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10.1.2 Component Temperatures (265 VAC, 50 Hz, 25C) 
 

Figure 22 – SP1 – TNY286PG (U1).                         
SP2 – Output Diode (D4).                    
SP3 – Fusible Resistor (FR1). 

Figure 23 – SP1 – TNY286PG (U1).                         

 

Figure 24 – SP1 – Output Diode (D4).                    
SP2 – Output Snubber Resistor (R4).      

Figure 25 – SP1 – Transformer (T1).                       
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11 Waveforms 
11.1 Input Voltage and Current, Normal Operation 

Figure 26 – 190 VAC, Full Load.  
Green: IIN, 0.1 A / div. 
Yellow: VDIN, 100 V, 5 ms / div.

Figure 27 – 220 VAC, Full Load. 
Green: IIN, 0.1 A / div. 
Yellow: VDIN, 100 V, 5 ms / div. 

 

Figure 28 – 240 VAC, Full Load.  
Green: IIN, 0.1 A / div. 
Yellow: VDIN, 100 V, 5 ms / div.

Figure 29 – 265 VAC, Full Load. 
Green: IIN, 0.1 A / div. 
Yellow: VDIN, 100 V, 5 ms / div. 
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11.2 Drain Voltage and Current, Normal Operation 

Figure 30 – 190 VAC, Full Load.  
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V, 1 ms / div. 

Figure 31 – 190 VAC, Full Load. 
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V / div.                       
Time Scale: 1 ms / div.           
Zoom Time Scale: 100 s / div. 

 

Figure 32 – 230 VAC, Full Load.  
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V, 1ms / div. 

Figure 33 – 230 VAC, Full Load. 
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V /div.                       
Time Scale: 1 ms / div.                      
Zoom Time Scale: 10 s / div. 
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Figure 34 – 265 VAC, Full Load.  
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V.                          
Time Scale:1 ms / div. 

Figure 35 – 265 VAC, Full Load. 
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V / div.            
Time Scale: 1 ms / div.                       
Zoom Time Scale: 10 s / div. 

11.3 Drain Voltage and Current Start-up Profile 
No saturation or any possible cause of failure. 

Figure 36 – 190 VAC Input and Maximum Load. 
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V / div. 
Time Scale: 1 ms / div. 

Figure 37 – 190 VAC Input and Maximum Load. 
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V / div.      
Time Scale: 1 ms / div.    
Zoom Time Scale: 2 s / div. 
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Figure 38 – 190 VAC Input and Maximum Load. 
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V / div.                     
Time Scale: 1 s / div. 

Figure 39 – 190 VAC Input and Maximum Load. 
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V / div.       
Time Scale: 20 s / div.       
Zoom Time Scale: 1 s / div. 

 

Figure 40 – 265 VAC Input and Maximum Load. 
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V / div. 
Time Scale: 1 ms / div. 

Figure 41 – 265 VAC Input and Maximum Load. 
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V / div. 
Time Scale: 1 ms / div.      
Zoom Time Scale: 5 s / div. 
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11.4 Drain Voltage and Current Start-up Short Waveform 

Figure 42 – 265 VAC Input and Shorted Load.  
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V / div.      
Time Scale: 1 ms / div. 

Figure 43 – 265 VAC Input and Shorted Load.  
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V / div. 
Time Scale: 1 ms / div.       
Zoom Time Scale: 5 s / div. 

11.5 Drain Voltage and Current Normal Running Short Waveform 

Figure 44 – 265 VAC Input, Full Load then Short.  
180 ms Continuous Switching.       
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V / div.     
Time Scale: 500 ms / div. 

Figure 45 – 265 VAC Input, Full Load then Short.    
2.5 s Off Time before Auto-restart.     
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V / div.      
Time Scale: 500 ms / div. 
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Figure 46 – 265 VAC Input and Full Load then Short. 
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V / div.      
Time Scale: 20 ms / div. 

Figure 47 – 265 VAC Input and Full Load then Short. 
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V / div.       
Time Scale: 50 s / div.         
Zoom Time Scale: 2 s / div. 

 

11.6 Output Diode Waveform at Normal Operation 

Figure 48 – 190 VAC Input and Full Load then Short. 
Upper: IDRAIN, 0.2 A / div. 
Lower: VOUT, 20 V / div.                     
Time Scale: 100 s / div. 

Figure 49 – 265 VAC Input and Full Load then Short. 
Upper: IDRAIN, 0.2 A / div. 
Lower: VDRAIN, 200 V / div.        
Time Scale: 50 s / div.        
Zoom Time Scale: 2 s / div. 
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11.7 Output Voltage Start-up Profile 

 

Figure 50 – Start-up Profile, 190 VAC 
Upper: VIN, 100 V / div. 
Lower: VOUT, 5 V / div.                            
Time Scale: 50 ms / div. 

Figure 51 – Start-up Profile, 265 VAC. 
Upper: VIN, 100 V / div. 
Lower: VOUT, 5 V / div.                            
Time Scale: 50 ms / div. 
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11.8 Load Transient Response (0% to 100% Load Step) 
In the figures shown below, signal averaging was used to better enable viewing the load 
transient response. The oscilloscope was triggered using the load current step as a 
trigger source. Since the output switching and line frequency occur essentially at random 
with respect to the load transient, contributions to the output ripple from these sources 
will average out, leaving the contribution only from the load step response.

Figure 52 – Transient Response, 230VAC, 0-100-0% 
Load Step for Worst Case Condition at 
100 Hz. 
Upper: VOUT, 200 mV / div. 
Lower: IOUT, 100 mA / div. 
Time Scale: 5 ms / div. 

Figure 53 – Transient Response, 230VAC, 50-100-
50% Load Step for Worst Case Condition 
at 100 Hz. 
Upper: VOUT, 200 mV / div. 
Lower: IOUT, 100 mA / div.                         
Time Scale: 5 ms / div. 

Figure 54 – Transient Response, 230VAC, 0-100-0% 
Load Step for Worst Case Condition at 1 
kHz. 
Upper: VOUT, 200 mV / div. 
Lower: IOUT, 100 mA / div.                         
Time Scale: 5 ms / div. 

Figure 55 – Transient Response, 230VAC, 50-100-
50% Load Step for Worst Case Condition 
at 1 kHz. 
Upper: VOUT, 200 mV / div. 
Lower: IOUT, 100 mA / div.                         
Time Scale: 5 ms / div. 
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11.9 Brown-out Test 
No component failure was observed. 

 

Figure 56 – Brown-out at 0.5 V / div. 
Upper: VIN, 100 V / div. 
Lower: VOUT, 5 V / div.                             
Time Scale: 20 s / div.                         

Figure 57 – Brown-in at 0.5 V / div. 
Upper: VIN, 100 V / div. 
Lower: VOUT, 5 V / div.                             
Time Scale: 20 s / div.                         

 

 

Figure 58 – Brown-out at 0.5 V / div. 
Upper: VIN, 100 V / div. 
Lower: VOUT, 5 V / div.                             
Time Scale: 50 ms / div.                         

Figure 59 – Brown-in at 0.5 V / div. 
Upper: VIN, 100 V / div. 
Lower: VOUT, 5 V / div.                             
Time Scale: 50 ms / div.                         
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11.10 Open Loop Test 

 

Figure 60 – 190 VAC Open Loop at No-Load. 
VOUT, 5 V / div.                                       
Time Scale: 500 ms / div.                        

Figure 61 – 265 VAC Open Loop at No-Load. 
VOUT, 5 V / div.                                       
Time Scale: 500 ms / div.                        

 

 

Figure 62 – 190 VAC Open Loop at Full-Load. 
VOUT, 5 V / div.                                       
Time Scale: 500 ms / div.                        

Figure 63 – 265 VAC Open Loop at Full-Load. 
VOUT, 5 V / div.                                       
Time Scale: 500 ms / div.                        
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11.11 Output Ripple Measurements 

11.11.1 Ripple Measurement Technique 
For DC output ripple measurements, a modified oscilloscope test probe must be utilized 
in order to reduce spurious signals due to pick-up. 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 64 – Oscilloscope Probe Prepared for Ripple Measurement. (End Cap and Ground Lead Removed) 

 

 
Figure 65 – 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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11.11.2 Measurement Results 

Figure 66 – Ripple, 190 VAC, Full Load. 
5 ms, 100 mV / div. 

Figure 67 – Ripple, 265 VAC, Full Load. 
5 ms, 100 mV / div. 

Figure 68 – Ripple, 230 VAC, Full Load. 
5 ms, 100 mV / div. 

Figure 69 – Ripple, 230 VAC, ¾ Full Load. 
5 ms, 100 mV / div. 
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Figure 70 – Ripple, 230 VAC, ½ Full Load. 
5 ms, 100 mV / div. 

Figure 71 – Ripple, 230 VAC, ¼ Full Load. 
5 ms, 100 mV / div. 

 

Figure 72 – Ripple, 230 VAC, 1/8 Full Load. 
5 ms, 100 mV / div. 

Figure 73 – Ripple, 230 VAC, No-Load. 
5 ms, 100 mV / div. 
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13 Line Surge 
Differential input line 1.2/50 µs surge testing was completed on a single test unit to 
IEC61000-4-5. Input voltage was set at 230 VAC / 60 Hz. Output was loaded at full load 
and operation was verified following each surge event. 
 

Surge 
Level (V) 

Input 
Voltage 
(VAC) 

Injection 
Location 

Injection 
Phase 

(°) 

Test Result 
(Pass/Fail) 

+250 230 L to N 90 Pass 
-250 230 L to N 90 Pass 
+500 230 L to N 90 Pass 
-500 230 L to N 90 Pass 
+750 230 L to N 90 Pass 
-750 230 L to N 90 Pass 

+1000 230 L to N 90 Pass 
-1000 230 L to N 90 Pass 

 
Unit passes under all test conditions. 
 
Differential Ring input line surge testing was completed on a single test unit to 
IEC61000-4-5.  Input voltage was set at 230 VAC / 60 Hz.  Output was loaded at full load 
and operation was verified following each surge event. 
 

Surge 
Level (V) 

Input 
Voltage 
(VAC) 

Injection 
Location 

Injection 
Phase 

(°) 

Test Result 
(Pass/Fail) 

+2500 230 L to N 90 Pass 
-25000 230 L to N 90 Pass 
+2500 230 L to N 0 Pass 
-25000 230 L to N 0 Pass 

 
Unit passes under all test conditions. 
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14 Conducted EMI 
 

 
 

Figure 74 – Conducted EMI, Maximum Steady-State Load, 230 VAC, 60 Hz, and EN55015 B Limits. Unit 
on Top of Copper Plane. 
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Table 4 – Conducted EMI, Maximum Steady-State Load, 230 VAC, 60 Hz, and EN55015 B Limits. Unit on 

Top of Copper Plane. 
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Figure 75 – Conducted EMI, Maximum Steady-State Load, 230 VAC, 60 Hz, and EN55015 B Limits. Unit 
on Top of Copper Plane that is Connected to Earth. 
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Table 5 – Conducted EMI, Maximum Steady-State Load, 230 VAC, 60 Hz, and EN55015 B Limits. Unit on 

Top of Copper Plane that is Connected to Earth. 
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15 Revision History 
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07-Nov-14 JdC 1.0 Initial Release Apps & Mktg 
     
     
     

 
  



DER-423 12 W LED Ballast Power Supply Using TNY286PG 07-Nov-14 
 

 
 
  Page 54 of 54 

Power Integrations, Inc. 
Tel: +1 408 414 9200   Fax: +1 408 414 9201 
www.powerint.com 

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.power.com.  Power 
Integrations grants its customers a license under certain patent rights as set forth at http://www.powerint.com/ip.htm. 
 
The PI Logo, TOPSwitch, TinySwitch, LinkSwitch, LYTSwitch, DPA-Switch, PeakSwitch, CAPZero, SENZero, LinkZero, HiperPFS, HiperTFS, 
HiperLCS, Qspeed, EcoSmart, Clampless, E-Shield, Filterfuse, StackFET, PI Expert and PI FACTS are trademarks of Power Integrations, 
Inc. Other trademarks are property of their respective companies. ©Copyright 2014 Power Integrations, Inc. 
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