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Figure 1. HVAC System
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Figure 2. Automatic Recirculation System

Fresh Air
Inlet

Cabin :
Passengers
Consume
Fresh Air

Interior Fresh
Air Sensor

Actuator
Feedback

Recirculation Flap
Actuator

ECU

D
riv

erset

fb

������*G'-I�������6�7
KX�(Figure 2)Va-������7B�.F,
Cq'-5u��L��B�¦§7�mS#&'(
��GH+.F7>¨�yV'-���$4&5�
D$EF�GH������GHB�7.F'-%
{'(IJKh�B�7ÁÂ�IJKh�cK
Ã���7.F�5%{��6�7KX;$�"�
�	6m�t.F�&'(��+I�(�
�Ä),
)&'-5u��©¸ª«��.�(¬��N�
LM�V��®�N�G-<45+O�yV),C



TND416/D

http://onsemi.com
3

q'-\5�IJKh��F��*��*.��
7,PT�&'(¨����6�7KX,�Q'-
*.�6��,�®¯�GP���5�V&S#-
CO2���R<{�b-U�7Va&'(���6
/1���8�=45'7��Bk<��	�
Å6�²º�	j�����SA(4��¤�Æ�
J&'(5r��Å6�²º�	��ÇlÄ?�
A�� +[W,U���&'(�;+-!"t
��+��6�,=/���[;'-��,�,'
-���-@��;;�-�&r;$'(

)1�2�34567�	

�����6/1�	�� !"����3��
'���J���k<�ECU4��=/���G

P���S#&'(6/1��¯z��TUVO�
7K'-6���,I�'-��'(��7K�
,P�'-�����5�¤k<�¾O2&5�
��6/�	���,�a��DJ&'(-�5
+I���ÇlÄ?,��'-5u��6/1��
Èh,9�°±'-U�7k-���$;�²T
�.s>ÉO	6��=�1�7UU'(I�>
0�?��� !"���.s>ÉO,>¨���
8'-��3���³´�����Oj�0�.
s>ÉO	6��=�1�7µ&#&'(��
��6/1�	�� !"����������#
����&'(

���)1�2�34567�	�8�9�:;<=�<

6/1�	�� !"����HVAC>0�?4
�VhS#��&'(HVAC>0�?����¾�
�7ÁÂ�¶Ê;$��5HJ+A��+P��
&'(Ë�³°��y>0�?4���� !"
���
��j�Ä7
�+2/_���+P��
&'(�9��� !"��,·&���-���
�/0 1�W�N²sOi�E������FB
>0�?�n�53���QGR!"�GP��.
s>ÉO	�Oj'(S&¡&+0"7%Ì��
�-5u��� !"���
��j�Ä�¸X,
ÍÎ'N���Â7	��&'(Q��5P��
Ï¹��mS#-3������������/O
0,rs�����:��*���� !"���

��j�Ä,��F'-S&¡&+ �, Z�
�J&�5(��À��t;;�$W�M(���
_��Ðº7k<&'(���.s>ÉO	�Oj
�YÑ����3�����TK'(
ZX
�Ä,�S^'-��t�tH1��
�+
u�À['(�� !"����®¯��-�?
�»´7K'-�7�\��'-;$'�S$
�\6/1��=45����(���\}.s>É
O7>¨�|�S#-)\Q¼��Q�ÒP�ZX

�Ä7]�^RH'-��,:q-U�7k<
&'�
.s>ÉO����������lÓ�>ÉO	
Å6�²º�����A(�M	��Ô}½��£
Õ��+<&'(½�.s>ÉO��7yV'-&
��6/1��*��ÖoS#-6����(Ô}
½�M^�×Øe�JB�.F�ÒH���C�)�
;;�<+^��� !"���»��.s>ÉO
,rs'-U�7k<&'(�#��6��¸X�

t�� !"��7.s>ÉO,rs'-(�s�
��)��7�mS#-��,W��&'(D¾5�
�����$7E���°u-��7µ&#&'(
&5��� !"�����Ù�����GH+_
¿�AÀÁJ¶5P5%{t�q9���'-r
q�ÂÃ�7mu$#&'(���6/1��
�9��2`�.s>ÉO&5�¨�nE���
&'(5©�®¯,Æ�J-�����HVAC>
0�?,�A'-��,u}��&�¢H(¨�%
{���H®¯7I®��jk5+B�aS'-
%{��,��=/��J-GH�6�,[;'
-��,�Ä����6�7KX,�A�&'(5
r������jk5+I®®¯��1.0,�W;�
C·-Å�'(B��Ro�ÒP���7C�'
-��,u��K#-��Ë�³°�A(��5P
��6/1�����¬�@���¬�H¦�Ê�
20%�Ú(��°&<&'(
��¾��G<��� !"���:d5QGR
$�5-���%'-½�µ"��7yV�&'(
�&<���5��S#5.s>ÉO�¬4�
3����Oj���7�W#tÛFbW��p�
�@�(��5P�=45���'-£�+-��
7U�'(u�'-U��k-8��]����
 !"������ÒHEMCÆ«�ÇI��� !
"���E0��ECU4U��S#-=/���
E0��ECUÈ%(�V��E0��J-rq
�� !"��,�JF'-��'(
Ü���)*�+�^�;�HVAC6/1�	
�� !"��������u�����FS#5
���6/1�9'-%{��{������
��&'(



TND416/D

http://onsemi.com
4

>�?@9���)1�2AB

�����6/1�tÝu�HVAC��6/1�
,�;'5u�Ål!�>ÉO7��	��&'(
Ï����6/1�	�� !"��49'-
3���²T�QGR3��I���#��7�
+<&'(

C1 DEDC��	
�/>nJDC(BDC)3����4�87J�$�
3��k<�2��É��$�7ÖoS#��-
�J�·H�&'(3��Ê�4�$7,�<�}
-5u�EO�m�/,U��bW�BDC3��Ê
��87�:d5��)S#&'(87��¼½#
-��i_O�7n�5bW�0l��7BDC3�
��c�¤<nq$#��&'(3��7·H'-
����»O	�/>70/�=��87��
+
<� ��i_O��´d�&'(Ï�i_O�
���+-m��Ê��´4S#��&'(�57
P������/>�(�$�,Öo'-��3�
�4�5ËÌ7V&S#&'(BDC3���&'
��Q<���5-Þ+��'(=/��;$3
��É�&�V�t2Í��'(BDC3���
I��2ß'(Ô}½�2à��/Os0�,9
'-N�6�l1s�G<�á�B�'�,��
J&'(�����6/1��GH�.s>ÉO
	6��=�1�7mu$#-%{��.s>ÉO
	�Oj,5o'-U�7k<&'(S&¡&+�
Oj7	��&'7��tâe5�9S#��-
���ã�����Oj�.�O>É_��'(
���Oj(Ô}½�Figure 3���5.�O>É_
��),�*G'-ECU�V��´4'-%{��
$�5E����j�Ä�G-¸X7�>0�?	
E0��;+<���,äu&'(

Figure 3. Brushed DC Flap Actuator with Sensor
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Figure 4. Unipolar Stepper Flap Actuator
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Figure 5. Unipolar Stepper Flap Actuator
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Table 1. SUMMARY OF ACTUATOR TECHNOLOGIES

Actuator Characteristic Brush DC
Unipolar
Stepper

Bipolar
Stepper Comment

Wear-Out & Durability − ++ ++ No Brushes in Stepper

Audible Noise − + ++ Microstepping in Bipolar Stepper

EMC − + + Commutation Sparks in Brushed Motor

Holding Torque − ++ ++ Hold-current in Stepper

Sensorless Operation + ++ ++ BDC Requires Pulse-count if Sensorless

Cost of Control Circuit + ++ − Unipolar Requires only 4 Low-side Switches

Cost of Motor ++ − ++ Unipolar Stepper has 2× Cu vs. Bipolar

Number of Wires 2 to 5 5 4

Stall Detection ++ − ++ Recently Developed for Bipolar Stepper

High-speed Flap Closing ++ − ++ Recently Developed for Bipolar Stepper
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Figure 6. Bipolar Stepper Motor Driver IC (NCV70501) − Block Diagram
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�VW

HVAC{ n�����QGR��
(Heating, Ventilation and Air-Conditioning)

IAQ{ �4���"(Interior Air Quality)

IC{ ��·M(Integrated Circuit)

ECU{ $�I�`�1�(Electronic Control Unit)

UV{ �6�¸(Ultraviolet (light))

LED{ y¸¾�]�=(Light Emitting Diode)

BDC{ �/>nJ»73��
(Brush(ed) Direct Current (motor))

EMC{: $ËyÓ�(Electro-Magnetic Compatibility)

AC{ �7(Alternating Current)

BEMF{:q+$�(Back-Electro-Mechanical Force)

SPI{ >l��	�l6º/�	�O�6º�0
(Serial Peripheral Interface)

EXV{ -fg(Expansion Valve)

LP{ ��(Low Pressure)

HP{ ��(High Pressure)
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