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Figure 1. LCD TV Demo Board
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Program
Name
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for Televisions

Demoboard
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China CSC 3 W Yes

Korea Energy
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EU Code
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Requirement Min Max Unit

Input Voltage (ac) 85 265 V

Output Voltage 1 (dc) − 24 V

Output Current 1 0 6 A

Output Voltage 2 (dc) − 12 V

Output Current 2 0 3 A

Output Voltage 3 (dc) − 5 V

Output Current 3 0 2 A

Output Voltage STBY (dc) − 5 V

Output Current STBY 0 2 A

Total Output Power 0 200 W

Consumption for a 500 mW
Output Load in STBY Mode

− 1 W

Consumption for a 100 mW
Output Load in STBY Mode

− 400 mW
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Figure 2. The EMI Filter

Figure 3. Schematic of the PFC Stage
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Figure 5. The SMPS Secondary Side Schematic
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Figure 6. Frequency Response of the Open
Regulation Loop of the STBY
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Figure 8. The LLC Primary Side Schematic
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d�¡¢&,�
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����	�
������
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VbulkM9/ w>
0y�¿i��LLC?��_
�C�BO��)n18.2 �A8�n����BO��8
²yPFC�G�kRDS����y��:1;��
5����ð�²yy���¿i����²v��
��)n�n&,:�¢Mî�������aMy
À�:���5���a w>�%�8�/9�:
1;��5����1���������
��Q4�w��`'&,:�a89/����
�C��=�VBE��æñ[�MJ:���1�
�a� w>��A�çÃ�:�M�è���1�
U*�e�������Vbulk�Ü½�a;��6.5 V
8"�����Q4�w�−jãD=yi��.u
���&�aMtu&,:1;81��:�A��
jãD=�a8D22��a
0����çÃ�:1
;L�����

VB � Vbulk

Rlower
Rlower � Rupper

�
IE

hFE
� � Rlower � Rupper

Rlower � Rupper
�

(eq. 1)

11��

VB = Q4�w��a

hFE = Q4�òó�¢�$�

Vbulk = Ü½R>S�a

Rlower = R39�R47�R48�R51�²ÐõöõÏÐ�Ïf
i'�����c�:é�

Rlower �
1

1
R47�R48
R47�R48

�R39
� 1

R51 (eq. 2)

Rupper =õ¿ÀR7�R11�R15�R28�²Ð�Ïfi'
�����c�:é�

Rupper � R7 � R11 � R15 � R28 (eq. 3)

IE = Q4�jãD=)n`'&,:�¢����c�
:é�

IE �
VBO � (R87 � R88)

R87 � R88
�

(VE � VBO) � (R53 � R54)

R53 � R54

(eq. 4)

11��

VBO = NCP1392B�BO�a����01.0 V

VE = Q4�jãD=�a����;	0�

VE � VB � VBE (eq. 5)

c÷�ø�Mæ��5:���E��&���J
0�hFE��C��=Q4�ñ[�:("�=���

�
:;250N600�#O)���385 Vbulk�¿i�1
��8�0.4 �A�9/�5�w��aM0���:
��²Í �������1�U*�e����
��1��8Q/��f����VB��MêÈ�[
d��Ç��Vbulk_ON;Vbulk_OFF89/�:�A�
*�[¿À8ª/�:1;M�5���
"�=����
:;�BO���Rlower8ª/�
:c����;	0���

RBO_lower � VrefBO �
VBO_bulk1 � VBO_bulk2

IBO � (VBO_bulk2 � VrefBO)
(eq. 6)

���Rupper�¿i����;	0���

RBO_upper � RBO_lower �
VBO_bulk2 � VrefBO

VrefBO
(eq. 7)

11��

VrefBO = 1.0 V ("�=���8�S)

IBO = 18.2 �A ("�=���8�S)

VBO_bulk �
Rlower

Rupper � Rlower
� Vbulk � VBE (eq. 8)

Vbulk�LLC8�º�5:�a���1�LLC�375 V
��º�:1;M�5���

1��8c8�ùb�:;���
r�[0���

VBO_bulk1 � 47.465 � 103

2.74 � 106 � 47.465 � 103 � 375 � 0.55

(eq. 9)
VBO_bulk1 � 5.84 V

LLCME>º�8Á��:�a8295 V�9/�
���c8�1��8l��:;���
r�[0
���

VBO_bulk2 � 47.465 � 103

2.74 � 106 � 47.465 � 103 � 295 � 0.55

(eq. 10)
VBO_bulk2 � 4.47 V

c68lr;ÀÂ¿À��8$A:1;M�5���

RBO_lower � 1 � 5.84 � 4.47
18.2 � 10�6(4.47 � 1)

(eq. 11)
RBO_lower � 21.69 k�

c78lr;cÂ¿À��8$A:1;M�5���

RBO_upper � 21.69 � 103 � 5.84 � 1
1

(eq. 12)
RBO_upper � 75.27 k�
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Figure 9. The Skip Mode Schematic
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Figure 10. The Output Short Protection Schematic
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Figure 11. The Over-Current Protection Schematic
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Figure 12. The LLC Secondary Side Schematic
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Ú&��1�U*�e����!¬���l���
� : � C �  � � J e p u l s � � s " > � Y
BCK3501−078���1��C���JEC��=
���;	0���

ý1�ÂÌÍ� 34ÌÍ
2�ÂÌÍ24 V� 2 × 4ÌÍ
2�ÂÌÍ12 V� 2 × 2ÌÍ
ý4xÌÍ� 3ÌÍ

1�Â$�ÖS=�� Lmag = 670 �H
ýÖ,$�ÖS=�� Lleak =105 �H

1�Â$�ÖS=�;Ö,$�ÖS=��°
u� 5%
1��C�8�ñ��f��þr�1�U*�
e�����*�[�$����;	0���

Gmin �
2 � (Vout � Vf)

Vin_max
�

2 � (24 � 0.6)
425

� 0.116 (eq. 13)

Gnom �
2 � (Vout � Vf)

Vin_nom
�

2 � (24 � 0.6)
385

� 0.128 (eq. 14)

Gmax �
2 � (Vout � Vf)

Vin_min
�

2 � (24 � 0.6)
295

� 0.167 (eq. 15)

1�LLC�º�8�¸����Ä�·��,)
����
r�:é�5���

fres �
1

2 � � � Lleak � Cres	
� (eq. 16)

� 1
2 � � � 105 � 10�6 � 33 � 10�9	 � 85.5 kHz

���·��,)����
r�:é�5���

fmin � 1
2 � � � (Lleak � Lmag) � Cres	

� (eq. 17)

� 1
2 � � � (105 � 10�6 � 670 � 10�6) � 33 � 10�9	

�

� 31.5 kHz
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Figure 16. Detail of the drain current and
voltage of the STBY SMPS for 20 W load and
nominal Vbulk. An 800 V MOSFET is used. The
max drain voltage for this figure is 600 V, so

the transistor is safe.

Figure 17. STBY primary current and drain
voltage for 20 W load, nominal Vbulk. SMPS

operates at 60 kHz.
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Figure 18. Nominal Vbulk, no load. The frequency
dropped to approximately 1.7 kHz, and primary

current was reduced to 700 mA.

Figure 19. Nominal Vbulk, 20 W load, detail of the
output ripple

Figure 20. Nominal Vbulk, no load, output ripple Figure 21. Nominal Vbulk, transient respond to
change load from 4 A to 0.4 A, 50% duty cycle,

10 Hz frequency. Measured overshoot is 190 mV.

Figure 22. Nominal Vbulk, transient respond to
change load from 4 A to 0.4 A, 50% duty cycle,

10 Hz frequency. Measured drop is 190 mV

Figure 23. SMPS in STBY mode, 265 VAC, 10 W
load. Primary current and drain voltage
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Figure 24. SMPS in STBY mode, 85 VAC, 10 W
load. Primary current and drain voltage

Figure 25. SMPS in STBY mode, 265 VAC, no load.
Primary current and drain voltage, switching

frequency of 500 Hz

Figure 26. SMPS in STBY mode, 85 VAC, no load.
Primary current and drain voltage, switching

frequency of 2 kHz

Figure 27. PFC coil current, drain voltage for
265 VAC measured at peak of the sinusoidal

waveform, nominal load on the outputs

Figure 28. PFC coil current, drain voltage for
230 VAC measured at peak of the sinusoidal

waveform, nominal load on the outputs

Figure 29. PFC coil current, drain voltage for
85 VAC measured at peak of the sinusoidal

waveform, nominal load on the outputs
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Figure 30. LLC primary current and bridge voltage
for nominal load on the outputs

Figure 31. LLC primary current, bridge voltage
and output ripple (measured on 24 V line) for

nominal load

Figure 32. LLC skip mode. Primary current and
output voltage’s ripple for no load on the outputs

Figure 33. LLC skip mode. Primary current and
output voltage’s ripple for 100 mA on the 24 V line

output

Figure 34. LLC transient. Respond to change on
transient load from 0.75 A to 7.5 A on 24 V line,

10 Hz, 50% duty cycle

Figure 35. LLC transient. Respond to change on
transient load from 7.5 A to 0.75 A on 24 V line,

10 Hz, 50% duty cycle
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Figure 36. LLC, maximum current on the primary
winding if output is shorted

Figure 37. LLC, maximum current on the primary
winding if secondary winding of the transformer is

shorted

Figure 38. LLC short overload, primary current,
output voltage and C53 voltage

Figure 39. LLC long overload, primary current,
output voltage and C53 voltage

Figure 40. LLC shorting of the output, primary
current, output voltage and C53 voltage. LLC

periodically tried to restart since short was held.
Once short disappears, output voltage is restored.

Figure 41. LLC shorting of the output, primary
current, output voltage and C33 voltage

http://www.onsemi.jp/PowerSolutions/home.do?currentSession=-1
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Figure 42. LLC soft start to no load on the outputs Figure 43. LLC soft start to nominal load
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Figure 44. Efficiency of Entire Demoboard

Figure 45. Conducted EMI Signature of the Board
at Full Load and 230 VAC Input

Figure 46. Conducted EMI Signature of the Board
at Full Load and 110 VAC Input
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Figure 47. Schematic of the SMPS
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Figure 48. Bottom Side of the PCB
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Figure 49. Bottom Labels
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Figure 50. Top Labels
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Figure 51. Photo of the Demoboard with Temperatures Measured for 230 Vac and
110 Vac in Bracket (Ambient Temperature 26�C, Full Load, Vertical Position)
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Figure 52. Photo of the Demoboard with Heatsinks Removed
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Figure 53. Photo of the Demoboard, Bottom Side
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