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ABSTRACT

This application note describes the architecture and use of the host and on-the-go (OTG) USB controllers
in the OMAP4 product family. Software developers can use the provided images to improve their
understanding of USB usage in OMAP4 devices.

NOTE: OMAP44xx Disclaimer: All programming models and use cases presented in this document
are provided for educative purposes only and may differ from or be optimized for your
applications. All OMAP peripheral devices presented in this document are provided for
illustration purposes and may be different from those in your system.

1 Introduction

OMAP4 high-performance multimedia application devices are based on enhanced OMAP™ architecture.
OMAP4 devices include one high-speed (HS) USB OTG controller module and one HS multiport USB host
module. Both modules comply with USB2.0 standards for HS function (480 Mbps). (OMAP4 devices also
embed a legacy FS USB host module, which is beyond the scope of this document.)

NOTE: To avoid confusion, the following terminology is defined:

« Device: Any device that can be a host or peripheral, such as a PC, smartphone, tablet, or
USB stick

« Host or host device: A USB host device, such as a PC or the device embedding the
OMAP4 device

« Peripheral or peripheral device: A USB peripheral device, such as a USB stick, mouse,
or the device embedding the OMAP4 device

The Mentor HS USB OTG IP only has one interface (USBA), providing DP/DM pins directly at the OMAP
boundary.

The Synopsys HS USB Host IP is divided into 2 blocks: Enhanced host controller interface (EHCI) and
open host controller interface (OHCI).

The EHCI block allows HS-only transfers on 2 physical ports: USBB1 and USBB2. Each port can be
configured in UTMI+ low pin interface (ULPI), transceiver-less link logic (TLL), or high-speed inter-chip
(HSIC) mode.

The OHCI block allows FS/LS transfers on 2 physical ports: USBB1 and USBB2. Each port can be
configured in 3/4/5/6 pin FS serial mode.

Depending on the OMAP44xx version (4430/4460/4470) and revision (ESx.y), some combinations might
not be functional (for example, TLL on USBB1 and HSIC on USBB?2). Please see the latest errata
available.

OMAP is a trademark of Texas Instruments, Inc..
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Figure 1 shows a global overview of USB architecture in OMAP4 devices.

OMAP4
HS USB OTG
USBA
DP/DM — Canbe host or peripheral
[ ULPI to PHY =
HS USB Host USBB1 | ULPITLLto peripheral

HSIC to peripheral
3/4/6 pins FS USB to PHY
EHCI 2/3/4/6 pins TLL to peripheral

USBB2 [ ULPItoPHY

OHCI ULPITLL to peripheral
HSIC to peripheral __ Canbe host ONLY
3/4/6 pins FS USB to PHY
-2/3/4/6 pins TLL to peripheral

FS USB Host B
USBC1 | 2pin FSinterchip mode

4 pin FS USB to PHY

—

Figure 1. OMAP4 Global USB Architecture
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2 OMAP4 USB OTG

The OMAP4 USB OTG controller can be used as a peripheral connected to a host or as a host connected
to a peripheral.

2.1 USB OTG as a Peripheral Device

Figure 2 shows two examples of OMAP4 USB OTG devices (in this case, smart phones) connected as
peripherals to other USB host devices.

smartphone with USB OTG used as

device

Micro A male

Micro B male .
Phone is HOST

Phone is PERIPHERAL

OTG link

Figure 2. Smart Phone With OMAP4 USB OTG Used as Peripheral
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2.1.1 Connecting to a Host PC
Figure 3 shows the connection between a PC and OMAP USB OTG device in peripheral mode.

OMAP4

In the scenario shown in Figure 3, when the USB cable is connected:
» A micro-B male is plugged into a micro-AB receptacle.

IRQ

vdda_usbaOotg_1p8v

vdda_usbaOotg_3p3v

D+

VBUS

¢ VBUS is provided by the PC.
¢ VBUS rise is detected by the power management multichannel IC (PMIC).

e The PMIC sends an IRQ to the OMAP device.
» The OMAP device loads the OTG driver.

12345

Micro-AB —————N
receptacle Q )
So————2
Micro-AB

Micro-B
male

Standard
A
male

Figure 3. PC Connected to OMAP4 USB OTG in Peripheral Mode

When VBUS IRQ is provided, the OMAP device enters peripheral mode and recognizes the PC as host.
The OMAP device sets the pull-up on D+, and the PC performs a USB reset and enumerates.

In the scenario shown in Figure 3, when the USB cable is removed:
¢ VBUS drops.

e The PMIC sends an IRQ to the OMAP device.

* The OTG device detects a disconnection through D+/D—.
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Connecting to Another OTG Device in Host Mode

Figure 4 shows the connection between an OTG device acting as a host and an OMAP USB OTG device
in peripheral mode.

IRQ

vdda_usbaOotg_1p8v

OMAP4

vdda_usbaOotg_3p3v VBUS

D+

12345
,=\
] &&= []
S =—2=
Micro-AB

Micro-AB
receptacle

Micro-B
male

Micro-A
male

Other
OTG

device

Figure 4. OTG Device Connected an to OMAP4 USB OTG in Peripheral Mode

In the scenario shown in Figure 4, the OMAP USB OTG device determines its role based on the type of
plug connected (micro-B = peripheral, micro-A = host). When the USB cable is connected:

» A micro-B male is plugged into a micro-AB receptacle.
e VBUS is provided by the host OTG device.

¢ VBUS rise is detected by the PMIC.

e The PMIC sends an IRQ to the OMAP device.

* The OMAP device loads the OTG driver.

* When VBUS IRQ is provided, the OMAP device enters peripheral mode and recognizes the other OTG
device as host.

e The OMAP device sets the pull-up on D+, and the host device performs USB reset and enumerates.
When the USB cable is removed:

¢ VBUS drops.

* The PMIC sends an IRQ to the OMAP device.

* The OTG device detects a disconnection through D+/D-.
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2.2 USB OTG as Host Device

Figure 5 shows examples of OMAP4 USB OTG devices (in this case, smart phones) connected as hosts
to other peripheral devices.

Micro A Male.
Phone is HOST

Micro B male
Phone is PERIPHERAL

OTG link

Figure 5. Smart Phone With the OMAP4 USB OTG Device Used as Host

2.2.1 Connecting to an HS/FS/LS Peripheral Device

Figure 6 shows the connection between an HS/FS/LS peripheral device and OMAP USB OTG device in
host mode.

SWPA215A—-June 2012 —Revised January 2013 OMAP4 Standard USB Usage 9

Submit Documentation Feedback
Copyright © 2012-2013, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPA215A

13 TEXAS
INSTRUMENTS

OMAP4 USB OTG www.ti.com

IRQ

[

vdda_usbaOotg_1p8v

vdda_usbaOotg_3p3v VBUS

12345

e { =}
==
Micro-AB
Micro-A
‘ male
\
\ —
=~
N
\
Standard A 1
receptacle 1
Standard :
A
male I
I
1
/

Mouse/keyboard

Figure 6. OMAP4 USB OTG Device as Host for HS/FS/LS Peripheral Device

In the scenario shown in Figure 6, when the USB cable is connected:
* A micro-A male is plugged into a micro-AB receptacle.

* ID-grounded is detected by the PMIC.

e The PMIC sends an IRQ to the OMAP device.

» The OMAP device loads the OTG driver.

« If ID-grounded IRQ is present, the OMAP device enters host mode.

» The OMAP device requests that the PMIC drive VBUS (that is, the PMIC does not start VBUS on its
own).

* The peripheral device sets pull-up on D+ (if HS/FS) or D— (if LS).
* The OMAP device performs USB reset and enumerates the peripheral device.

In the scenario shown in Figure 6, when the USB cable is removed:
» IDis set back to 1 because of the PMIC internal pull-up.

The PMIC sends an IRQ to the OMAP device.

The OMAP device requests that the PMIC stop VBUS.

The OTG device detects a disconnection through D+/D—.

2.2.2 Connecting to Another OTG Device in Peripheral Mode

Figure 7 shows the connection between the OMAP4 USB OTG device configured in host mode and
another OTG device configured in peripheral mode.
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IRQ

vdda_usbaOotg_1p8v

vdda_usbaOotg_3p3v VBUS

D+

D-

Micro-AB

Micro-A
‘ male

Micro-B
male

Micro-AB
receptacle

Other
Smartphone/device
OTG capable

Figure 7. OMAP4 USB OTG Device as Host for Another OTG Device

In the scenario shown in Figure 7, the OMAP USB OTG device determines its role based on the type of
plug connected (micro-B = peripheral, micro-A = host). When the USB cable is connected:

A micro-A male plugs into a micro-AB receptacle.

ID-grounded is detected by the PMIC.

The PMIC sends an IRQ to the OMAP device.

The OMAP device loads the OTG driver.

If an ID-grounded IRQ is present, the OMAP device enters host mode.

The OMAP device requests that the PMIC drive VBUS (that is, the PMIC does not start VBUS on its
own).

The peripheral sets a pull-up on D+ (if HS/FS) or D— (if LS).
The OMAP device performs a USB reset and enumerates the peripheral.

NOTE: The OMAP USB OTG device and the connected peripheral device can exchange host or
device roles by host negotiation protocol (HNP).

When the USB cable is removed:

The ID is set to 1 because of the PMIC internal pullup.
The PMIC sends an IRQ to the OMAP device.

The OMAP device requests that the PMIC stop VBUS.
The OTG device detects a disconnection through D+/D—.

Micro-AB N
receptacle '_ s '
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3 OMAP4 HS USB Host

The OMAP4 HS USB host module allows communication with USB peripherals using physical (PHY), TLL,
and HSIC connections.

The HS USB host controller supports the following connection types:

» EHCI + ULPI PHY to connect an HS peripheral device only on one physical port

e OHCI + Serial PHY to connect an FS peripheral device only on one physical port

e EHCI + ULPI PHY + HUB to connect an HS/FS/LS peripheral on several physical ports
* EHCI + TLL link to connect on board HS modem

* OHCI + TLL link to connect on board LS/FS modem

» EHCI + HSIC to connect to an HS on board peripheral

» EHCI + HSIC + HUB to connect to an HS/FS/LS on several physical ports

3.1 External PHY Mode

Figure 8 shows an example of an OMAP4 device (in this case, a tablet computer) as a USB host for
multiple peripheral devices.

1 Micro-A Standard A
male male
3 Standard A

female

Figure 8. Tablet With Host Port

3.11 EHCI + ULPI PHY

Figure 9 shows the connection between an HS peripheral device and the OMAP4 HS USB Host EHCI
interface through an external ULPI PHY.
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Enable

12345

Micro-AB § === Y
receptacle e
Micro-AB

Micro-A
male
\

Standard A
receptacle

Standard
A
male

HS device only.
FS/LS not supported.
cf errata 1692

Mouse/keyboard/HDD

Figure 9. HS Peripheral Device Connection on One EHCI + ULPI PHY Port

In the scenario shown in Figure 9:

* VBUS must always be on, provided by a dedicated LDO.

» EHCI is always host (that is, the micro-AB receptacle ID pin is not checked).
e The PHY ID pin must be grounded.

When the USB cable is connected:

e A micro-A male is plugged into a micro-AB receptacle.

» The device sets a pull-up on D+ when VBUS is received (HS peripheral only because of errata i692).
» PHY detects a linestate change and sends ULPI RXCMD to the OMAP device.

» The OMAP device resets the peripheral, detects peripheral speed, and enumerates.

When the USB cable is removed:
¢ PHY detects a disconnection through D+/D— and warns OMAP through:
— ULPI RXCMD, if the PHY is awake

— D+/D- state copied on ULPI_DATO/1, if the PHY is in low-power mode (for example, during
suspend)

NOTE: A standard A receptacle and a peripheral device with a standard A plug can also be used. In
this case, the ID pin is not available.
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3.1.2 OHCI + Serial PHY

Figure 10 shows the connection between an HS device and the OMAP4 host over one OHCI + serial PHY
port.

Serial PHY Enable

5-V power

supply
Serial

Micro-AB
receptacle

Micro-A
male

\
Standard A \
receptacle 1
Standard !
A I
male I
I

FS/LS device only.
HS not supported.

Mouse/keyboard/HDD

Figure 10. HS Device Connection on One OHCI + Serial PHY Port

In the scenario shown in Figure 10:

* VBUS must always be on, provided by a dedicated LDO.

* OHCl is always host (that is, the micro-AB receptacle ID pin is not checked).
* The PHY ID pin must be grounded.

When the USB cable is connected:

¢ A micro-A male is plugged into a micro-AB receptacle.

e The device sets a pull-up on D+ or D— when VBUS is received.
» PHY detects a linestate change and informs the OMAP device.
» The OMAP device resets the peripheral and enumerates.

When the USB cable is removed:
¢ PHY detects disconnection and informs the OMAP device.

NOTE: A standard A receptacle and a device with a standard A plug can also be used. In this case,
the ID pin is not available.

14 OMAP4 Standard USB Usage SWPA215A—-June 2012 —-Revised January 2013

Submit Documentation Feedback
Copyright © 2012-2013, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPA215A

13 TEXAS
INSTRUMENTS

www.ti.com OMAP4 HS USB Host

3.13 EHCI + ULPI PHY + External HUB

Figure 11 shows the connection between several USB devices and OMAP4 EHCI + ULPI PHY ports using
a hub.

Enable 5V power

supply

Micro-A

Receptacle
Micro-AB male

Receptacle
Micro-AB

Micro-A FS
male keyboard

Receptacle
Micro-AB

X

Micro-AB

Figure 11. HS Device Multiple Connections on EHCI + ULPI PHY Hub

The scenario shown in Figure 11 is the typical use for OMAP4 EHCI. When used this way, several
physical ports can support all USB speeds (HS, FS, and LS).

In this scenario, the OMAP4 host sees the hub as the only peripheral. The OMAP4 host detects peripheral
device insertion in the following ways:

* Remote wakeup from hub to OMAP: If the hub and already-connected peripherals are all suspended.
» Polling the hub (getportstatus)

NOTE: A standard A receptacle and a device with a standard A plug can also be used. In this case,
the ID pin is not available.

3.2 TLL Mode

Figure 12 shows an example of an OMAP4 device (in this case, a smart phone) as a TLL host for USB
peripheral devices, which removes the requirement for host and peripheral PHYs.
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Figure 12. USB Host With Onboard Modem
3.21 EHCI + TLL
Figure 13 shows the EHCI TLL connection over the onboard HS modem.
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Without TLL

With TLL

Virtual Virtual
PHY PHY

observability

Figure 13. Host Connection on EHCI + TLL with Onboard HS Modem

When the modem is onboard (as shown in Figure 13), TLL removes the need for two external PHYs.
Test points and observability are recommended for debug purposes.

3.2.2 OHCI + TLL
Figure 14 shows the OHCI TLL connection over the onboard modem.
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Without TLL

With TLL

serial

Virtual Virtual
PHY PHY

observability

Figure 14. Host Connection on OHCI + TLL With Onboard Modem

When the modem is onboard (as shown in Figure 14), TLL removes the need for two external PHYs.
Test points and observability are recommended for debug purposes.
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3.3 HSIC Mode

Figure 15 shows an example of an OMAP4 device in which an HSIC link connects between the OMAP HS
USB host and an onboard modem, or between the OMAP HS USB host and an onboard HUB offering two
physical standard A ports to connect any kind of peripheral device.

Figure 15. USB Host With Onboard HSIC Modem or HSIC HUB

3.3.1 EHCI + HSIC

Figure 16 shows the EHCI HSIC connection with an onboard HS modem, requiring only 2 signals (data
and strobe).

Data

A\ 4

A A
A 4

Strobe

Figure 16. HSIC Modem Connection With EHCI HSIC Interface

3.3.2 EHCI + HSIC + HUB

Figure 17 shows the EHCI HSIC connection with an onboard HSIC HUB, allowing the connection of
several USB peripheral devices on external ports.
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Enable

5V power
supply

Strobe

microAB
receptacle

i
_8

s
< @
O
e
L a
£ @
| -

Micro-AB

Figure 17. HSIC HUB Connection With EHCI HSIC Interface

A separate LDO controlled by the HUB handles the 5-V power supply.

NOTE: A standard A receptacle and a device with a standard A plug can also be used. In this case,
the ID pin is not available.
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4 USB2 Cables and Plugs

Figure 18 shows the male-to-male plugs available on USB1.x and USB2.0 cables.

Cable plugs (USB 1.x/2.0)

Cables exist with pairs of plugs:

Plug
E5#3.21: isﬂng Egg%!
; ) i y % 32 1
Plug Micro-B Micro-A Mini-B Type B Type A
5_;? i [P
: = ; o Yes Yes M
4 E E 1 liﬁ-ﬁ N S il h
Type A
@
Type B
Mini-B
Micro-A
E 54321 E
Micro-B
Yes means existing standard cable.
NS means existing but non-standard cable.
No means that these cable should not exist.
Figure 18. Official USB2 Cables—Male to Male
SWPA215A—June 2012 —Revised January 2013 OMAP4 Standard USB Usage 21

Submit Documentation Feedback
Copyright © 2012-2013, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPA215A

13 TEXAS
INSTRUMENTS

Which Plug for Which Receptacle www.ti.com

5 Which Plug for Which Receptacle
Figure 19 shows the types of USB plugs that fit the available types of USB receptacles.

Host interface receptacles

The following receptacles accept the following plugs:

Receptacle

131&%

Figure 19. USB Plugs and Receptacles
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Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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