diode Peak Reverse Voltage, 
380 VDC Input, 20 V, 2 s / div.  

Figure 22 – Output Diode Peak Reverse Voltage, 
420 VDC Input, 20 V, 2 s / div. 

12.6 Short-Circuit 
For tests shown below, the supply output was shorted with a mercury displacement relay 
(no contact bounce and very low impedance) at 150 W load, 380 VDC input. The 
oscilloscope was set to trigger on current rise. 
 

 
Figure 23 − Primary Waveforms During Output 

Short-Circuit.  
Upper: Primary Current, 2 A / div.  
Lower: Resonating Cap Voltage, 
500 V, 10 s / div. 
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12.7 Load Step Response, 380 VDC Input 
In the figures shown below, the oscilloscope was triggered using the load current step as 
a trigger source. In Figure 24, signal averaging mode was used to separate the power 
supply step response signal from the output ripple. 
 

Figure 24 − Transient Response, 75%-100%-75% 
Load Step.  
Upper: IOUT, 2 A / div.  
Lower: VOUT, 50 mV, 500 s / div. 

 

Figure 25 − Load Step, 0-100% Load, 380 V 
Input.  
Upper: IOUT, 2 A / div.  
Lower: VOUT, 2 V, 5 ms / div. 

Figure 26 − Load Step, 100%-0 Load, 380 V Input. 
Upper: IOUT, 2 A / div.  
Lower: VOUT, 500 mV, 20 ms / div. 
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Figure 27 − Load Step, 20 mA-100% Load, 380 V 
Input.  
Upper: IOUT, 2 A / div.  
Lower: VOUT, 100 mV, 2 ms / div. 

Figure 28 − Load Step, 100%-20 mA Load, 380 V Input. 
Upper: IOUT, 2 A / div.  
Lower: VOUT, 100 mV, 2 ms / div. 

 

Figure 29 − Load Step, 1%-100% Load, 380 V 
Input.  
Upper: IOUT, 2 A / div.  
Lower: VOUT, 100 mV, 2 ms / div. 

Figure 30 − Load Step, 100%-1% Load, 380 V Input. 
Upper: IOUT, 2 A / div.  
Lower: VOUT, 100 mV, 5 ms / div. 
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Figure 31 − Load Step, 5%-100% Load, 380 V Input.  
Upper: IOUT, 2 A / div.  
Lower: VOUT, 100 mV, 2 ms / div. 

Figure 32 − Load Step, 100%-5% Load, 380 V Input. 
Upper: IOUT, 2 A / div.  
Lower: VOUT, 100 mV, 2 ms / div. 

 

Figure 33 − Load Step, 10%-100% Load, 380 V Input.  
Upper: IOUT, 2 A / div.  
Lower: VOUT, 100 mV, 2 ms / div. 

Figure 34 − Load Step, 100%-10% Load, 380 V Input. 
Upper: IOUT, 2 A / div.  
Lower: VOUT, 100 mV, 2 ms / div. 
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12.8 Load Step Response, 400 VDC Input 

Figure 35 − Load Step, 0-100% Load, 400 V Input.  
Upper: IOUT, 2 A / div.  
Lower: VOUT, 2 V, 2 ms / div. 

Figure 36 − Load Step, 100%-0 Load, 400 V Input. 
Upper: IOUT, 2 A / div.  
Lower: VOUT, 500 mV, 20 ms / div. 

Figure 37 − Load Step, 20 mA-100% Load, 400 V 
Input.  
Upper: IOUT, 2 A / div.  
Lower: VOUT, 2 V, 5 ms / div. 

Figure 38 − Load Step, 100%-20 mA Load, 400 V 
Input.  
Upper: IOUT, 2 A / div.  
Lower: VOUT, 500 mV, 5 ms / div. 
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Figure 39 − Load Step, 1%-100% Load, 400 V Input. 
Upper: IOUT, 2 A / div.  
Lower: VOUT, 100 mV, 2 ms / div. 

Figure 40 − Load Step, 100%-1% Load, 400 V 
Input.  
Upper: IOUT, 2 A / div.  
Lower: VOUT, 100 mV, 2 ms / div. 

Figure 41 − Load Step, 5%-100% Load, 400 V Input. 
Upper: IOUT, 2 A / div.  
Lower: VOUT, 100 mV, 2 ms / div. 

Figure 42 − Load Step, 100%-5% Load, 400 V 
Input.  
Upper: IOUT, 2 A / div.  
Lower: VOUT, 100 mV, 2 ms / div. 
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Figure 43 − Load Step, 10%-100% Load, 400 V 
Input.  
Upper: IOUT, 2 A / div.  
Lower: VOUT, 100 mV, 2 ms / div. 

Figure 44 − Load Step, 100%-10% Load, 400 V 
Input.  
Upper: IOUT, 2 A / div.  
Lower: VOUT, 100 mV, 2 ms / div. 
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12.9 Output Ripple Measurements 

12.9.1 Ripple Measurement Technique 

For DC output ripple measurements, a modified oscilloscope test probe must be utilized 
in order to reduce spurious signals due to noise pickup. Details of the probe modification 
are provided in the figures below. 
 
The 4987BA probe adapter is affixed with two capacitors tied in parallel across the probe 
tip. The capacitors include one (1) 0.1 F/50 V ceramic type and one (1) 1.0 F/50 V 
aluminum electrolytic.  The aluminum electrolytic type capacitor is polarized, so proper 
polarity across DC outputs must be maintained (see below). 
 

 
Figure 45 − Oscilloscope Probe Prepared for Ripple Measurement. (End Cap and Ground Lead Removed) 

 

 
Figure 46 − Oscilloscope Probe with Probe Master (www.probemaster.com) 4987A BNC Adapter. 

(Modified with Wires for Ripple Measurement, and Two Parallel Decoupling Capacitors 
added) 

Probe Ground 

Probe Tip 
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12.9.2 Output Ripple Measurement Results 

 

Figure 47 − Ripple, 380 VDC Input, 100% Load. 
Upper: Output Ripple Voltage,  
20 mV / div, 2 s / div. 

Figure 48 − Ripple, 400 VDC Input, No Load.  
Upper: Output Ripple Voltage,  
50 mV / div. 500 s / div.  
Power Supply is in Burst Mode. 
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13 Temperature Measurements 

13.1 Conditions: 380 VDC, Full Load, 1 Hour Soak 
 

Figure 49 – Visible Light Transformer Front View. Figure 50 – Full Load Transformer Thermal Front 
View, Room Temperature. 

Figure 51 – Visible Light Transformer Side View. Figure 52 – Full load Transformer Thermal Side 
View, Room Temperature. 
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Figure 53 – Visible Light Transformer Back View. Figure 54 – Full Load Transformer Thermal Back View, 
Room Temperature. 

 

Figure 55 – Visible Light Output Rectifier Front 
View. 

Figure 56 – Full Load Output Rectifier Thermal View, 
Room Temperature. 
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Figure 57 – Visible Light HiperLCS Front View. Figure 58 – Full Load HiperLCS Thermal View, 
Room Temperature. 
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14 Gain-Phase Plot 
 
 

 
Figure 59 – Gain-Phase, 0.06 V Excitation. Gain Crossover 12.9 kHz, Phase Margin 57 Degrees. 
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15 Revision History 
Date Author Revision Description and Changes Reviewed 
13-Sep-11 RH 1.0 Initial Release Apps & Mktg 
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For the latest updates, visit our website: www.powerint.com 
 
Power Integrations reserves the right to make changes to its products at any time to improve reliability or manufacturability.  
Power Integrations does not assume any liability arising from the use of any device or circuit described herein. POWER 
INTEGRATIONS MAKES NO WARRANTY HEREIN AND SPECIFICALLY DISCLAIMS ALL WARRANTIES INCLUDING, 
WITHOUT LIMITATION, THE IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR 
PURPOSE, AND NON-INFRINGEMENT OF THIRD PARTY RIGHTS. 

PATENT INFORMATION 
The products and applications illustrated herein (including transformer construction and circuits’ external to the products) 
may be covered by one or more U.S. and foreign patents, or potentially by pending U.S. and foreign patent applications 
assigned to Power Integrations.  A complete list of Power Integrations’ patents may be found at www.powerint.com. Power 
Integrations grants its customers a license under certain patent rights as set forth at http://www.powerint.com/ip.htm. 
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Integrations, Inc. Other trademarks are property of their respective companies. ©Copyright 2011 Power Integrations, Inc. 
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