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Figura 1.1: Camadas de um Sistema USB 
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Figura 1.2:�A PHY nos domínios do Host e do Dispositivo 
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Figura 2.1: Percentual de reuso de projetos até 2022. Fonte: ITRS�
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Figura 2.2: Produtividade para novos projetos. Fonte: ITRS�
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Figura 2.3: Gap Produtividade x Capacidade de CI’s. Fonte [10] 
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�
�

��-��3�' �� !�"/� )!� /"/-�!�� ���9� /7�� " �'-"*"�� �/�  �"/� /)$ /"/-�!�/�

C)�� /7�� �� )	�
 � �� ��  "/+�/"-".�(� ��  "/+�/"-".�� �)� ���� �#'������ +�,��� � 8� )!��

+�6��  �� 3�� Z���� '�� +�'-�� *"'���  �� ��$�� ���� C)�� "!+��!�' -�� ��@)!��

����
�	� (�����/-9�+���/)��.��9� "." �K/���!�-�D/���!� �/J�

�

·  �����
��	"
*��� J���*-Z�����=��)-� ��'�� )	�
 ���C)�������/+�' ����

)!�� ����
�	� (�A�@����!�'-�� "/+�'"$"�"�� ��+���)!�����)�+����

*�$�"��'-�� �� ����
�	� ]�

·  �����'�
����	"
*��� J���*-Z����C)��/)+��-��)!�/"/-�!�������!�

)!�����!�+��-"�)���(�A� "/+�'"$"�"�� ��+���������"' �+�'  �� ��

 "/+�/"-".�/��)� �� �����
��	"
*��� ]�



  - 15 - 

·  ����)	�
��	�
�	���� J��"/-�!����!+�/-�� ����*-Z��������� Z����

��C)��+��!"-��C)�� "/+�/"-".�/�/�G�!���'��-� �/���� )	�
 (�

�

���"@)���%(0�!�/-����!� �-��3�/��/�.B�"�/���!� �/� ��)!�/"/-�! ������

 �!���� �/� �!� �"'��(� �/� /�-�/� �"'��� "' "��!� �� ��!)'"��67�� �H@ "��� �'-��� �/�

��!� �/�  �� )	�
 � �� �/� ��!� �/�  �� ���� �#'������ +�,��� (� �/� /�-�/� +��-�/�

"' "��!� �� ��!)'"��67�� ����� �'-��� �/� ��!� �/�  �� )	�
 9� �'-��� �/� ��!� �/�  ��

 "/+�/"-".�����'-��� )	�
 ��� "/+�/"-".�(�

�

Client SW

USB System 
SW

USB Host 
Controller

Host

Function

USB Logical 
Device

USB Bus 
Interface

Physical Device

�
Figura 3.2: As quarto áres de implementação de um sistema USB 

�

�� )	�
 � -�!� )!�+�+��� *)' �!�'-��� �!� )!� /"/-�!�� ���9�+�"/� ��'-�� ���

-� �������//��E����(�A�����C)�!�@���'-�������//�� �� "/+� /"-".�/�������C)�!�

!�'"-���� ��-�+���@"�� �� ���(� ����� �-"'@"���� ��+��" � �� �� /���) !��"'-��*����

+� �7�� +���� �/� !�"/�  "*���'-�/� ���//�/�  ��  "/+�/"-".�/9� �/� ����
�	�� �  �.�!�

�+��/�'-���)!��!�/!��"'-��*����$B/"������ )	�
 (��//��+��!"-��C)���� )	�
 �+�//��

@���'�"����/��/+��-�/�����.�'-�/� ���� �� "/+�/"-".�� �� )!��!�'�"�����!)!(�

��' ���//"!9�+�����G) ����� )	�
 ���" �'-"*"��������'*"@)���� "/+�/"-".�/����9�8�

'���//B�"�� C)�� �/�  "/+�/"-".�/� ��'-�'3�!� "'*��!�6M�/� � ����"�'� �/� E� /)��

��'*"@)��67��  �'-���  �� /"/-�!�� ���(� ��@)!�/�  �//�/� "'*�� !�6M�/� /7��

��!)'/� �� -� �/�  "/+�/"-".�/9� �'C)�'-�� �)-��/� "'*��!�6M�/ � /7�� �/+��:*"��/� ��

�� �� "/+�/"-".�(��



  - 16 - 

����� C)�� 3�G�� �� ����� ��!)'"��67�� �'-��� )	�
 � ��  "/+�/"-".�/� /7��

�-�"$): �/� �' ���6�/� >'"��/� �� �� ��  "/+�/"-".�� '�� !�!�' -�� �!� C)�� �/-�� 8�

��'��-� �9�"//��@���'-��C)�� �� ��+���-�� �'."� ��+���� )	�
 � /�G�� ����$" ��+���

)!� >'"���  "/+�/"-".�(� 
="/-�9� �'-��-�'-�9� )!�� �$/-��67�� �� !�" /� +���� ��

��!)'"��67����!� �� �� ����
�	� 9�C)��/�� �3�!�� 0��
	��
 (� �!� 0��
	��
 �8�)!��

+��67�� )'"��!�'-�� " �'-"*"�B.���  �� )!�  "/+�/"-".�� ���� �� ��'/"/-�� '��

-��!"'�67��  �� )!� *�)=��  �� ��!)'"��67�� �'-��� )	�
 � ��  "/+�/"-".�(� �� ��

 "/+�/"-".�� 8� ��!+�/-�� +��� )!�� ����67��  �� 0��
	��
� � "' �+�' �'-�/(� ���

��'-�B�"��  �/� �' ���6�/�  ��  "/+�/"-".�/9� �/� 0��
	��
� �+�//)�!� /�)/�+�H+�"�/�

�' ���6�/�  �-��!"'� �/� �!� -�!+��  �� +��G�-�9� �)� /�G�9� /7� � +�8K �*"'" �/(�

�)-��������-��:/-"��� �/� 0��
	��
� �8�C)�����/�+�//)�!�)!�� "��67�� ��*�)=�� ��

 � �/� ��'/-�'-�9� �'-�� �� �)� /�: ��  ��  � �/(� F)�' �� )!� �����
� �	"
*��� �

 �/�G��/����!)'"������!�)!�� ����
�	� ����� �.��*�����"//���-��.8/� �� 0��
	��
 �

�����-�9�+�"/��� �� 0��
	��
 �8� �*"'" ��+����)!����!)'"��67���/+��:*"�����!���

����
�	� (� �� �"@)��� %(%�  B� )!�� ."/7�� /"!+��/�  �� ��!�� �/� 0��
	��
� � /��

�����"�'�!�')!�/"/-�!�����(�

�

Client SW Function
.
.
.

Endpoint N

Endpoint 2

Endpoint 1

�
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Figura 3.5: Pacotes Token (a), Data (b) e Handshake (c) 
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Figura 3.7: Plataforma Brazil-IP USB Host Controller �
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Figura 3.8: Módulos do HC 
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Figura 3.9: Camadas OSI�
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Figura 4.3: Como os módulos da biblioteca são utilizados�
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Figura 4.4: Write Reg 
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Figura 4.7: Send USB Packet�
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Tabela 4.6: Interface Receive USB Packet 
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Figura 4.8: Receive USB Packet�
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Figura 4.9: PLL USB PHY�
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Figura 4.11: Write Reg Mux�
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Figura 4.12: USB 3300 Interface�
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Figura 4.13: Control 
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Figura 5.1: Estrutura de testes para o Write Reg�
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Figura 5.2: Escrita de um registrador�
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Figura 5.3: Estrutura de testes para o Read Reg�
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Figura 5.4: Leitura de um registrador�
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Figura 5.5: Estrutura de testes loopback�
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Figura 5.6: Teste de loopback�
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Figura 5.7: Estrutura de testes do Chirp Sequence Control �
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Figura 5.8: Sequência de um chirp sequence (escala de tempo não-real) 
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Figura 5.9: Estrutura de testes do Send USB Packet�
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Figura 5.10: Pacote SOF�
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Figura 5.11: Pacote SETUP 
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Figura 5.12: Pacote DATA0 
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Figura 5.13: Exemplo de um pacote enviado 
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Figura 5.14: Exemplo de um pacote recebido�
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Figura 5.15: Estrutura de testes para inicializar a PHY�
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Figura 5.16: Sequência de inicialização da PHY�

�

�



  - 53 - 

2���9��#���)��������(#����
�

�"'��!�'-�� )!�� �/-�)-)���  �� -�/-�/9� �'.��.�' �� -� �/� �/ � !H )��/�  ��

$"$�"�-���� #*)'�"�'�"/� �� �)="�"���/,9� *�"�  �/�'.��." �� + ���� ����"���� )!��

/�CaD'�"�� ��!+��-�J�"'"�"��"���� �� ���K��L9���/�-��� ��  "/+�/ "-".�� ��*�����)!��

��C)"/"67������ �*�)�-(��//��+��!"-")�.��" ������+���67��� �'G)'-�� ��-� �/��/�

!H )��/�  �/�'.��." �/� '�/-�� +�"!�"��� .��/7�(� �� � Figura 5.17� !�/-��� ��

�/-�)-)�����!+��-�(��/�!H )��/��)="�"���/�)-"�"�� �/�*���! J��	�
�	��>�? 9�.�B�

����� >�? 9����::99��
��"���� >�? 9�A��
�� (�!� .�@� >�? � �� ���� ���� �)E� >�? (� � �/�

!H )��/�*)'�"�'�"/�/7�J� A��
��(�! �#",9�(����(�! �#"",9��#��
�����������	�
�	� �#""",9�

����� ���� ���-�
 � #".,� �� (����,�� ���� ���-�
 � #.,(� ��!��  "-�� �� ��'-����� *��� ��

/"!)��67�� ��C)��/��"������9�/����/+�'/�$"�"��' ��+���)/�� ��� ��!H )��� ��

$"$�"�-����'��!�!�'-���+��+�"� �(�

�

 
Figura 5.17: Estrutura de testes completa�
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Figura 5.18: Exemplo do processo completo�
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Figura 5.19: Dados de retorno do GET_CONFIGURATION�
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Figura 5.20: Dados de retorno do GET_DEVICE_DESCRIPTOR�
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Figura 5.21: Dados de retorno do GET_CONFIGURATION_DESCRIPTOR�
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