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About This Manual

Preface

Read This First

The HDQ and 1-Wire battery monitoring serial interface module in the
OMAP5910 device implements the hardware protocol of the master function
of the TI/Benchmarg HDQ and the Dallas Semiconductor 1-Wire protocols.
The module utilizes a command structure that is programmed into
transmit-command registers. The received data is in the received-data
register. The firmware is responsible for doing the correct sequencing in the
command registers. The module only implements the hardware-interface
layer of the protocols.

Notational Conventions

This document uses the following conventions.

(1 Hexadecimal numbers are shown with the suffix h. For example, the
following number is 40 hexadecimal (decimal 64): 40h.

Related Documentation From Texas Instruments

SPRUG88

The following documents describe the OMAP5910 device and related
peripherals. Copies of these documents are available on the Internet at
www.ti.com. Tip: Enter the literature number in the search box provided at
www.ti.com.

OMAP5910 Dual-Core Processor MPU Subsystem Reference Guide (litera-
ture number[SPRU671)

OMAP5910 Dual-Core Processor DSP Subsystem Reference Guide
(literature number |[SPRU672)

OMAP5910 Dual-Core Processor Memory Interface Traffic Controller

Reference Guide (literature number [SPRU673)

OMAP5910 Dual-Core Processor System DMA Controller Reference Guide
(literature number|SPRU674)
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Trademarks

6 OMAPS5910

OMAP5910 Dual-Core Processor LCD Controller Reference Guide (litera-

ture number [SPRU675)

OMAP5910 Dual-Core Processor Universal Asynchronous Receiver/
Transmitter (UART) Devices Reference Guide (literature number

[SPRUG76)

OMAP5910 Dual-Core Processor Universal Serial Bus (USB) and Frame
Adjustment Counter (FAC) Reference Guide (literature number|SPRU677)

OMAP5910 Dual-Core Processor Clock Generation and System Reset
Management Reference Guide (literature number[SPRUG78)

OMAP5910 Dual-Core Processor General-Purpose Input/Output (GPIO)
Reference Guide (literature numberm

OMAP5910 Dual-Core Processor MMC/SD Reference Guide (literature
number|SPRU680

OMAP5910 Dual-Core Processor Inter-Integrated Circuit (I12C) Controller
Reference Guide (literature number SPRU6G81)

OMAP5910 Dual-Core Processor Timer Reference Guide (literature number

OMAP5910 Dual-Core Processor Inter-Processor Communication

Reference Guide (literature number

OMAP5910 Dual-Core Processor Camera Interface Reference Guide

(literature number| SPRU684

OMAP5905 Dual-Core Processor Multichannel Serial Interface (MCSI)
Reference Guide (literature number

OMAP5910 Dual-Core Processor Micro-Wire Interface Reference Guide

(literature number [SPRU6G86)

OMAP5910 Dual-Core Processor Real-Time Clock (RTC) Reference Guide
(literature number SPRUG8TY)

OMAP5910 Dual-Core Processor HDQ/1-Wire Interface Reference Guide
(literature number[SPRUG88)

OMAP5910 Dual-Core Processor PWL, PWT, and LED Peripheral
Reference Guide (literature number|SPRU6G89)

OMAP5910 Dual-Core Processor Multichannel Buffered Serial Port (McBSP)
Reference Guide (literature number|[SPRU708

OMAP and the OMAP symbol are trademarks of Texas Instruments.
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HDQ/1-Wire Interface

1 HDQ and 1-Wire Battery Monitoring Serial Interface

Figure 1.

SPRUG88

The HDQ and 1-Wire battery monitoring serial interface module in the
OMAP5910 device implements the hardware protocol of the master function
of the TI/Benchmarg HDQ and the Dallas Semiconductor 1-Wire protocols.
The module utilizes a command structure that is programmed into
transmit-command registers. The received data is in the received-data
register. The firmware is responsible for doing the correct sequencing in the
command registers. The module only implements the hardware-interface
layer of the protocols. (See section 2 below for a description of the HDQ and
1-Wire Protocols.)

The HDQ and the 1-Wire modes are selectable in software, which must be
done before any transmit and receive from the module is performed. The mode
is assumed static during operation of the device.

HDQ and 1-Wire Overview

a

OMAP5910 —{
I
MPU TIPB | TI
(public) 0— BQxxxx
HDQ / 1-wire device

I

< I
Interrupt I

I

I

Pin multiplexing for
OMAP5910
GPIO11 device pin
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1.1 Software Interface

The base address for the HDQ regsiters is FFFB:C000.

No synchronization is provided by the hardware between the register-clock
domain and the state-machine domain. This means that during a read the
hardware has the capability to modify the receive buffer and it is also possible
that any access to the transmit-write-data register corrupts the data that is

being sent if a transmit is being performed.

However, these hazards can be avoided in software by observing the following

limitations:

(O Aread is not performed from the interrupt status register or receive-buffer
register unless the processor has been interrupted by the peripheral.

[ After the release of the Go bit in the control-and-status register, no access
to the TX-write-data buffer or the control-and-status registers is performed

until the processor has been interrupted by the peripheral.

(O Polling of the interrupt-status register is not allowed by software to

determine if an interrupt was generated.

(1 No register access can be done to the module registers after the software
puts the module in power-down mode (by setting bit 5 of the
control-and-status register to 0), except to re-enable the clock.

Table 1.  Register Memory Map Summary

Address Name Width Type
FFFB:C000 TX-write data register 8 R/W
FFFB:C004 RX-receive buffer register 8 R
FFFB:C008 Control and status register 8 R/W
FFFB:CO0C Interrupt status, read to clear register 8 R/W
Table 2. TX Write Data Register Field Descriptions

Reset

Bits Field Value Description Access Type Value

31-8 Reserved Reserved R 000000h

7-0 Data Write data R/W 00h

(Used in both the HDQ and 1-Wire
modes)
10 HDQ/1-Wire Interface SPRUG688



Table 3.  RX-Buffer Register Field Descriptions
Reset
Bits Field Value Description Access Type Value
31-8 Reserved Reserved R XXXXXXh
7-0 Data Next received character. HDQ module R XXh
uses bits 7:0. 1-Wire module uses
only bit 0.
Table 4. Interrupt Status Register Field Descriptions
Reset
Bits Field Value Description Access Type Value
31-8 Reserved Reserved. Bit is set to 1 if cause of R 000000h
interrupt. Read clears all interrupts
that have been set.
7-3 Reserved Reserved—read 0s, writes ignored R Oh
2 TX.INT TX completed R/C 0
1 RX.INT Read complete R/C 0
0 PDTO.INT Presence detect/time-out: In the R/C 0
1-Wire mode this is due to the
presence detect, and in the HDQ
mode this is due to the time-out on
read.
Table 5.  Control-and-Status Register Field Descriptions
Reset
Bits Field Value Description Access Type Value
31-8 Reserved Reserved R 000000h
7 SB 0 Byte mode for HDQ R/W 0
1 Single-bit mode for 1-Wire
6 INTEN Interrupt enable R/W 0
0 Disable interrupts
1 Enable interrupts
5 PD Power-down mode R/W 0
0 Disable clocks
1 Enable clocks
SPRU688 HDQ/1-Wire Interface 1



Table 5.  Control-and-Status Register Field Descriptions (Continued)

Reset
Bits Field Value Description Access Type Value
4 GO Go bit R/W 0
Write 1 to send the appropriate
commands.
Bit returns to 0 after the command is
complete.
3 PRES Presence detect received, 1-Wire R 0
mode only.
0 Not detected
1 Detected
2 INIT Write 1 to this bit, and set the Go bit, R/W 0

to send Initialization pulse.

Bit returns to 0 after pulse is sent.

1 R/W R/W bit (determines if next command R/W 0
is read or write)

0 Write
1 Read
0 MODE Mode R/W 0
0 HDQ
1 1-Wire

12 HDQ/1-Wire Interface SPRUG88



HDQ and 1-Wire Protocols

2 HDQ and 1-Wire Protocols

2.1

211

2111

SPRUG88

As stated earlier, the HDQ and the 1-Wire modes are selectable in software,
and this must be done before any transmit and receive from the module is
performed. The mode is assumed static during operation of the device. From
a timing perspective, both the 1-Wire and the HDQ protocols use HDQ timing.

Functional Description

The interface module is designed to work with both the HDQ and the 1-Wire
protocols. The protocols use a single wire to communicate between the master
and the slave. The protocols employ a return-to-1 mechanism, where after any
command the line is pulled up to a high. This necessitates an external pullup.

An open-drain configuration is used on the wire. Therefore, the HDQ pin only
actively drives low and goes to the high-impedance state, otherwise allowing
an external pullup resistor to pull the wire high.

The MODE bit of the control-and-status register selects whether the HDQ or
the 1-Wire protocol is to be used. This bit should not be modified during active
data cycles on the interface. Therefore, it is recommended that the bit be only
modified as part of boot-up configuration. HDQ is the default mode.

Receive and Transmit Operation

The receive and the transmit operations are performed with respect to the
timing that is specified in the HDQ protocol. This is done to keep the hardware
interface section compatible between the two devices. In essence the 1-Wire
mode runs at slower speeds than the capabilities of the mode. The differences
between the protocol at the hardware layer are described in the following
subsections.

HDQ Mode (Default)

In the HDQ mode, the firmware does not require the host to create an
initialization pulse to the slave. However, the slave can be reset using an
initialization pulse (also referred to as a break pulse). The pulse is created by
setting the appropriate bit in the control-and-status register. The slave does
not respond with a presence pulse, as it does in the 1-Wire protocol.

In a typical write to the slave, two bytes of data are sent to the slave. This is
the command/address byte followed by the data that must be written. In a
typical read, one command/address byte is sent to the slave, and the slave
returns a byte of data.

HDQ/1-Wire Interface 13



HDQ and 1-Wire Protocols

The master implementation is a byte engine. The sending of the ID,
command/address, and data is the responsibility of the firmware. The master
engine provides for only one data TX register.

HDQ is a return-to-1 protocol. This means that after a data byte (either
command/address + write data for writes, or just command/address for reads)
is sent to the slave, the host pulls the line high. This is accomplished in the
OMAP5910 device by setting the line to high (with an external pullup). The
slave pulls the line low to initiate a transaction. This is the case when a read
happens and the slave must send the read data back to the host.

If the host initiates a read and data is not received in a specified interval (the
slave does not pull the line low within this time), rather a time-out status bit is
set. This indicates that a read was not successfully completed. On successful
completion, the time-out bit is cleared. The bit remains set or cleared until the
next transaction by the host.

An interrupt condition indicates either a TX-complete, RX-complete, or
time-out condition. The read of the interrupt-status register clears all the
interrupt conditions. Only one interrupt signal is sent to the MPU and only an
overall mask bit exists for the enabling and disabling of the interrupt. Each of
the interrupt conditions cannot be individually masked.

The following sequence must be performed by the programmer for the reads
and writes to the slave:

Write operation:
1) Write the command or data value to the TX-write data register.
2) Write 0 to the R/W bit of the control-and-status register to indicate a write.

3) Write 1 to the Go bit of the control-and-status register to start the actual
transmit. Steps 2 and 3 can be done at the same time.

The following events occur after the Go bit is written:
a) The hardware sends the byte from the TX data register.

b) The time-out bit always is cleared in a write, because the hardware
has no acknowledge mechanism from the slave.

c) The completion of the operation sets the TX.NIT bit in the
interrupt-status register. If interrupts are masked, no interrupt is
generated. The interrupt-status register is always cleared at the
beginning of any read or write operation.

d) Atthe end of the write, the Go bit is cleared.

14 HDQ/1-Wire Interface SPRUG88



HDQ and 1-Wire Protocols

4) Software must read the interrupt-status register to clear the interrupt.

5) Repeat for each successive byte.

Read operation:

1) Write the command value to the TX-write data register.

2) Write 0 to R/W bit, 1 to the Go bit, and wait for the TX-complete interrupt.
3) Write 1 to the R/W bit of the control-and-status register to indicate a read.

4) Write 1 to the Go bit of the control-and-status register to start the actual
read. Steps 3 and 4 can be done at the same time.

The following events occur after the Go bit is written:

a) The hardware detects afalling edge of the line (created by the slave)
and receives 8 bits of data in the RX-receive-buffer register. The first
bit that is received from the slave is the LSB and the last bit is the MSB
of the byte. The master performs this step as soon as the slave sends
the data irrespective of the state of the Go bit. However, an
RX-complete interrupt is generated only when the Go bit is written by
the software.

b) If a time-out occurs, a time-out bit is set in the control-and-status
register.

c) The completion of the operation sets the RX.INIT bit in the
interrupt-status register. If interrupts are masked, no interrupt is
generated. The interrupt-status register is always cleared at the
beginning of either a read or a write operation.

d) At the end of the read, the Go bit is cleared. It is also cleared if a
time-out is detected.

5) Software must read the interrupt-status register, to determine if the RX
was complete or whether there was a time-out.

6) Software does a read of the RX buffer register to retrieve the read data
from the slave.

7) Repeat for each successive byte.

In the HDQ mode, the address/command is only written once to the slave.
However, after the first byte is received, if an RX-complete interrupt is
received, the software must initiate the read of the second byte by writing the
Go bit of the control-and-status register. The first byte that was received is
shadowed and provided to the software, while the hardware is fetching the
second byte of data.

SPRU688 HDQ/1-Wire Interface 15



HDQ and 1-Wire Protocols

2.1.1.2 1-Wire Mode

This section highlights the primary differences between the HDQ and the
1-Wire protocols.

In the 1-Wire mode, the firmware must send an initialization pulse to all of the
slaves connected on the interface. All slaves respond with a presence pulse.

The initialization pulse is sent by setting the init bit and the Go bit in the
control-and-status register. A presence detect is indicated in the appropriate
bit of the register. If no presence pulse is received, then a time-out bit is set in
the control-and-status register. The initialization bit is cleared at the end of the
initialization pulse. Also, the presence detect and the time-out bits are cleared
at the end of the initialization pulse, if a presence detect is received. The
time-out bit has no other significance in this mode; that is, unlike in HDQ mode,
it is always cleared during a read operation.

1-Wire mode is a bit-by-bit protocol for a read. Unlike HDQ, which sends eight
bits of data on a read, the slave must be clocked by the host in 1-Wire protocol
for each bit. At the end of the command/address byte, the line is pulled high
and the host creates a low-going edge to initiate a bit read from the slave. The
host then pulls the line high, and the slave either pulls the line low to indicate
a 0 or does not drive the line to indicate a 1. The host repeats the operation
for each bit read.

The first bit that is received is the LSB and the last bit is the MSB in the RX data
register.

An interrupt condition indicates either a TX-complete, RX-complete, or
time-out condition. The read of the interrupt-status register clears all the
interrupt conditions. Only one interrupt signal is sent to the MPU and only an
overall mask bit exists for the enabling and disabling of the interrupt. Each of
the interrupt conditions cannot be individually masked.

The following sequence must be performed by the programmer for the reads
and writes to the slave:

Write operation:
1) Write the ID, command, or data value to the TX-write data register.

2) Write O to the R/W bit of the control-and-status register to indicate a write.

16 HDQ/1-Wire Interface SPRUG688
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3)

4)

5)

HDQ and 1-Wire Protocols

Write 1 to the Go bit of the control-and-status register to start the actual
transmit. Steps 2 and 3 can be done at the same time.

The following events occur after the Go bit is written:
a) The hardware sends the one byte of the TX-write-data register.
b) The time-out bit is always cleared in a write.

c) The completion of the operation sets the TX.NIT bit in the
interrupt-status register. If interrupts are masked, no interrupt is
generated. The interrupt-status register is always cleared at the
beginning of any read or write operation.

d) Atthe end of the write, the Go bit is cleared.

If an interrupt is enabled, software must read the interrupt-status register
to clear the interrupt.

Repeat for each successive byte.

Read operation:

1)
2)
3)

Write the ID value to the TX-write data register.

Write 0 to R/W bit and 1 to the Go bit and wait for TX-complete interrupt.
Write the command value to the TX-write register.

Write 0 to R/W bit and 1 to the Go bit and wait for TX-complete interrupt.
Write 1 to the R/W bit of the control-and-status register to indicate a read.

Write 1 to the Go bit of the control-and-status register to start the actual
read. Steps 5 and 6 can be done at the same time.

The following events occur after the Go bit is written:

a) The hardware creates a falling edge of the line (created by the slave),
and clocks 8 bits of data into the RX-receive-buffer register. The first
bit that is received from the slave is the LSB and the last bit is the MSB
of the byte.

b) The time-out (PDTO-INT) bit is always cleared in a read.

c) The completion of the operation sets the RX_INT bit in the
interrupt-status register. If interrupts are masked, no interrupt is
generated. The interrupt-status register is always cleared at the
beginning of any read or write operation.

d) At the end of the read, the Go bit is cleared. It is also cleared if a
time-out is detected.

HDQ/1-Wire Interface 17



HDQ and 1-Wire Protocols

7) If interrupt is enabled, software must read the interrupt-status register to
determine if RX was completed or whether there was a time-out.

8) Software does a read of the RX buffer register to retrieve the read data
from the slave.

9) Repeat for each successive byte.

2.1.1.3 1-Wire Bit Mode Operation

A single-bit mode can be entered by writing to the SB bit in the
control-and-status register. In this mode, only one bit of data is received each
time from the slave. After the bit is received, an RX-complete interrupt is
generated. Bit 0 of the receive buffer is updated each time a bit is received.

The single-bit mode has no effect in the HDQ mode, as HDQ does not support
the single-bit protocol.

2.1.2 Timing Diagrams

Figure 2 through Figure 4 show the timing diagram for the read, reset, and
write. In the HDQ mode , the reset pulse only contains the initialization and not
the presence pulse. The timing required for the various signals are specified
in the BQ2023, Single-Wire Advanced Battery Monitor IC for Cellular and PDA
Applications (literature number SLUS480).

The master works at the timing of the HDQ interface, which encompasses the
HDQ and the 1-Wire timing. Therefore, in the 1-Wire mode, the master runs
slower than the full performance capability of the protocol.

Figure 2.  Read-Timing Diagram

Must be driven low by host for DS,
driven low by slave on HDQ

N\

\7////’ Read 1 //% \

‘4— tRSTRB —H Read 0 — tRec ——¥
&——— toop 45‘ | }
‘Q tobHo » |
< tcyce — ¥
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Figure 3.  Reset-Timing Diagram
Sent by host Sent by host

:t— trsT —br— tPp _+_ tpp —D:

| \ tRSTREC

v__

Figure 4.  Write-Timing Diagram

\ /A /4 '\
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2.1.3 Write-State Diagram

Figure 5.  Write-State Machine #1

Reset

Time out=0
Go=0

Bits sent < 8

TX
Write data

TX complete =0
Timeout=0

TX complete = 1

TX complete Time out = 0
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214 Read-State Diagram

Figure 6. Read-State Machine #1

Time out = 1 < 8 bits
Go = 1 Receiving HDQ mode
Time out, HDQ = 1

2.1.5 Status Flags

The control-and-status register contains status flags from the transmitter
(TX_INT), the receiver (RXINT), and the presence detect /time-out
(PDTO_INT) logic.

The presence condition detected status flag is contained in the
control-and-status register. This is valid only in the 1-Wire mode. It is cleared
when the host sends an initialization pulse and then is set to 1 if a pulse is
received; otherwise it stays cleared at 0.

2.1.6 Interrupts
The following interrupt status is provided by the module:

[ Transmitter complete (TX_INT)

A write of one byte was completed. Successful or unsuccessful comple-
tion is not indicated, because there is no acknowledge from the slave in
either the HDQ or 1-Wire modes. Cleared at the beginning of the write
command.

(1 Read complete (RX_INT)

Indicates successful completion of a byte read in both modes. Cleared at
the beginning of each read command.

20 HDQ/1-Wire Interface SPRUG88
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[0 Presence detect/time-out (PDTO_INT)

B In the 1-Wire mode, it indicates that it is now valid to check the
presence detect received bit. Cleared at the beginning of each
initialization sequence.

B Inthe HDQ mode, it indicates that after a read command was issued
by the host, the slave did not pull the line low within the specified time.
In the HDQ mode, the bit is cleared at beginning of each read
command.

Only one interrupt is generated to the MPU, based on any of the above
interrupt-status conditions. A read to the interrupt-status register clears all the
status bits that have been set.

The interrupt can be masked by setting the INTEN bit to ‘0’ in the
control-and-status register.

A read of the interrupt-status register clears the interrupt. If there is a pending
interrupt the interrupt line stays low and no low-high-low transition is created.
The interrupt therefore must be handled as a level interrupt (where a low-going
edge is not needed) in an upstream interrupt handler (or processor).

HDQ/1-Wire Interface 21
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2.2

22

Power-Down Mode

Writing a ’0’ to the PD bit in the control-and-status register shuts off the clock
to the state machines. The state machines are reset when the clock is
disabled, and if any transaction is being performed it is aborted into the reset
state. The register values are not affected by disabling the clock. Register
accesses are illegal after the software puts the module in power-down mode,
other than a write of a ’1’ to the PD bit to take the HDQ/1-Wire peripheral out
of power-down mode.

HDQ/1-Wire Interface SPRUG88
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