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�,�P�S�O�H�P�H�Q�W�D�W�L�R�Q���	 ���3�H�U�I�R�U�P�D�Q�F�H���,�Q�Y�H�V�W�L�J�D�W�L�R�Q���R�I��

�'�L�F�R�G�H���3�3�0 ��

�R�Y�H�U���' �L�V�S�H�U�V�L�Y�H���2�S�W�L�F�D�O���&�K�D�Q�Q�H�O�V��

�5�R�P�D�Q�R�V�$�W�K�D�Q�D�V�L�R�X�&�K�D�U�L�W�R�S�R�X�O�R�V��

�$���W�K�H�V�L�V���V�X�E�P�L�W�W�H�G���W�R���W�K�H���8�Q�L�Y�H�U�V�L�W�\���R�I���+�X�G�G�H�U�V�I�L�H�O�G��

�L�Q���S�D�U�W�L�D�O���I�X�O�I�L�O�P�H�Q�W���R�I���W�K�H���U�H�T�X�L�U�H�P�H�Q�W�V���I�R�U��

�W�K�H���G�H�J�U�H�H���R�I���' �R�F�W�R�U���R�I���3�K�L�O�R�V�R�S�K�\��

�-�X�O�\����������



����

�$�E�V�W�U�D�F�W��

�7�K�L�V���Z�R�U�N���L�V���F�R�Q�F�H�U�Q�H�G���Z�L�W�K���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���D�Q�G���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���R�I���D���' �L�F�R�G�H���3�3�0��
���' �L�3�3�0 �����V�\�V�W�H�P����

�$���' �L�3�3�0 ���F�R�G�H�U���Z�D�V���G�H�Y�H�O�R�S�H�G���W�R���F�R�G�H���D�Q�\���L�Q�S�X�W���3�&�0���V�L�J�Q�D�O���L�Q�W�R���' �L�3�3�0���I�R�U�P�D�W�����$��
�I�X�U�W�K�H�U���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���W�R�R�N���S�O�D�F�H���R�Q���W�K�H���' �L�3�3�0 ���V�S�H�F�W�U�X�P���D�Q�G���D�V�V�R�F�L�D�W�H�G���R�X�W�S�X�W�����6�R�I�W�Z�D�U�H��
�V�L�P�X�O�D�W�L�R�Q���D�Q�G���P�D�W�K�H�P�D�W�L�F�D�O���D�Q�D�O�\�V�L�V���R�I���W�K�L�V���3�3�0 ���F�R�G�H���Z�D�V���F�R�Q�V�L�G�H�U�H�G���D�Q�G���F�R�P�S�D�U�L�V�R�Q��
�Z�L�W�K���S�U�H�Y�L�R�X�V���W�K�H�R�U�H�W�L�F�D�O���U�H�V�X�O�W�V���S�U�H�V�H�Q�W�H�G�����5�H�V�X�O�W�V���V�K�R�Z���W�K�D�W���' �L�3�3�0 ���L�V���D�Q���D�G�Y�D�Q�W�D�J�H�R�X�V��
�3�3�0���F�R�G�H���I�R�U���R�S�W�L�F���F�R�P�P�X�Q�L�F�D�W�L�R�Q�����'�L�3�3�0 ���V�S�H�F�W�U�X�P���L�V���Q�R�W���F�R�Q�F�H�Q�W�U�D�W�H�G���Q�H�D�U���W�R���' �&���D�Q�G��
�L�W���L�V���S�R�V�V�L�E�O�H���W�R���H�[�W�U�D�F�W���W�K�H���'�L�3�3�0 ���I�U�D�P�H���U�D�W�H���F�R�P�S�R�Q�H�Q�W���G�L�U�H�F�W�O�\���I�U�R�P���W�K�H���S�X�O�V�H���V�W�U�H�D�P����

�$�� �W�L�P�L�Q�J�� �H�[�W�U�D�F�W�L�R�Q�� �F�L�U�F�X�L�W�� �W�K�D�W�� �U�H�F�R�Y�H�U�V�� �W�K�H�� �F�O�R�F�N���I�U�R�P�� �D�� �' �L�3�3�0�� �V�H�T�X�H�Q�F�H�� �D�Q�G��
�V�\�Q�F�K�U�R�Q�L�V�H�V���W�K�H���V�O�R�W�V���Z�L�W�K�L�Q���W�K�H���I�U�D�P�H�V�����Z�D�V���F�R�Q�V�W�U�X�F�W�H�G���V�X�F�F�H�V�V�I�X�O�O�\�����7�K�L�V���H�Q�D�E�O�H�G��
�W�U�D�Q�V�P�L�V�V�L�R�Q���W�K�U�R�X�J�K���I�L�E�U�H���R�S�W�L�F�V���D�Q�G���)�U�H�H���6�S�D�F�H���2�S�W�L�F�V�����)�6�2�������7�K�H���W�H�F�K�Q�L�T�X�H���X�V�H�G���I�R�U��
�W�K�H���W�L�P�L�Q�J���H�[�W�U�D�F�W�L�R�Q���F�L�U�F�X�L�W���R�I���W�K�H���' �L�3�3�0 ���V�F�K�H�P�H���J�L�Y�H�V���D�Q���D�G�Y�D�Q�W�D�J�H���R�Y�H�U���P�D�Q�\���R�I���W�K�H��
�3�3�0���I�R�U�P�D�W�V����

�$�Q���R�S�W�L�F�D�O���W�U�D�Q�V�P�L�W�W�H�U���U�H�F�H�L�Y�H�U���V�\�V�W�H�P���Z�D�V���G�H�Y�H�O�R�S�H�G���D�Q�G���W�K�H���' �L�3�3�0 ���V�F�K�H�P�H���Z�D�V��
�L�Q�Y�H�V�W�L�J�D�W�H�G���W�K�U�R�X�J�K���R�S�W�L�F�D�O���F�K�D�Q�Q�H�O�V�����5�H�V�X�O�W�V���V�K�R�Z���W�K�D�W���W�K�H���' �L�3�3�0���V�H�T�X�H�Q�F�H���W�U�D�Q�V�I�H�U�U�H�G��
�W�K�U�R�X�J�K���W�K�H���R�S�W�L�F���V�\�V�W�H�P���Z�D�V���Q�R�W���F�K�D�Q�J�H�G���D�Q�G���W�K�H���F�O�R�F�N���K�D�G���E�H�H�Q���U�H�F�R�Y�H�U�H�G�����$���' �L�3�3�0��
�G�H�F�R�G�H�U���Z�D�V���F�R�Q�V�W�U�X�F�W�H�G���D�Q�G���W�K�H���U�H�F�H�L�Y�H�G���' �L�3�3�0 ���V�L�J�Q�D�O���U�H�W�X�U�Q�H�G���W�R���L�W�V���R�U�L�J�L�Q�D�O���3�&�0��
�I�R�U�P���Z�L�W�K�R�X�W���H�U�U�R�U�V����

�%�R�W�K���' �L�3�3�0 ���F�R�G�H�U���D�Q�G���G�H�F�R�G�H�U���Z�H�U�H���G�H�Y�H�O�R�S�H�G���L�Q���9�+�' �/ ���D�Q�G���P�H�D�V�X�U�H�P�H�Q�W�V���Z�H�U�H���W�D�N�H�Q����
�7�K�H���W�L�P�L�Q�J���H�[�W�U�D�F�W�L�R�Q���Z�D�V���S�U�R�J�U�D�P�P�H�G���L�Q���9�+�' �/���$�0 �6���Z�L�W�K���W�K�H���X�V�H���R�I���G�L�J�L�W�D�O�����D�Q�D�O�R�J�X�H��
�D�Q�G���P�D�W�K�H�P�D�W�L�F�D�O���H�T�X�D�W�L�R�Q�V����

�' �L�3�3�0 ���0�/ �6�' ���Z�D�V���D�O�V�R���F�R�Q�V�W�U�X�F�W�H�G���L�Q���9�+�' �/ �����6�L�P�X�O�D�W�L�R�Q���U�H�V�X�O�W�V���S�U�R�Y�H�G���W�K�H���W�K�H�R�U�H�W�L�F�D�O��
�H�[�S�H�F�W�D�W�L�R�Q�V��



����

�$�F�N�Q�R�Z�O�H�G�J�H�P�H�Q�W�V��

�7�K�H���D�X�W�K�R�U���Z�R�X�O�G���O�L�N�H���W�R���W�K�D�Q�N���O�H�F�W�X�U�H�U�V���D�Q�G���V�W�D�I�I���R�I���+�X�G�G�H�U�V�I�L�H�O�G���8�Q�L�Y�H�U�V�L�W�\���I�R�U���W�K�H�L�U��

�K�H�O�S���W�K�U�R�X�J�K�R�X�W���W�K�L�V���S�U�R�M�H�F�W�����L�Q���S�D�U�W�L�F�X�O�D�U����

�0 �\���D�F�D�G�H�P�L�F���V�X�S�H�U�Y�L�V�R�U���D�Q�G���P�H�Q�W�R�U���' �U�����0 ���-���1�����6�L�E�O�H�\���I�R�U���K�L�V���D�G�Y�L�F�H�����J�X�L�G�D�Q�F�H���D�Q�G��

�H�Q�F�R�X�U�D�J�H�P�H�Q�W���R�Y�H�U���W�K�H���G�X�U�D�W�L�R�Q���R�I���W�K�H���U�H�V�H�D�U�F�K���S�U�R�M�H�F�W����

�7�K�D�Q�N�V���P�X�V�W���D�O�V�R���J�R���W�R���P�\���D�F�D�G�H�P�L�F���V�X�S�H�U�Y�L�V�R�U���' �U�����3���-�����0 �D�W�K�H�U���I�R�U���K�L�V���D�G�Y�L�F�H���D�Q�G��

�D�V�V�L�V�W�D�Q�F�H���L�Q���W�K�H���F�R�G�L�Q�J���R�I�P�\���Z�R�U�N���L�Q�W�R���V�R�I�W�Z�D�U�H���S�U�R�J�U�D�P����

�,���D�O�V�R���Z�L�V�K���W�R���D�F�N�Q�R�Z�O�H�G�J�H���0 �U�����-�D�F�N���%�U�L�J�J�V���D�Q�G���0 �U�����' �D�Y�L�G���%�U�D�\���I�R�U���W�K�H�L�U���V�X�S�S�R�U�W���R�Q��

�W�H�F�K�Q�L�F�D�O���P�D�W�W�H�U�V���D�Q�G���0 �U�����' ���&�����$�Q�G�U�H�Z�V���D�Q�G���0�U�����$�Q�Y�H�U���' �D�G�K�L�Z�D�O�D���I�R�U���W�K�H�L�U���K�H�O�S���Z�L�W�K���W�K�H��

�V�R�I�W�Z�D�U�H����

�)�L�Q�D�O�O�\�����,���Z�R�X�O�G���O�L�N�H���W�R���W�K�D�Q�N���'�U�����,�D�Q���3�L�W�F�K�I�R�U�G���I�R�U���K�L�V���K�H�O�S���Z�L�W�K���D�G�P�L�Q�L�V�W�U�D�W�L�Y�H���P�D�W�W�H�U�V��



����

�* �O�R�V�V�D�U�\���R�I���6�\�P�E�R�O�V��

�6�\�P�E�R�O�� �' �H�I�L�Q�L�W�L�R�Q��

�$�� �$�P�S�O�L�W�X�G�H��

�%�G�: �� �%�D�Q�G�Z�L�G�W�K���R�I���W�K�H���S�U�H���D�P�S�O�L�I�L�H�U��

�&�� �&�D�S�D�F�L�W�R�U����

�F���&�� �&�R�O�O�H�F�W�R�U���H�P�L�W�W�H�U���F�D�S�D�F�L�W�D�Q�F�H��

�G���&�� �7�K�H���H�P�L�W�W�H�U���E�D�V�H���F�D�S�D�F�L�W�D�Q�F�H��

�I���&�� �&�D�S�D�F�L�W�D�Q�F�H���D�W���W�K�H���I�H�H�G�E�D�F�N���U�H�V�L�V�W�R�U��

�&�Q�� �7�K�H���D�P�S�O�L�W�X�G�H���V�S�H�F�W�U�X�P��

�' �L�3�3�0�S�U�E�V�� �' �L�3�3�0 ���3�5�%�6���V�H�T�X�H�Q�F�H��

�\���[���(�U�U�R�U������ �1�X�P�E�H�U���R�I���3�&�0 ���H�U�U�R�U�V���W�K�H���H�Y�H�Q�W���J�H�Q�H�U�D�W�H�V����

�I�� �)�U�H�T�X�H�Q�F�\ 

f �V�� �3�K�D�V�H���V�K�L�I�W��

�������W���K�� �3�R�Z�H�U�6�S�H�F�W�U�D�O���'�H�Q�V�L�W�\�����3�6�' �����R�I���D���3�&�0���V�H�T�X�H�Q�F�H����

���������'�L�3�3�0���W���K�� �3�R�Z�H�U���6�S�H�F�W�U�D�O���'�H�Q�V�L�W�\�����3�6�' �����R�I���D���' �L�3�3�0���V�H�T�X�H�Q�F�H����

�����. �� �7�K�H���9�&�2���F�R�Q�Y�H�U�V�D�W�L�R�Q���J�D�L�Q����

����
�����Q�� �7�K�H���P�H�D�Q���V�T�X�D�U�H���Q�R�L�V�H���R�I�W�K�H���U�H�F�H�L�Y�H�U�� 

( )���������� �W���Q�� �7�K�H���P�H�D�Q���V�T�X�D�U�H���U�H�F�H�L�Y�H�U���R�X�W�S�X�W���Q�R�L�V�H����

�H���3�� �(�T�X�L�Y�D�O�H�Q�W���3�&�0 ���H�U�U�R�U���S�U�R�E�D�E�L�O�L�W�\�����' �L�3�3�0 ���,�6�,������

�H�E���3�� �7�K�H���D�Y�H�U�D�J�H���E�L�Q�D�U�\���H�U�U�R�U���S�U�R�E�D�E�L�O�L�W�\��

�H�I�1���3�� �7�K�H���H�T�X�L�Y�D�O�H�Q�W���3�&�0���H�U�U�R�U���S�U�R�E�D�E�L�O�L�W�\�����' �L�3�3�0 ����



����

�H�U���3�� �7�K�H���3�&�0���H�U�U�R�U���S�U�R�E�D�E�L�O�L�W�\���I�R�U���H�U�D�V�X�U�H�V����

�H�U�'�L�3�3�0���3�� �7�K�H���3�&�0���H�U�U�R�U���S�U�R�E�D�E�L�O�L�W�\���I�R�U���H�U�D�V�X�U�H����

�7�V���H�I�5���3 - �� �7�K�H���H�T�X�L�Y�D�O�H�Q�W���3�&�0 ���H�U�U�R�U���S�U�R�E�D�E�L�O�L�W�\����

�I���3�� �7�K�H���S�U�R�E�D�E�L�O�L�W�\���R�I���D���I�D�O�V�H���D�O�D�U�P���H�U�U�R�U�� 

( )�������I�,�6�,���3�� �7�K�H���I�R�O�O�R�Z�L�Q�J���V�\�P�E�R�O���R�I���D�Q���6���V�O�R�W�� 

( )�������I�,�6�,���3�� �7�K�H���S�U�H�Y�L�R�X�V���V�\�P�E�R�O���R�I���D�Q���6���V�O�R�W����

�5���6���I�1���3�� �� ® �� �7�K�H���S�U�R�E�D�E�L�O�L�W�\���R�I���D���I�D�O�V�H���D�O�D�U�P���L�Q���H�L�W�K�H�U���W�K�H���6���R�U���5���V�O�R�W���R�I���D���E�O�D�Q�N��

�I�U�D�P�H��

�U���3�� �7�K�H���S�U�R�E�D�E�L�O�L�W�\���R�I���D�Q���H�U�D�V�X�U�H���H�U�U�R�U�����D�W���' �L�3�3�0 ���Z�L�W�K�R�X�W���,�6�,��

�V���3�� �7�K�H���S�U�R�E�D�E�L�O�L�W�\���R�I���D���S�X�O�V�H���D�S�S�H�D�U�L�Q�J���L�Q���W�K�H���S�U�H�F�H�G�L�Q�J���V�O�R�W�����Z�U�R�Q�J���V�O�R�W������

�W���3�� �7�K�H���S�U�R�E�D�E�L�O�L�W�\���R�I���I�D�O�V�H���D�O�D�U�P���H�U�U�R�U���L�Q���' �L�3�3�0����
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�S�U�R�F�H�V�V�H�V�����,�W���L�V���F�R�Q�V�L�G�H�U�H�G���W�K�D�W���D�Q�\���0 �/ �6�' ���F�R�Q�V�W�U�X�F�W�L�R�Q���Z�L�W�K���O�R�J�L�F���F�R�P�S�R�Q�H�Q�W�V��
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�������� �8�����V�H�W�K�D�N�D�H�V�W�� �D�Q�G�� �7���$���� �* �X�O�O�L�Y�H�U���� �µ�3�H�U�I�R�U�P�D�Q�F�H�� �R�I�� �G�L�I�I�H�U�H�Q�W�L�D�O�� �S�X�O�V�H���S�R�V�L�W�L�R�Q��

�P�R�G�X�O�D�W�L�R�Q�� ���' �3�3�0���� �Z�L�W�K�� �F�R�Q�F�D�W�H�Q�D�W�H�G�� �F�R�G�L�Q�J�� �R�Y�H�U�� �R�S�W�L�F�D�O�� �Z�L�U�H�O�H�V�V��
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�������� �=�����* �K�D�V�V�H�P�O�R�R�\�� �D�Q�G�� �$���5�����+�D�\�H�V���� �µ�' �L�J�L�W�D�O�� �S�X�O�V�H�� �L�Q�W�H�U�Y�D�O�� �P�R�G�X�O�D�W�L�R�Q�� �I�R�U�� �,�5��

�F�R�P�P�X�Q�L�F�D�W�L�R�Q���V�\�V�W�H�P�V���U�H�Y�L�H�Z�¶�����,�Q�W�����-�����&�R�P�P�X�Q�����6�\�V�W���������������������������S�S����������������������
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LM741
Operational Amplifier
General Description
The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their appli-
cation nearly foolproof: overload protection on the input and

output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C is identical to the LM741/LM741A except that
the LM741C has their performance guaranteed over a 0ûC to
+70ûC temperature range, instead of •55ûC to +125ûC.

Features

Connection Diagrams

Metal Can Package Dual-In-Line or S.O. Package

00934102

Note 1: LM741H is available per JM38510/10101

Order Number LM741H, LM741H/883 (Note 1),
LM741AH/883 or LM741CH

See NS Package Number H08C

00934103

Order Number LM741J, LM741J/883, LM741CN
See NS Package Number J08A, M08A or N08E

Ceramic Flatpak

00934106

Order Number LM741W/883
See NS Package Number W10A

Typical Application

Offset Nulling Circuit

00934107
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Absolute Maximum Ratings (Note 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Note 7)

LM741A LM741 LM741C

Supply Voltage ±22V ±22V ±18V

Power Dissipation (Note 3) 500 mW 500 mW 500 mW

Differential Input Voltage ±30V ±30V ±30V

Input Voltage (Note 4) ±15V ±15V ±15V

Output Short Circuit Duration Continuous Continuous Continuous

Operating Temperature Range •55ûC to +125ûC •55ûC to +125ûC 0ûC to +70ûC

Storage Temperature Range •65ûC to +150ûC •65ûC to +150ûC •65ûC to +150ûC

Junction Temperature 150ûC 150ûC 100ûC

Soldering Information

N-Package (10 seconds) 260ûC 260ûC 260ûC

J- or H-Package (10 seconds) 300ûC 300ûC 300ûC

M-Package

Vapor Phase (60 seconds) 215ûC 215ûC 215ûC

Infrared (15 seconds) 215ûC 215ûC 215ûC

See AN-450 ÒSurface Mounting Methods and Their Effect on Product ReliabilityÓ for other methods of
soldering

surface mount devices.

ESD Tolerance (Note 8) 400V 400V 400V

Electrical Characteristics (Note 5)

Parameter Conditions LM741A LM741 LM741C Units

Min Typ Max Min Typ Max Min Typ Max

Input Offset Voltage TA = 25ûC

RS � 10 k� 1.0 5.0 2.0 6.0 mV

RS � 50� 0.8 3.0 mV

TAMIN � TA � TAMAX

RS � 50� 4.0 mV

RS � 10 k� 6.0 7.5 mV

Average Input Offset 15 µV/ûC

Voltage Drift

Input Offset Voltage TA = 25ûC, VS = ±20V ±10 ±15 ±15 mV

Adjustment Range

Input Offset Current TA = 25ûC 3.0 30 20 200 20 200 nA

TAMIN � TA � TAMAX 70 85 500 300 nA

Average Input Offset 0.5 nA/ûC

Current Drift

Input Bias Current TA = 25ûC 30 80 80 500 80 500 nA

TAMIN � TA � TAMAX 0.210 1.5 0.8 µA

Input Resistance TA = 25ûC, VS = ±20V 1.0 6.0 0.3 2.0 0.3 2.0 M�

TAMIN � TA � TAMAX, 0.5 M�

VS = ±20V

Input Voltage Range TA = 25ûC ±12 ±13 V

TAMIN � TA � TAMAX ±12 ±13 V

LM
74
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Electrical Characteristics (Note 5) (Continued)

Parameter Conditions LM741A LM741 LM741C Units

Min Typ Max Min Typ Max Min Typ Max

Large Signal Voltage Gain TA = 25ûC, RL � 2 k�

VS = ±20V, VO = ±15V 50 V/mV

VS = ±15V, VO = ±10V 50 200 20 200 V/mV

TAMIN � TA � TAMAX,

RL � 2 k� ,

VS = ±20V, VO = ±15V 32 V/mV

VS = ±15V, VO = ±10V 25 15 V/mV

VS = ±5V, VO = ±2V 10 V/mV

Output Voltage Swing VS = ±20V

RL � 10 k� ±16 V

RL � 2 k� ±15 V

VS = ±15V

RL � 10 k� ±12 ±14 ±12 ±14 V

RL � 2 k� ±10 ±13 ±10 ±13 V

Output Short Circuit TA = 25ûC 10 25 35 25 25 mA

Current TAMIN � TA � TAMAX 10 40 mA

Common-Mode TAMIN � TA � TAMAX

Rejection Ratio RS � 10 k� , VCM = ±12V 70 90 70 90 dB

RS � 50� , VCM = ±12V 80 95 dB

Supply Voltage Rejection TAMIN � TA � TAMAX,

Ratio VS = ±20V to VS = ±5V

RS � 50� 86 96 dB

RS � 10 k� 77 96 77 96 dB

Transient Response TA = 25ûC, Unity Gain

Rise Time 0.25 0.8 0.3 0.3 µs

Overshoot 6.0 20 5 5 %

Bandwidth (Note 6) TA = 25ûC 0.437 1.5 MHz

Slew Rate TA = 25ûC, Unity Gain 0.3 0.7 0.5 0.5 V/µs

Supply Current TA = 25ûC 1.7 2.8 1.7 2.8 mA

Power Consumption TA = 25ûC

VS = ±20V 80 150 mW

VS = ±15V 50 85 50 85 mW

LM741A VS = ±20V

TA = TAMIN 165 mW

TA = TAMAX 135 mW

LM741 VS = ±15V

TA = TAMIN 60 100 mW

TA = TAMAX 45 75 mW

Note 2: ÒAbsolute Maximum RatingsÓ indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

LM
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Electrical Characteristics (Note 5) (Continued)
Note 3: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under ÒAbsolute Maximum
RatingsÓ). Tj = TA + (� jA PD).

Thermal Resistance Cerdip (J) DIP (N) HO8 (H) SO-8 (M)

� jA (Junction to Ambient) 100ûC/W 100ûC/W 170ûC/W 195ûC/W

� jC (Junction to Case) N/A N/A 25ûC/W N/A

Note 4: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage.

Note 5: Unless otherwise specified, these specifications apply for VS = ±15V, •55ûC � TA � +125ûC (LM741/LM741A). For the LM741C/LM741E, these
specifications are limited to 0ûC� TA � +70ûC.

Note 6: Calculated value from: BW (MHz) = 0.35/Rise Time(µs).

Note 7: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.

Note 8: Human body model, 1.5 k� in series with 100 pF.

Schematic Diagram

00934101

LM
74

1

www.national.com 4



Physical Dimensions inches (millimeters)
unless otherwise noted

Metal Can Package (H)
Order Number LM741H, LM741H/883, LM741AH/883, LM741AH-MIL or LM741CH

NS Package Number H08C

LM
741
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

Ceramic Dual-In-Line Package (J)
Order Number LM741J/883
NS Package Number J08A

Dual-In-Line Package (N)
Order Number LM741CN

NS Package Number N08E

LM
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

10-Lead Ceramic Flatpak (W)
Order Number LM741W/883, LM741WG-MPR or LM741WG/883

NS Package Number W10A

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONALÕS PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body, or
(b) support or sustain life, and whose failure to perform when
properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to result
in a significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or
system, or to affect its safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products Stewardship
Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain no ÔÔBanned
SubstancesÕÕ as defined in CSP-9-111S2.

National Semiconductor
Americas Customer
Support Center
Email: new.feedback@nsc.com
Tel: 1-800-272-9959

National Semiconductor
Europe Customer Support Center

Fax: +49 (0) 180-530 85 86
Email: europe.support@nsc.com

Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Fran•ais Tel: +33 (0) 1 41 91 8790

National Semiconductor
Asia Pacific Customer
Support Center
Email: ap.support@nsc.com

National Semiconductor
Japan Customer Support Center
Fax: 81-3-5639-7507
Email: jpn.feedback@nsc.com
Tel: 81-3-5639-7560

www.national.com
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General Description
The MAX2605ÐMAX2609 evaluation kits (EV kits) simplify
evaluation of this family of voltage-controlled oscillators
(VCOs). These kits enable testing of the devicesÕ per-
formance and require no additional support circuitry.
Both signal outputs use SMA connectors to facilitate
connection to RF test equipment.

These EV kits are fully assembled and tested. Their oscil-
lation frequencies are set to approximately the midrange
of the respective VCOs.

Features
� Easy Evaluation

� Complete, Tunable VCO Test Board with Tank
Circuit

� Low Phase Noise

� Fully Assembled and Tested

E
valuate: M

A
X

2605Ð
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MAX2605ÐMAX2609 Evaluation Kits

________________________________________________________________ Maxim Integrated Products 1

19-1673 Rev 0; 9/00

PART

MAX2605EVKIT

MAX2606EVKIT -40¡C to +85¡C

-40¡C to +85¡C

TEMP. RANGE IC PACKAGE

6 SOT23-6

6 SOT23-6

Ordering Information

MAX2607EVKIT

MAX2608EVKIT -40¡C to +85¡C

-40¡C to +85¡C 6 SOT23-6

6 SOT23-6

SUPPLIER PHONE FAX

AVX 803-946-0690 803-626-3123

Coilcraft 847-639-6400 847-639-1469

EFJohnson 402-474-4800 402-474-4858

WEBSITE

avx-corp.com

coilcraft.com

efjohnson.com

Component Suppliers

MAX2609EVKIT -40¡C to +85¡C 6 SOT23-6
Murata 814-237-1431 814-238-0490 murata.com

For free samples and the latest literature, visit www.maxim-ic.com or phone 1-800-998-8800.
For small orders, phone 1-800-835-8769.

D ESIG N A T IO N QTY DESCRIPTION

C1, C4 2

1000pF � 5% ceramic capacitors
(0603)
Murata GRM39COH102J025A or
AVX 06035A102JAT2A

C2, C3 2
12pF � 5% ceramic capacitors
(0603)
Murata GRM39COG120J050A

C5 1
10� F � 10%, 16V  tantalum  cap aci tor
AVX TAJC106K016

R1 1 270�  � 5% resistor (0603)

R2, R3 2 Not installed

R4 1 10�  � 5% resistor (0603)

L1, L2 2 Not installed

L4, L5 2
680nH inductors
Coilcraft 1008CS-681XJBC

L3 1
1.2� H inductor
Coilcraft 1206CS-122XJBC

U1 1 MAX2605EUT

J1, J2 2
SMA connectors (edge mount)
EFJohnson 142-0701-801 or
Digi-Key J502-ND

VCC,GND,
TUNE

6
Test points
Digi-Key 5000K-ND

None 1 MAX2605/6/7 EV kit circuit board

None 1 MAX2605ÐMAX2609 data sheet

MAX2606 Component List
D ESIGNA T ION QTY DESCRIPTION

C1, C4 2

1000pF � 5% ceramic capacitors
(0603)
Murata GRM39COH102J025A or
AVX 06035A102JAT2A

C2, C3 2
4.7pF � 0.25% ceramic
capacitors (0603)
Murata GRM39COG4R7C050A

C5 1
10� F � 10%, 16V  tantalum  cap aci tor
AVX TAJC106K016

R1 1 270�  � 5% resistor (0603)

R2, R3 2 Not installed

R4 1 10�  � 5% resistor (0603)

L1, L2 2 Not installed

L3 1
270nH � 2% inductor
Coilcraft 1008CS-271XJBC

L4, L5 2
330nH inductor
Coilcraft 1008CS-331XJBC

U1 1 MAX2606EUT

J1, J2 2
SMA connectors (edge mount)
EFJohnson 142-0701-801 or
Digi-Key J502-ND

VCC,GND,
TUNE

6 Test points

None 1 MAX2605/6/7 EV kit circuit board

None 1 MAX2605ÐMAX2609 data sheet

MAX2605 Component List
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Quick Start
The MAX2605ÐMAX2609 evaluation kits are fully
assembled and factory tested. Follow the instructions in
the Connections and Setup section for proper device
evaluation.

Test Equipment Required
¥ Low-noise power supplies (these are recommended

for oscillator noise measurement). Noise or ripple will
frequency-modulate the oscillator and cause spectral
spreading. Batteries can be used in place of power
supplies, if necessary.

Ð Use a DC power supply capable of supplying
+2.7V to +5.5V. Alternatively, use two or three 1.5V
batteries.

Ð Use a DC power supply capable of supplying
+0.4V to +2.4V, continuously variable, for TUNE.
Alternatively, use two 1.5V batteries with a resistive
voltage divider or potentiometer.

¥ An RF spectrum analyzer that covers the operating
frequency range of the MAX2605ÐMAX2609

¥ A 50� coaxial cable with SMA connectors

¥ An ammeter (optional)

Connections and Setup
1) Connect a DC supply (preset to +3V) to the V CC and

GND terminals (through an ammeter, if desired) on
the EV kit.

2) Turn on the DC supply. If used, the ammeter reading

MAX2607 Component List
D ESIG N A T IO N QTY DESCRIPTION

C1, C4 2

1000pF � 5% ceramic capacitors
(0603)
Murata GRM39COH102J025A or
AVX 06035A102JAT2A

C2, C3 2
3pF � 0.25% ceramic capacitors
(0603)
Murata GRM39COG030C050A

C5 1
10� F � 10%, 16V  tantalum  cap aci tor
AVX TAJC106K016

R1 1 270�  � 5% resistor (0603)

R2, R3 2 Not installed

R4 1 10�  � 5% resistor (0603)

L1, L2 2 Not installed

L3 1
68nH � 2% inductor
Coilcraft 1008CS-680XJBC

L4, L5 2
120nH inductors
Coilcraft 1008CS-121XJBC

U1 1 MAX2607EUT

J1, J2 2
SMA connectors (edge mount)
EFJohnson 142-0701-801 or
Digi-Key J502-ND

VCC,GND,
TUNE

6 Test points

None 1 MAX2605/6/7 EV kit circuit board

None 1 MAX2605ÐMAX2609 data sheet

MAX2608 Component List
D ESIG N A T IO N QTY DESCRIPTION

C1 1

1000pF � 5% ceramic capacitor
(0603)
Murata GRM39COH102J025A or
AVX 06035A102JAT2A

C2, C3 2
1pF � 0.25% ceramic capacitors
(0603)
Murata GRM39COG010C050A

C4, C6 2
100pF � 5% ceramic capacitors
(0603)
Murata GRM39COG101J050A

C5 1
10� F � 10%, 16V  tantalum  cap aci tor
AVX TAJC106K016

R1 1 270�  � 5% resistor (0603)

R2, R3 2 Not installed

R4 1 10�  � 5% resistor (0603)

L1 1
22nH � 2% inductor
Coilcraft 0805CS-220XGBC

L4, L5 2
68nH � 2% inductors
Coilcraft 0805CS-680XJBC

U1 1 MAX2608EUT

J1, J2 2
SMA connectors (edge mount)
EFJohnson 142-0701-801 or
Digi-Key J502-ND

VCC,GND,
TUNE

6
Test points
Digi-Key 5000K-ND

None 1 MAX2608/9 EV kit circuit board

None 1 MAX2605ÐMAX2609 data sheet
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approximates the typical operating current specified
in the MAX2605ÐMAX2609 data sheet.

3) Connect the VCO output (OUT+ or OUT-) to a spec-
trum analyzer with a 50� coaxial cable.

4) Apply a positive variable DC voltage between 0.4V
and 2.4V to TUNE.

5) Check the tuning bandwidth on the spectrum analyz-
er by varying the tuning voltage (+0.4V to +2.4V).

Layout Considerations
The EV kit PC board can serve as a guide for laying out
a board using the MAX2605ÐMAX2609. Generally, the
VCC pin on the PC board should have a decoupling
capacitor placed close to the IC. This minimizes noise

coupling from the supply. Also, place the VCO as far
away as possible from the noisy section of a larger sys-
tem, such as a switching regulator or digital circuits.

The VCOÕs performance is strongly dependent on the
availability of the external tuning inductor. For best per-
formance, use high-Q components and choose their val-
ues carefully. To minimize the effects of parasitic ele-
ments, which degrade circuit performance, place the
tuning inductor and C BYP close to the VCO. For higher-
frequency versions, include the parasitic PC board
inductance and capacitance when calculating the
oscillation frequency. In addition, remove the ground
plane around and under the tuning inductor to minimize
the effect of parasitic capacitance. 

Noise on TUNE translates into FM noise on the outputs;
therefore, keep the trace between TUNE and the control
circuitry as short as possible. If necessary, use an RC
filter to further suppress noise, as done on the EV kits.

MAX2609 Component List
D ESIG N A T IO N QTY DESCRIPTION

C1 1

1000pF � 5% ceramic capacitors
(0603)
Murata GRM39COH102J025A or
AVX 06035A102JAT2A

C2, C3 2
1pF � 0.25% ceramic capacitors
(0603)
Murata GRM39COG010C050A

C4, C6 2
100pF � 5% ceramic capacitors
(0603)
Murata GRM39COG101J050A

C5 1
10� F � 10%, 16V  tantalum  cap aci tor
AVX TAJC106K016

R1 1 270�  � 5% resistor (0603)

R2, R3 2 Not installed

R4 1 10�  � 5% resistor (0603)

L1 1
8.2nH � 2% inductor
Coilcraft 0805CS-080XGBC

L4, L5 2
27nH � 2% inductors
Coilcraft 0805CS-270XJBC

U1 1 MAX2609EUT

J1, J2 2
SMA connectors (edge mount)
EFJohnson 142-0701-801 or
Digi-Key J502-ND

VCC,GND,
TUNE

6
Test points
Digi-Key 5000K-ND

None 1 MAX2608/9 EV kit circuit board

None 1 MAX2605ÐMAX2609 data sheet
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Figure 2. MAX2608/MAX2609 EV Kits Schematic
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Figure 1. MAX2605/MAX2606/MAX2607 EV Kits Schematic
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Figure 3. MAX2605/MAX2606/MAX2607 EV Kits Component
Placement GuideÑTop Silk Screen

1.0"

Figure 4. MAX2608/MAX2609 EV Kits Component Placement
GuideÑTop Silk Screen

1.0"

Figure 5. MAX2605/MAX2606/MAX2607 EV Kits PC Board
LayoutÑComponent Side

1.0"

Figure 6. MAX2608/MAX2609 EV Kits PC Board LayoutÑ
Component Side

1.0"
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For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.
For small orders, phone 1-800-835-8769.

General Description
The MAX4104/MAX4105/MAX4304/MAX4305 op amps
feature ultra-high speed, low noise, and low distortion in
a SOT23 package. The unity-gain-stable MAX4104
requires only 20mA of supply current while delivering
625MHz bandwidth and 400V/µs slew rate. The
MAX4304, compensated for gains of +2V/V or greater,
delivers a 730MHz bandwidth and a 1000V/µs slew
rate. The MAX4105 is compensated for a minimum gain
of +5V/V and delivers a 410MHz bandwidth and a
1400V/sec slew rate. The MAX4305 has +10V/V mini-
mum gain compensation and delivers a 340MHz band-
width and a 1400V/µs slew rate.

Low voltage noise density of 2.1nV/ÃHz and -88dBc
spurious-free dynamic range make these devices ideal
for low-noise/low-distortion video and telecommunica-
tions applications. These op amps also feature a wide
output voltage swing of ±3.7V and ±70mA output current-
drive capability. For space-critical applications, they
are available in a miniature 5-pin SOT23 package.

________________________Applications
Video ADC Preamp

Pulse/RF Telecom Applications

Video Buffers and Cable Drivers

Ultrasound

Active Filters

ADC Input Buffers

Features
© Low 2.1nV/ ÃHz Voltage Noise Density

© Ultra-High 740MHz -3dB Bandwidth (MAX4304,
AVCL = 2V/V)

© 100MHz 0.1dB Gain Flatness (MAX4104/4105)

© 1400V/µs Slew Rate (MAX4105/4305)

© -88dBc SFDR (5MHz, R L = 100½) (MAX4104/4304)

© High Output Current Drive: ±70mA

© Low Differential Gain/Phase Error: 0.01%/0.01¡
(MAX4104/4304)

© Low ±1mV Input Offset Voltage

© Available in Space-Saving 5-Pin SOT23 Package

M
A

X
4104/M

A
X

4105/M
A

X
4304/M

A
X

4305

740MHz, Low-Noise, Low-Distortion 
Op Amps in SOT23-5

________________________________________________________________ Maxim Integrated Products 1

MAX4304

8 to 16-BIT
HIGH-SPEED

ADC

INPUT

330W

ADC BUFFER WITH GAIN (AVCL = 2V/V)

330W

Typical Application Circuit

19-4757; Rev 3; 10/98

PART

MAX4104ESA

MAX4104EUK-T -40¡C to +85¡C

-40¡C to +85¡C

TEMP. RANGE
PIN-

PACKAGE

8 SO

5 SOT23-5

EVALUATION KIT MANUAL

FOLLOWS DATA SHEET

Ordering Information

Selector Guide

SOT
TOP MARK

Ñ

ACCO

PART

MAX4104

MAX4304

MAX4105 5

2

1

MINIMUM
STABLE

GAIN (V/V)

BANDWIDTH
(MHz)

625

740

410

MAX4305 10 340

PIN-PACKAGE

5-pin SOT23, 8-pin SO

5-pin SOT23, 8-pin SO

5-pin SOT23, 8-pin SO

5-pin SOT23, 8-pin SO

VEE

IN-IN+

1 5 VCCOUT 

SOT23-5

2

3 4

MAX4104
MAX4105
MAX4304
MAX4305

TOP VIEW

Pin Configurations

Pin Configurations continued at end of data sheet.

Ordering Information continued at end of data sheet.



M
A

X
41

04
/M

A
X

41
05

/M
A

X
43

04
/M

A
X

43
05

740MHz, Low-Noise, Low-Distor tion 
Op Amps in SOT23-5

2 _______________________________________________________________________________________

ABSOLUTE MAXIMUM RATINGS

DC ELECTRICAL CHARACTERISTICS
(VCC = +5V, VEE = -5V, VCM = 0, RL = 100k½, TA = TMIN to TMAX, unless otherwise noted. Typical values are at TA = +25 ¡C.)

Stresses beyond those listed under ÒAbsolute Maximum RatingsÓ may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specificatio ns is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

Supply Voltage (VCC to VEE)................................................+12V
Voltage on Any Pin to Ground..........(VEE - 0.3V) to (VCC + 0.3V)
Short-Circuit Duration (VOUT to GND)........................Continuous
Continuous Power Dissipation (TA = +70 ¡C)

5-pin SOT23 (derate 7.1mW/¡C above +70¡C)...........571mW
8-pin SO (derate 5.9mW/¡C above +70¡C).................471mW

Operating Temperature Range ...........................-40¡C to +85¡C
Storage Temperature Range .............................-65¡C to +150¡C
Lead Temperature (soldering, 10sec) .............................+300¡C

VOUT = 0

RL = short to ground

Guaranteed by PSRR test

RL = 30½

RL = 100k½

VCC = 3.5V to 5.5V

-2.8V ² VCM ² 4.1V

-2.8V ² VOUT ² 2.8V, RL = 100½

VOUT = 0

Guaranteed by CMRR test

Either input

-0.8V ² VIN ² 0.8V

VEE = -3.5V to -5.5V

CONDITIONS

½9ZOUTOpen-Loop Output Impedance

mA80ISCShort-Circuit Output Current

mA±53 ±70IOUTOutput Current Drive

±3.0 -3.5 to +3.4
V

±3.5 -3.7 to +3.8
VOUTOutput Voltage Swing

dB55 65AVOLOpen-Loop Gain

mA20 27ISQuiescent Supply Current

dB55 65PSRR-
Negative Power-Supply
Rejection Ratio

mV
1 6

VOS

V±3.5 ±5 ±5.5VCC/VEE
Operating Supply Voltage
Range

dB75 85PSSR+
Positive Power-Supply Rejection
Ratio

dB80 95CMRRCommon-Mode Rejection Ratio

V-2.8 +4.1VCM
Input Common-Mode Voltage
Range

M½1.5RIN
Common-Mode Input
Resistance

1 8

µV/¡CTCVOSInput Offset-Voltage Drift

µA32 70IB

k½6RINDifferential Input Resistance

UNITSMIN TYP MAXSYMBOLPARAMETER

Input Offset Voltage

Input Bias Current 

MAX4_0_EUK

2.5

MAX4_0_ESA

Input Offset Current µA0.5 5.0IOS

RL = 100½
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AC ELECTRICAL CHARACTERISTICS
(VCC = +5V, VEE = -5V, VCM = 0, RL = 100½; AV = +1V/V for MAX4104, +2V/V for MAX4304, +5V/V for MAX4105, +10V/V for MAX4305;
TA = +25 ¡C; unless otherwise noted.)

CONDITIONS

MHz

625

BW(-3dB)-3dB Bandwidth

UNITSMIN TYP MAXSYMBOLPARAMETER

20
VOUT = 2Vp-p

f = 1MHz

f = 10MHz

f = 1MHz

½1ZOUTOutput Impedance

pA/ÃHz3.1inInput Current Noise Density

nV/ÃHz2.1enInput Voltage Noise Density

nstSSettling Time to 0.1%

%
0.01

DGDifferential Gain Error

VOUT = 100mVp-p

MAX4104

MAX4304

MAX4105

MAX4305 340

410

740

MAX4305

MHz

100

BW(0.1)0.1dB Bandwidth

MAX4104

VOUT = 100mVp-p
MAX4304

MAX4105

70

80

60

MAX4305

MHz

115

FPBWFull-Power Bandwidth

MAX4104

VOUT = 2Vp-p
MAX4304

MAX4105

320

370

285

MAX4305

V/µs

400

SRSlew Rate

MAX4104

VOUT = 2Vp-p
MAX4304

MAX4105

1400

1400

1000

to 0.1%

25to 0.01%

-88

VOUT= 2Vp-p

fC = 5MHz

-67fC = 20MHz
dBcSFDR

Spurious-Free 
Dynamic Range -74fC = 5MHz

-61fC = 20MHz

MAX4104/
MAX4304

MAX4105/
MAX4305

MAX4104/MAX4304
NTSC, RL = 150½

MAX4105/MAX4305 0.02

MAX4105/MAX4305

MAX4104/MAX4304
NTSC, RL = 150½ degrees

0.02

0.01
DPDifferential Phase Error
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__________________________________________Typical Operating Characteristics
(VCC = +5V, VEE = -5V, RF = 330½, RL = 100½, TA = +25 ¡C, unless otherwise noted.)
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Typical Operating Characteristics (continued)
(VCC = +5V, VEE = -5V, RF = 330½, RL = 100½, TA = +25 ¡C, unless otherwise noted.)
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Typical Operating Characteristics (continued)
(VCC = +5V, VEE = -5V, RF = 330½, RL = 100½, TA = +25 ¡C, unless otherwise noted.)
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Typical Operating Characteristics (continued)
(VCC = +5V, VEE = -5V, RF = 330½, RL = 100½, TA = +25 ¡C, unless otherwise noted.)



M
A

X
41

04
/M

A
X

41
05

/M
A

X
43

04
/M

A
X

43
05

740MHz, Low-Noise, Low-Distor tion 
Op Amps in SOT23-5

8 _______________________________________________________________________________________

Typical Operating Characteristics (continued)
(VCC = +5V, VEE = -5V, RF = 330½, RL = 100½, TA = +25 ¡C, unless otherwise noted.)
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_______________Detailed Description
The MAX4104/MAX4105/MAX4304/MAX4305 are ultra-
high-speed, low-noise amplifiers featuring -3dB band -
widths up to 880MHz, 0.1dB gain flatness up to
100MHz, and low differential gain and phase errors of
0.01% and 0.01¡, respectively. These devices operate
on dual power supplies ranging from ±3.5V to ±5.5V
and require only 20mA of supply current. 

The MAX4104/MAX4304/MAX4105/MAX4305 are opti-
mized for minimum closed-loop gains of +1V/V, +2V/V,
+5V/V and +10V/V (respectively) with corresponding 
-3dB bandwidths of 880MHz, 730MHz, 430MHz, and
350MHz. Each device in this family features a low input
voltage noise density of only 2.1nV/ÃHz (at 1MHz), an
output current drive of ±70mA, and spurious-free
dynamic range as low as -88dBc (5MHz, R L = 100½). 

___________Applications Infor mation
Layout and Power-Supply Bypassing

The MAX4104/MAX4105/MAX4304/MAX4305 have an
extremely high bandwidth, and consequently require
careful board layout, including the possible use of 
constant-impedance microstrip or stripline techniques.

To realize the full AC performance of these high-speed
amplifiers, pay careful attention to power-supply
bypassing and board layout. The PC board should
have at least two layers:  a signal and power layer on
one side, and a large, low-impedance ground plane on
the other side. The ground plane should be as free of
voids as possible. With multilayer boards, locate the
ground plane on a layer that incorporates no signal or
power traces. 

Regardless of whether or not a constant-impedance
board is used, it is best to observe the following guide -
lines when designing the board:

1) Do not use wire-wrapped boards (they are much too
inductive) or breadboards (they are much too
capacitive).

2) Do not use IC sockets. IC sockets increase reac -
tances.

3) Keep signal lines as short and straight as possible.
Do not make 90¡ turns; round all corners.

4) Observe high-frequency bypassing techniques to
maintain the amplifierÕs accuracy and stability. 

5) Bear in mind that, in general, surface-mount compo -
nents have shorter bodies and lower parasitic reac -
tance, resulting in greatly improved high-frequency
performance over through-hole components.

The bypass capacitors should include 1nF and 0.1 µF
ceramic surface-mount capacitors between each sup -
ply pin and the ground plane, located as close to the
package as possible. Optionally, place a 10 µF tantalum
capacitor at the power supply pinsÕ point of entry to the
PC board to ensure the integrity of incoming supplies.
The power-supply trace should lead directly from the
tantalum capacitor to the VCC and VEE pins. To mini-
mize parasitic inductance, keep PC traces short and
use surface-mount components.

Input termination resistors and output back-termination
resistors, if used, should be surface-mount types, and
should be placed as close to the IC pins as possible. 

DC and Noise Errors
The MAX4104/MAX4105/MAX4304/MAX4305 output
offset voltage, VOUT (Figure 1), can be calculated with
the following equation:

VOUT = [VOS + (IB+ x RS) + (IB- x (RF || RG))] [1 + RF / RG]

where:

VOS = input offset voltage (in volts)
1 + RF/RG = amplifier closed-loop gain (dimensionless)
IB+ = noninverting input bias current (in amps)
IB- = inverting input bias current (in amps)
RG = gain-setting resistor (in ohms)
RF = feedback resistor (in ohms)
RS = source resistor at noninverting input (in ohms)

The following equation represents output noise density:
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_____________________Pin Description

SOT23-5 SO

OUT

VCC

VEE

IN+

IN-

N.C.

NAME

Amplifier Output61

Positive Power Supply75

Negative Power Supply 42

Amplifier Noninverting
Input

33

Amplifier Inverting Input24

Not internally connected.1, 5, 8Ñ

FUNCTION
PIN
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/M
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X
43

04
/M

A
X

43
05

where:

in = input current noise density (in pA/ ÃHz)
en = input voltage noise density (in nV/ ÃHz)

The MAX4104/MAX4105/MAX4304/MAX4305 have a
very low, 2.1nV/ÃHz input voltage noise density and
3.1pA/ÃHz input current noise density.

An example of DC-error calculations, using the
MAX4304 typical data and the typical operating circuit
with RF = RG = 330½ (RF || RG = 165½) and RS = 50½
gives:

Calculating total output noise in a similar manner yields
the following:

With a 200MHz system bandwidth, this calculates to
60.8µVRMS (approximately 365 µVp-p, using the six-
sigma calculation). 

ADC Input Buffers
Input buffer amplifiers can be a source of significant
error in high-speed ADC applications. The input buffer
is usually required to rapidly charge and discharge the
ADCÕs input, which is often capacitive. In addition, the
input impedance of a high-speed ADC often changes

very rapidly during the conversion cycleÑa condition
that demands an amplifier with very low output imped -
ance at high frequencies to maintain measurement
accuracy. The combination of high-speed, fast slew
rate, low noise, and low-distortion available in the
MAX4104/MAX4105/MAX4304/MAX4305 makes them
ideally suited for use as buffer amplifiers in high-speed
ADC applications.

Video Line Driver 
The MAX4104/MAX4105/MAX4304/MAX4305 are opti-
mized to drive coaxial transmission lines when the
cable is terminated at both ends, as shown in Figure 2.
To minimize reflections and maximize power transfer,
select the termination resistors to match the character -
istic impedance of the transmission line. Cable frequen -
cy response can cause variations in the flatness of the
signal.

Driving Capacitive Loads
The MAX4104/MAX4105/MAX4304/MAX4305 provide
maximum AC performance when driving no output load
capacitance. This is the case when driving a correctly
terminated transmission line (i.e., a back-terminated
cable).

In most amplifier circuits, driving a large load capaci -
tance increases the chance of oscillations occurring.
The amplifierÕs output impedance and the load capaci-
tor combine to add a pole and excess phase to the
loop response. If the poleÕs frequency is low enough
and phase margin is degraded sufficiently, oscillations
may result.

A second concern when driving capacitive loads origi -
nates from the amplifierÕs output impedance, which
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appears inductive at high frequencies. This inductance
forms an L-C resonant circuit with the capacitive load,
which causes peaking in the frequency response and
degrades the amplifierÕs phase margin.

The MAX4104/MAX4105/MAX4304/MAX4305 drive
capacitive loads up to 10pF without oscil lation.
However, some peaking may occur in the frequency
domain (Figure 3). To drive larger capacitance loads or
to reduce ringing, add an isolation resistor between the
amplifierÕs output and the load (Figure 4).

The value of RISO depends on the circuitÕs gain and the
capacit ive load (Figure 5). Figure 6 shows the
MAX4104/MAX4105/MAX4304/MAX4305 frequency
response with the isolation resistor and a capacitive

load. With higher capacitive values, bandwidth is domi -
nated by the RC network formed by RISO and CL; the
bandwidth of the amplifier itself is much higher. Also
note that the isolation resistor forms a divider that
decreases the voltage delivered to the load.

MaximÕs High-Speed Evaluation Boards
The MAX4104 evaluation kit manual shows a suggest-
ed layout for MaximÕs high-speed, single-amplifier eval-
uation boards. This board was developed using the
techniques described previously ( see Layout and
Power-Supply Bypassing section). The smallest avail-
able surface-mount resistors were used for the feed -
back and back-termination resistors to minimize the
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Figure 3a.  MAX4104 Frequency Response with Capacitive
Load and No Isolation Resistor
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Figure 3b.  MAX4304 Frequency Response with Capacitive
Load and No Isolation Resistor

Figure 3d.  MAX4305 Frequency Response with Capacitive
Load and No Isolation Resistor

Figure 3c.  MAX4105 Frequency Response with Capacitive
Load and No Isolation Resistor
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distance from the IC to these resistors, thus reducing
the capacitance associated with longer lead lengths.

SMA connectors were used for best high-frequency
performance. Because distances are extremely short,
performance is unaffected by the fact that inputs and
outputs do not match a 50 ½ line. However, in applica -
tions that require lead lengths greater than 1/4 of the
wavelength of the highest frequency of interest,
constant-impedance traces should be used.

Fully assembled evaluation boards are available for the
MAX4104 in an 8-pin SO package.
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Chip Infor mation 
TRANSISTOR COUNT: 44
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Or dering Infor mation (continued)

*Future productÑcontact factory for availability.
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General Description
The MAX9382/MAX9383 are high-speed PECL/ECL
phase-frequency detectors designed for use in high-
bandwidth phase-locked loop (PLL) applications. The
devices compare a single-ended reference (R) and a
VCO (V) input and produce pulse streams on differen-
tial up (U) and down (D) outputs. When integrated, the
difference of the output pulse streams provides a con-
trol voltage proportional to input phase or frequency dif-
ference. Guaranteed minimum short pulse duration
completely eliminates minimum phase difference
requirements during the lock condition, maximizing
loop jitter performance.

The MAX9382/MAX9383 feature low propagation and
reset delay, making them ideal for high-frequency clock
synchronization use. The MAX9382 uses 100K logic
levels, has a supply voltage range of V CC - VEE = 4.2V
to 5.5V, and is pin compatible with MotorolaÕs
MCK12140. The MAX9383 uses 10H logic levels with a
supply voltage range of V CC - VEE = 4.75V to 5.5V and
is pin compatible with the MCH12140.

The MAX9382/MAX9383 are available in industry-stan-
dard 8-pin SO and space-saving 8-pin µMAX packages.

Applications
Precision Clock Distribution

Central Office 

DSLAM

DLC

Base Station

ATE

Features
� Guaranteed Minimum Pulse Width Eliminates

Dead Band

� 450MHz Typical Bandwidth with up to ± � Phase
Detection

� 75k� Internal Input Pulldown Resistors

� 44mA Typical Supply Current

� ±2kV ESD Protection (Human Body Model)

� Pin Compatible with MCK12140 and MCH12140

� Available in 8-Pin µMAX and SO Packages
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MAX9382
MAX9383

Pin Configuration

Ordering Information

19-2234; Rev 1; 11/02

*Future productÑ contact factory for availability.

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at 
1-888-629-4642, or visit MaximÕs website at www.maxim-ic.com.

PART TEMP RANGE PIN-PACKAGE

MAX9382EUA* -40¡C to +85¡C 8 µMAX

MAX9382ESA -40¡C to +85¡C 8 SO

MAX9383EUA* -40¡C to +85¡C 8 µMAX

MAX9383ESA -40¡C to +85¡C 8 SO

D

U

D

UR
R

V

R

Q

Q

S

S

MAX9382
MAX9383

Functional Diagram
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ABSOLUTE MAXIMUM RATINGS

MAX9382 DC ELECTRICAL CHARACTERISTICS
(VCC - VEE = 4.2V to 5.5V. Outputs loaded with 50 � ±1% to VCC - 2V, unless otherwise noted. Typical values at VCC - VEE = 4.5V.)
(Notes 1, 2, 3)

Stresses beyond those listed under ÒAbsolute Maximum RatingsÓ may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specificatio ns is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

VCC - VEE............................................................................+6.0V
Inputs (R, V).................................................(VCC) to (VEE - 0.3V)
Continuous Output Current .................................................50mA
Surge Output Current........................................................100mA
Junction-to-Ambient Thermal Resistance in Still Air*

8-Pin µMAX ..............................................................+221¡C/W 
8-Pin SO ..................................................................+170¡C/W

Junction-to-Ambient Thermal Resistance with*
500LFPM Airflow
8-Pin µMAX ..............................................................+155¡C/W 
8-Pin SO.....................................................................+99¡C/W

Junction-to-Case Thermal Resistance 
8-Pin µMAX ...............................................................+39¡C/W 
8-Pin SO....................................................................+40¡C/W

Operating Temperature Range ...........................-40¡C to +85¡C
Junction Temperature ......................................................+150 ¡C
Storage Temperature Range .............................-65¡C to +150¡C
ESD Protection

Human Body Model (R, V, U, � , D, � )............................±2kV
Soldering Temperature (10s) .......................................... +300 ¡C

*Ratings are for single-layer board.

-40� C +25� C +85� C
PARAMETER SYMBOL CONDITIONS

MIN TYP MAX MIN TYP MAX MIN TYP MAX
UNITS

INPUTS (R, V)

Input High
Voltage

VIH
VCC -
1.165

VCC -
0.880

VCC -
1.165

VCC -
0.880

VCC -
1.165

VCC -
0.880

V

Input Low
Voltage

VIL
VCC -
1.810

VCC -
1.475

VCC -
1.810

VCC -
1. 475

VCC -
1.810

VCC -
1.475

V

Input High
Current

IIH VIN = VIHMAX 150 150 150 µA

Input Low
Current

IIL VIN = VILMIN 0.5 0.5 0.5 µA

OUTPUTS (U, � , D, � )

Single-Ended
Output High
Voltage

VOH
VIN = VIH or
VIL

VCC -
1.085

VCC -
0.990

VCC -
0.880

VCC -
1.035

VCC -
0.960

VCC -
0.880

VCC -
1.035

VCC -
0.940

VCC -
0.880

V

Single-Ended
Output Low
Voltage

VOL
VIN = VIH or
VIL

VCC -
1.890

VCC -
1.810

VCC -
1.555

 VCC -
1.850

VCC -
1.770

VCC -
1.620

VCC -
1.810

VCC -
1.730

VCC -
1.600

V

Differential
Output Voltage

VOH -
VOL

VIN = VIH or
VIL

585 820 585 810 585 800 mV

POWER SUPPLY

Supply Current IEE (Note 4) 43 56 44 56 45 58 mA



M
A

X
9382/M

A
X

9383

ECL/PECL Phase-Frequency Detectors

_______________________________________________________________________________________ 3

MAX9383 DC ELECTRICAL CHARACTERISTICS
(VCC - VEE = 4.75V to 5.5V. Outputs loaded with 50 � ±1% to VCC - 2V, unless otherwise noted. Typical values at VCC - VEE = 5.2V.)
(Notes 1, 2, 3)

MAX9382/MAX9383 AC ELECTRICAL CHARACTERISTICS
(Over specified DC input parameters, f = 100MHz, outputs loaded with 50 � ±1% to VCC - 2V, unless otherwise noted.) (Note 5)

-40� C +25� C +85� C
PARAMETER SYMBOL CONDITIONS

MIN TYP MAX MIN TYP MAX MIN TYP MAX
UNITS

INPUTS (R, V)

Input High
Voltage

VIH
VCC -
1.230

VCC -
0.890

VCC -
1.130

VCC -
0.810

VCC -
1.060

VCC -
0.720

V

Input Low
Voltage

VIL
VCC -
1.950

VCC -
1.500

VCC -
1.950

VCC -
1. 480

VCC -
1.950

VCC -
1.480

V

Input High
Current

IIH VIN = VIHMAX 150 150 150 µA

Input Low
Current

IIL VIN = VILMIN 0.5 0.5 0.5 µA

OUTPUTS (U, � , D, � )

Single-Ended
Output High
Voltage

VOH
VIN = VIH or
VIL

VCC -
1.115

VCC -
1.010

VCC -
0.890

VCC -
0.980

VCC -
0.924

VCC -
0.810

VCC -
0.945

VCC -
0.900

VCC -
0.720

V

Single-Ended
Output Low
Voltage

VOL
VIN = VIH or
VIL

VCC -
1.990

VCC -
1.832

VCC -
1.650

VCC -
1.950

VCC -
1.740

VCC -
1.630

VCC -
1.950

VCC -
1.700

VCC -
1.595

V

Differential
Output Voltage

VOH -
VOL

VIN = VIH or
VIL

650 822 650 817 650 803 mV

POWER SUPPLY

Supply Current IEE (Note 4) 37 52 38 52 39 52 mA

-40� C +25� C +85� C
PARAMETER SYMBOL CONDITIONS

MIN TYP MAX MIN TYP MAX MIN TYP MAX
UNITS

R Input to U
Output Delay

tPRU Figure 1 575 650 750 590 660 780 635 720 830 ps

V Input to D
Output Delay

tPVD Figure 1 575 650 750 590 660 780 635 720 830 ps

R Input to D
Output Delay

tPRD Figure 1 945 1120 1320 960 1110 1360 1005 1150 1360 ps

V Input to U
Output Delay

tPVU Figure 1 945 1120 1320 960 1110 1360 1005 1150 1360 ps

Minimum Pulse

Duration
tPmin Figure 1 370 470 370 450 370 430 ps
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-40� C +25� C +85� C
PARAMETER SYMBOL CONDITIONS

MIN TYP MAX MIN TYP MAX MIN TYP MAX
UNITS

Maximum

Operating
Frequency

fMAX

��  usable
phase
difference
range

400 450 400 450 400 450 MHz

Phase Offset
VIN = 200MHz,
50% duty
cycle (Note 6)

30 70 28 60 28 60 ps

Added Random
Jitter

tRJ

VIN = 400MHz,
50% duty
cycle (Note 7)

0.2 1.0 0.2 1.0 0.2 1.0 ps
(RMS)

Output Rise/ Fall

Time
tR,  tF

20% to 80%,

Figure 2
80 160 100 180 110 190 ps

Note 1: Measurements are made with the device in thermal equilibrium.
Note 2: Current into a pin is defined as positive. Current out of a pin is defined as negative.
Note 3: DC parameters are production tested at +85 ¡C. DC limits are guaranteed by design and characterization over the full oper-

ating temperature range.
Note 4: All pins open except V CC and VEE.
Note 5: Guaranteed by design and characterization. Limits are set to ±6 sigma.
Note 6: Phase offset is defined as the difference in propagation delay timing between the two input paths. It is measured between

the U and D outputs at the differential crosspoint with a rising edge simultaneously applied at the R and V inputs.
Note 7: Device jitter added to the input signal.

MAX9382/MAX9383 AC ELECTRICAL CHARACTERISTICS (continued)
(Over specified DC input parameters, f = 100MHz, outputs loaded with 50 � ±1% to VCC - 2V, unless otherwise noted.) (Note 5)
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Typical Operating Characteristics
(VCC - VEE = +4.5V (MAX9382) or VCC - VEE = +5.2V (MAX9383), VIH = VCC - 1.00V, VIL = VCC - 1.60V, fR = fV = 100MHz, outputs
loaded with 50� to VCC - 2V, TA = +25 ¡C, unless otherwise noted.)
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Detailed Description
The MAX9382/MAX9383 are high-speed phase or fre-
quency detectors. The MAX9382 is compatible with 100K
logic and has a power-supply range of V CC - VEE = 4.2V
to 5.5V. The MAX9383 is compatible with 10H logic with a
power-supply range of V CC - VEE = 4.75V to 5.5V. Both
devices are specified to function from -40 ¡C to +85¡C. 

Each device is symmetrical; the R and V input functions
may be swapped, together with the U and D output
functions, and the inputs and outputs relabeled.
Because of this device symmetry, a necessary condi-
tion for correct phase measurement operation is that
the � and � outputs must both be high (state 0 condi-
tion) when the rising edge of the leading input is
received. This condition is automatically generated
when the two inputs are at different frequencies. 

Phase Detection
The MAX9382/MAX9383 are intended for use in high-
bandwidth PLL applications. These devices compare a
single-ended VCO input (V) to a single-ended refer-
ence input (R) to determine the phase or frequency
relationship between V and R. The device differential
outputs U, � and D, � provide pulse trains with duty
cycle proportional to the phase or frequency difference
between R and V. These outputs are the up and down
signals required to control the system VCO. Figure 1
shows typical waveforms when V leads R and V lags R.
Subtracting and integrating these two outputs provide
the necessary VCO control signal. Figure 3 shows the
device transfer function obtained. The detector can

detect phase differences up to ±2 � . The application
frequency and the characteristics of the device internal
reset circuits determine the usable input phase differ-
ence range. 

Frequency Detection
Figure 4 is the state diagram for the MAX9382/
MAX9383. With the two inputs at the same frequency,
and input R leading input V, the device toggles
between states 0 and 2. Similarly, if input R lags input
V, the device toggles between states 0 and 1. With the
two inputs at different frequencies, the output becomes
a function of the frequency difference. The normalized
ideal transfer function is given by:

and

Output Pulses
When inputs R and V are at the same phase and fre-
quency, outputs U, � and D, � produce a stream of
minimum duration pulses that occur at the rising edges
of the input waveforms. This is the lock condition. If
either input starts to lead the other in phase, the width
of pulses on the corresponding output (U for R input, D
for V input) increases in proportion to the phase differ-
ence. In a PLL implementation, these outputs direct the

V
f
f

for f fOUT AVE
V

R
R V_ � �1
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-

V
f
f

for f fOUT AVE
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Pin Description

PIN NAME FUNCTION

1 �
Inverting Up Output. Pulse stream is generated at this pin when f R > fV or V lags R in phase.
Terminate with 50�  resistor to VCC - 2V or equivalent.

2 U
Noninverting Up Output. Pulse stream is generated at this pin when f R > fV or V lags R in phase.
Terminate with 50�  resistor to VCC - 2V or equivalent.

3 �
Inverting Down Output. Pulse stream is generated at this pin when f V > fR or R lags V in phase.
Terminate with 50�  resistor to VCC - 2V or equivalent.

4 D
Noninverting Down Output. Pulse stream is generated at this pin when f V > fR or R lags V in phase.
Terminate with 50�  resistor to VCC - 2V or equivalent.

5 VEE Negative Supply

6 V Single-Ended VCO Input

7 R Single-Ended Reference Input

8 VCC
Positive Supply. Bypass from VCC to VEE with 0.1µF and 0.01µF ceramic capacitors. Place the
capacitors as close to the device as possible with the smaller value capacitor closest to the device.



system VCO to increase or decrease frequency to
maintain the lock condition.

The minimum output pulse duration is an important
parameter for the design of the signal processing func-
tions, which follow the phase detector. When controlling
a charge-pump integrator, a detector can produce a
dead-zone characteristic at the lock condition if the
minimum pulse width is too short. MAX9382/MAX9383
eliminate this dead-zone characteristic, and the result-
ing phase offset at lock, by providing a well-defined
minimum output pulse width.

Applications Information
The MAX9382/MAX9383 input and output levels are
defined to be relative to the positive supply voltage. In
ECL systems, the positive supply voltage is convention-
ally chosen to be system ground. This arrangement
produces the best noise immunity, since ground is nor-
mally a system-wide reference voltage. Operate the
devices with VCC connected to ground and V EE con-
nected to a negative supply for ECL systems. With

PECL systems, connect VCC to a positive supply and
VEE to ground. 

Power-Supply Bypassing
Adequate power-supply bypassing is necessary to
maximize the performance and noise immunity of ECL
devices. This is particularly true of a PECL system
where the power-supply voltage is used as a reference.
Bypass VCC to VEE with high-frequency surface-mount
ceramic 0.1µF and 0.01µF capacitors in parallel and as
close to the device as possible, with the 0.01µF capaci-
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a) INPUT AND OUTPUT WAVEFORMS FOR V LEADING R
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b) INPUT AND OUTPUT WAVEFORMS FOR V LAGGING R

tPRU
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Figure 1. Typical Waveforms when fR = fV
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Figure 2. Output Transition Times
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tor closest to the device pins. Use multiple parallel vias
for ground plane connection to minimize inductance.

Circuit Board Traces
Input and output trace characteristics affect the perfor-
mance of ECL/PECL devices. Connect each of the
detectorÕs inputs and outputs to a 50 � characteristic
impedance trace. Avoid impedance discontinuities,
maintain the distance between differential traces, avoid
sharp corners, and keep the electrical length of the dif-
ferential traces matched. This maximizes common-
mode noise rejection and reduces signal skew. Trace
vias cause impedance discontinuities, so keep the
number of vias in the 50� traces to a minimum. Reduce
reflections by maintaining the 50 � characteristic
impedance through connectors and across cables.

Output Termination
Terminate outputs through 50� to VCC - 2V or use an
equivalent Thevenin termination. When a single-ended
signal is taken from a differential output, terminate both
outputs. For example, if the U output of the MAX9382 or
MAX9383 is connected to a single-ended input, termi-
nate both the U and � outputs.

Chip Information
TRANSISTOR COUNT: 706

PROCESS: Bipolar

ECL/PECL Phase-Frequency Detectors
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0 � 2�-�-2�

fV > fR
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V LEADS R

fV < fR
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V LAGS R

AVG
(U)

AVG
(D)

AVG
(U - D)

VOH

VOL
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VOH - VOL

0

VOL - VOH
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Figure 3. Average Output Voltage vs. Phase Difference
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Figure 4. MAX9382/MAX9383 State Diagram
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