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Figure 1. Conventional 2−Stage Conversion
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Figure 2. Single Stage Conversion with NCP1652

EMI
Filter

DC
Output

AC
Input

Main
Converter

+

http://onsemi.com

��&'�()$����



http://onsemi.com
2

����?9��*+,G� ������N�
Qc]d#$%H-v0-��@;�Afw(�6
3�-��	@;T9l2/�I�2;��V+�
<��7�x�:y",��B��zPFCV+��
����{
� 7CD2/EX�2F|G}~0
-NH~C/�78zPFCF�G�"I�4@;�

:2;F�G�"�dcH-��IJ6dc�Q��6
3120 Hz��,G��,��2;�C�����K
(��L��:H-xG� yF����N1��FM
N��7O.~C49/���2;Figure 37	��
�������F�G�"��V+��3�:2;

NCP1652 90 Watt PFC Adapter Supply
19 Vout, 90−265 VAC Input (Rev 6)

Notes:

1. Crossed schematic lines are not connected.
2. Heavy lines indicate power traces/planes.
3. Z2/D9 is for optional OVP.
4. L1 is Coilcraft BU10−1012R2B or equivalent.
5. L2 is Coilcraft P3221−AL or equivalent.
6. L3 is Coilcraft RFB0807−3R3L or equivalent.
7. Q1 and D8 will require small heatsinks.

Figure 3. Single Stage Converter Schematic
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06�� �,�! "���ÛÜI6/e
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­7���7/06F��iÇ��NÝ�7
D�"����Þ7�/�t��®ß�E�
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,�! "��� 1F�(�0-�-N�:/�
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Ipk � 2 Pout�n � �� Vin(min) � ton(max)

����n�Ð£O��f��,�{���WX�
Vin(min)�R�+,��Q��R�a H-�Q�
ton max�R�)�w}�2;�C}~���F5�
$f76�:2;

Ipk � (2 � 95 W)�0.88 � 70000 � 83 V � 10 �s)

� 3.7 A(pk)

n+,��Q7M�4��rms� (90 Vac)��63
�a +,��Q����49/�I7·¸�43
wB9;�C��H-N120 Hz��,G��,��
����i��P²�rms��63a �Q�iX
��/I9fÙ�}~849:2;
����|G��,Ï��]2/��7����
� �(�rms�N/0�2;120 VacH-�a �

j��S��, �D = 0.5��CCMW�NJã²�
�Iä]���t (bdF��������¹7�
�� ��30%��/N��CNRm����º]
���¯) �IJ6dcH-7M2/�,�{���
WXF�������rms��F�$f76�:2
;

Irms � Ipk � D� � 3.7 � 0.707 � 2.6 A

����F�G�"å�H-N120 Hz��,G�
�,�����������IJ6dc��69��
�æz0.707�»¼2//0N��:2;�C7$�
��1.8 A�rmseF�(76�:2;|G½�¾/
I�#24b¿|G����(�g4�`�}870 kHz
�½ÀO�Y�NR�76/���eFÂ7�O�
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/06R�eF,�! "����F5�ç.~
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� (120 Vdc � 10 �s)�3.7 A � 324 �H

Lmin � Vdcpk(min) � ton(max)�Ipk

����V d c p k m i n���� H-�Q
(85 Vac x 1.414)�n+,���2;����F��
I�ä]�:2;���!"#$��EX7M�4
CCM��/��7���,�! "����2è�
650 �H7�:2;�C���F�7/06eF|G
�|X��F5}~�¼�`:2;

NP �
L � Ipk � 108

Ae � Bmax
�

650 �H � 4 A � 108

1.6 cm2 � 2800 g
� 58 turns

������ �(�4 A7é�~C�'�(~·
��Áê�c�ë����ÂÃ�4R�b³ìz
(Bmax)�2.8 kíR�����49:2;

PQ3230F�7M2/PQ3230�îï�|GhN�
0.73,�{��/�I7Ä¸��îï��18�à7
24Å|G (�Æ0.022,�{)��30V��â��BC
�eFÂ�×�t�60V��U7|3�IN�`�
t�60V�6k6|XI6�:2;
F��eFÂIðFÂ�|X���]2/�I�
2;�C7$�4�MOSFET Q1��Ôß*+,G�
 �QN¶:��:�	
��Å0-K(�D8�¾
~C/�� Ç�QT¶:�:2;ðF|XN10V
�6�1���4s:�ñf;�������1à�#
24��*ª,+|`�3È����4��10 A rms�
Rm�����/ðF�(�¨f�IN�`:2;
ÔßeF*+,G� �Q#$%R�PRV0-!,
)�?�QNZ+,��]�:2;378 Vdc��� 
�Q7CD2/270 Vac�H-�Q�ä]�4s:�
ñf;Ôß*+,G� �Q��F5�I#��
19 Vout��� ðF�Q7	
��ÅÉ�'�QÊ
mò|X��º¼���76�:2;

Vflyback � (19 V � 1 V) � 120 V

�C��� eF�Q387V7º¼2/I�
378 + 120 = 498 VI2ó4��� �,�! "��
���, (#^~3100 Vyz) �ê76�:2;
����800 V MOSFET��C7M�4WX6�¯
�2;T1�eFÂ��T1��� �,�! "��
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7$�4]�/ËÄ��, � +��2/D7�C7
�#$%R3��Q +�����GV+�G,��
BC:2;
0-	
��ÅPRV�Q��F�$f7��� 
H-�Q�|X��»¼���7�0-�QI0-
!,)�?�QÊm�º¼���76�:2;

Diode PRV � (378�6) � 20 V � 83 Vpk

��N�4�]¢100 V�	
��Å��C�g4
�`:2;R24IC19}~
/�B6R/C��GND9

�Ì¤7��BC4#���~ô/õ]�Q��,
 �[¡Bb:2;Figure 87RÌ�6�+����
¢,��de�3�:2;

789:

O�#$%-��£]��-��THD�O��£
]���USr,��QIEuror,��Q�Ì�7#
94�25%�50%�75%�#$%100%�#$�öH
��T��2;O��Energy Star�<"77�4a
 d��T��2;Í��F�½73�:2;

Load 100% 75% 50% 25%

Vin = 120 Vac THD = 6.6 4.5 7.2 11.4

PF = 0.995 0.993 0.986 0.948

Eff = 88.0 88.9 89.8 89.1 Eff avg = 89%

Vin = 230 Vac THD = 7.1 10.3 13.8 14.6

PF = 0.975 0.951 0.901 0.713

Eff = 89.9 89.4 90.4 87.1 Eff avg = 89.2%

9¯C�AC+,���T�O�N�!�"7M2
/87%�R�Energy Star0·��U7\V�:��
;v#$w�H-Î��-��120 Vac�310 mW�
230 Vac�430 mW���;�#$w�O��F�I
#��2;

Output Load 0.5 W 1.0 W 1.7 W

120 Vac in 57% 69% 73%

230 Vac in 47% 59% 69%

;�&��*

115 VacH-7M2/���5��»�#$��
120 Hz0-�����Figure 473�:2;����
�h�÷ì70-�{#$%���#$�iXI6
�:2;�C��c]d����l¦h�/Ï�7
�����WX$��B3�Z9-�NPÐBC/
���2 (Figure 7T£f);

Figure 4. Output Ripple
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Figure 5�W���115 Vac#$%230 VacH-7M
2/�0-#$ø(5 A)w�MOSFET Q1�?h,��
Q��*ª,��3�49:2;µá\N����
��Q��, ���+��TÑ��� �,�!
 "��7$�4�]��D7�C7�#$%R3��
�GV+7$�4�EXNO¥BC:2;

Figure 5. Q1 Drain Waveforms at Full Load
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Figure 6. Q1 Drain Waveforms at 25% Load



http://onsemi.com
7

���",���?h,�W���ZO�@1#
$%nEMI�]7I�4Õ(~C69'ú6�� 
�,�! "��7$/�Q��, ®L����
i��N63B:7x ���y���;�h��
�,�! "���n[�;6Ö×��R��-�
����h���ØÙ6�+�?��h���#$
% +�?x·Hy6L�6k6PCî�?�h,�
R�ÚÛ�Ü�2/�I7$�4�6k6�,�{
��W���*ª,�IR�EMINPÐBC:2;
:��ùÝ�I#�B:7n9*+,G� ��+
����� �,�! "��TB:7^0�2;
$�Z�-������	
�®@Þ�¥�7$�
4R66F��ª®|GÚ�N¥�BC/����
��eF�Q��, �O¥2/� �S�� +
�����N/06�IN��:2;

Figure 7�0-"��)����*ª,���9¯
C�#$~·�T��7n9l¦h�¥k����
)�G	j���32�IN�¯~�369v#$
w�T0-)�G	j��N69�I��ß73�
49:2;�#$��120 Hz����������
��N��`�¾.:2;

Figure 7. Turn−on Profiles
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MAGNETICS DESIGN DATA SHEET

Part Description: CCM Flyback transformer, 70 kHz, 19 Vout (Rev 2)

Project:  NCP1652, 90W, 19V Adapter

Schematic ID: T1

Core Type: PQ3230, 3C94 (Ferroxcube) or P material (Mag Inc.)

Core Gap:  Gap core for 600 to 650 uH across pins 1 to 2.

Inductance: 625 uH nominal measured across primary (pins 1 to 2)

Bobbin Type: 12 pin pc mount (Mag Inc PC−B3230−12 or equivalent)

Windings (in order):

Winding # / type Turns / Material / Gauge / Insulation Data

Hipot: 3 kV from primary/Vcc to 19V secondary windings.

Schematic Lead Breakout / Pinout
(bottom view)

Pri A

Pri B

Vcc

Primary A: (1 − 3) 30 turns of #24HN over one layer (no margins).  Self−leads
to pins. Insulate for 3 kV to next winding.

19V Secondary (7, 8, 9 − 10, 11, 12) 10 turns of 3 strands of #24HN flat wound (trifilar) over
one layer with tape cuffed ends for safety (no margins)
Terminate with 1 wire per pin as shown in drawing
below. Insulate with tape for 3 kV to next winding.

Primary B: (3 − 2) Same as primary A. Insulate for 1.5 kV to Vcc/Aux.

Vcc/Aux (5 − 6) 9 turns of #24HN spiral wound and centered with 8 mm
end margins. Insulate with tape and terminate
self−leads to pins.

1

2

5

6

10

9

11

7

30T

30T

9T

10T, 3 strands 24

8

6   5   4     3   2   1

7   8   9   10 11 12

12

3

Mesa Power Systems (Escondido,
CA) Part # 13−1408

Figure 8. Flyback Transformer Design
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GHIJ

− Datasheet NCP1652

− Application Note AND8124: 90 W, Universal Input,
Single Stage, PFC Converter

− Application Note AND8147: An Innovative Approach to
Achieving Single Stage PFC and Step−Down Conversion
for Distributive Systems

− Application Note AND8209: 90 W, Single Stage,
Notebook Adaptor

− Application Note AND8394: A 48 V, 2 A High Efficiency,
Single Stage, Isolated Power Factor Corrected Power
Supply for LED Drivers and Telecom Power

− Reference Design TND317: 90 W Notebook AC−DC
Adapter GreenPoint Reference Design
All the above documentation is available for download
from ON Semiconductor’s website (www.onsemi.com).
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