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(57) Abstract: A circuit (20) comprises an intertace (30) for communicating with another circuit (10). The interface (30) compris-
es a parallel data bus having a set of data lines (31 ) which are operable in a first data transter mode in which the set of data lines
(31 ) are used to transfer data and in a second data transfer mode in which a sub-set (32) of the data lines are used to transfer data.
A mode detection module (50) determines which of the data transter modes is in use by detecting a state of at least one of the data
lines which is only used by the first data transfer mode and detecting a state of at least one line from the sub-set of data lines. The
mode detection module (50) can detect logic values received on the data lines at a time when a command having known logic val -
ues is expected to be received over the interface and determine the data transfer mode according to which of the data lines the
known logic values are detected on.



10

15

20

WO 2010/067243 PCT/IB2009/055316

DESCRIPTION

AUTOMATIC DATA TRANSFER MODE DETECTION

This invention relates to integrated circuit devices.

There are increasing pressures to reduce the pin count of integrated circuit
devices, and interfaces connecting such devices. The Universal Serial Bus 2.0
Transceiver Macrocell Interface (UTMI) is an interface which connects a USB
transceiver to another device, such as an ASIC or a FPGA of a host or device.
The UTMI Low Pin Interface (ULPI) has been proposed as a way of implementing
the UTMI with a reduced number of connecting lines. This allows devices at
each end of the UTMI to have a reduced pin count. Examples of existing
implementations of a USB Transceiver supporting the ULPIl are given in
datasheets for NXP Semiconductor devices ISP1504 and ISP1508. It is
desirable to further reduce the pin count. Conventionally, reducing the pin count
has been at the expense of a reduced set of features. It is desirable to reduce

the pin count without sacrificing features of the integrated circuit.

Accordingly, a first aspect of the present invention provides a circuit
comprising:
- an interface for communicating with another circuit, the interface
comprising a parallel data bus having a set of data lines, wherein the interface is
operable in a first data transfer mode in which the set of data lines are used to
transfer data and in a second data transfer mode in which a sub-set of the data
lines are used to transfer data;
- a mode detection module which is arranged to determine which of the data
transfer modes is in use by detecting a state of at least one of the data lines
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which is only used by the first data transfer mode, the mode detection module
generating a configuration output indicative of the determined data transfer mode
for configuring operation of the circuit.

An advantage of the circuit detecting, by itself, which data transfer mode is
in use is that there is no need for the circuit to receive a control signal which
specifies which data transfer mode is in use. This avoids the need to provide a
pin to receive the control signal on the package housing the circuit, and this
saving in pin count can be made without a reduction in the feature-set of the
circuit. This also avoids the need to provide a connecting line to the circuit
carrying a configuration signal which instructs the circuit of the data transfer
mode. Further advantages are a saving in cost and board area. The
configuration output is used to configure operation of other modules and devices
within the circuit. The detection of the data transfer mode can be performed
without affecting the interface timing.

The detection can be made by monitoring for any activity on the data lines.
Advantageously, a particularly quick and reliable detection of the data transfer
mode can be made by the mode detection module detecting logic values
received on the data lines at a time when a command having known logic values
is expected to be received over the interface. The data transfer mode is
determined according to which data lines the known logic values are detected on.
The logic value can be signalled on a data line by a voltage value, or by a change
in voltage value.

Advantageously, the mode detection module is arranged to perform the
detection immediately following power-up.

A further aspect of the invention provides a method of operating a circuit,
the circuit comprising an interface for communicating with another circuit, the
interface comprising a parallel data bus having a set of data lines, the interface
being operable in a first data transfer mode in which the set of data lines are
used to transfer data and in a second data transfer mode in which a sub-set of
the data lines are used to transfer data, the method comprising:
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- determining which of the data transfer modes is in use by detecting a state
of at least one of the data lines which is only used by the first data transfer mode;
and,

- generating a configuration output indicative of the determined data transfer
mode for configuring operation of the circuit.

Embodiments of the invention are described in which the interface is the
UTMI Low Pin Interface (ULPI). The circuit can be a USB or a Wireless USB
(WUSB) integrated circuit. It will be appreciated that while ULPI is an
advantageous example of an interface, the invention can be more generally
applied to other types of interface which support multiple modes of operation,
with different numbers of data lines being used in the different modes.

The functionality described here can be implemented in software,
hardware or a combination of these. The invention can be implemented by
means of hardware comprising several distinct elements, and by means of a
suitably programmed processor. Accordingly, another aspect of the invention
provides a machine-readable product carrying machine-executable instructions
(software) for implementing the described functionality. The software may be
stored on an electronic memory device, hard disk, optical disk or other machine-
readable storage medium. The software may be downloaded directly to a

processing device via a network connection.

Embodiments of the present invention will now be described, by way of
example only, with reference to the accompanying drawings, in which:

Figure 1 shows a UTMI Low Pin Interface (ULPI) between a transceiver
and a host device;

Figure 2 shows SDR and DDR operation on a data line of the interface;

Figure 3 shows a mode detector within the transceiver;

Figure 4 shows data transfer of a command in SDR and DDR modes;

Figure 5 shows logic to implement the mode detector;

Figure 6 shows waveforms of the logic of Figure 5 when the SDR mode is

in use;
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Figure 7 shows waveforms of the logic of Figure 5 when the DDR mode is

in use.

Figure 1 shows an example application of an embodiment of the invention.
A USB Transceiver 20 and another device, such as a host processor 10, are
connected by a UTMI Low Pin Interface (ULPI) 30. The ULPI 30 comprises a
data bus formed by a set of data lines D7-DO0, a direction controlling line (dir),
clock (clk), and the lines stp and nxt. Transceiver 20 and host processor 10 are
each implemented as an integrated circuit. The UTMI Low Pin Interface (ULPI)
supports two data transfer modes: a first mode called Single Data Rate (SDR)
and a second mode called Dual Data Rate (DDR). The single data rate mode
toggles a data line only on a rising clock edge and uses a parallel data bus which
is 8 bits wide, i.e. it uses the set 31 of data lines D7-D0. This version of the ULPI
has eight data lines and a total of twelve lines, and is shown in Figure 1. The
dual data rate mode (DDR) toggles a data line on the rising and falling clock
edges and uses a parallel data bus which is 4 bits wide, i.e. it uses the sub-set 32
of data lines D3-D0 and does not use the data lines D7-D4. This version of the
ULPI has four data lines and a total of eight lines. Figure 2 shows a data signal
on one of the data lines in both the SDR and DDR modes of operation. In the
DDR mode each data line operates at twice the rate as a data line in SDR mode.
The two modes achieve the same overall data rate as DDR uses half as many
lines as SDR, with each line operating at twice the data rate of SDR.

The USB transceiver is capable of supporting both the SDR and DDR
modes of operation. Only one mode can be used at any time. To support both
modes of operation, the transceiver interface has eight data lines D7-D0. It is
known to dedicate a further top level pin on the transceiver device to receive a
control signal which instructs the transceiver to perform SDR or DDR operation,
but this requires an external pin on the integrated circuit package. A device of
this kind is shown in the datasheet for NXP Semiconductor device ISP1508, with
a configuration pin CFGO receiving a signal to select SDR/DDR mode. The

transceiver shown in Figures 1 and 3 improves on this by deriving a configuration
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signal CFG for itself, indicating which date rate (SDR/DDR) is being used, by
monitoring the data lines 31.

Figure 3 shows a USB transceiver 20 with a mode detector 50. The mode
detector connects to selected ones of the data lines D7-D0. Embodiments will be
described in which the mode detector 50 connects to one, two or a larger number
of the data lines. The mode detector 50 also advantageously connects to the
other lines of the interface such as clock (clk) and direction (dir). Mode detection
logic 52 detects activity on the selected data line(s) and decides, on the basis of
the detected activity, which data rate the interface is using. This allows the
transceiver 20 to determine the data rate for itself, without requiring an external
configuration input. Mode detector 50 outputs a configuration signal CFG which
indicates the detected mode, i.e. SDR or DDR. The configuration signal can be
used to configure operation of the USB transceiver circuit 20, such as configuring
which data bus lines D7-D0 the transceiver should transmit and receive on,
timing for transmit/receive operations and any other parameter which is
dependent on the data mode. The mode detector 50 can operate in one of a
number possible ways:

(i) The mode detector 50 connects to at least one of the data lines (e.g.
D7) which is only used during the SDR mode of operation. Mode detection logic
52 monitors activity on the data line. If activity is detected on the line, the
interface must be operating in the SDR mode, as this line is not used during DDR
mode. Advantageously, the detection is performed at a time when it is known
that data is received.

(i) An improvement of (i) above. The mode detector 50 connects to at
least one of the data lines (e.g. D7) which is only used during the SDR mode of
operation and also to at least one of the data lines which is used both during
SDR and DDR modes (e.g. D3). The mode detection logic 52 monitors activity
on the data lines. If activity is detected on line D7 then the interface must be
operating in the SDR mode. If activity is detected on line D3 but not on D7 then

the interface must be operating in the DDR mode.
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In options (i) and (ii) above it is possible to monitor for any activity
occurring on the monitored data lines. It is advantageous that the decision of
which data rate is being used is made as quickly and correctly as possible. A
quicker decision can be made by monitoring for logic values of a predetermined
command at a time when the command is expected to be received over the
interface, e.g. an initial command received immediately following power-up. This
feature can be combined with any of (i) or (ii). An embodiment of the mode
detector 50 will now be described which follows (ii) above and monitors for the
presence of a particular command following power-up. The mode detector 50
connects to data line D7 (i.e. a data line which is only used in SDR mode) and
data line D3 (i.e. a data line which is used during SDR and DDR mode) and looks
at selected bits of the first byte of a predetermined command received on these
lines. It will be appreciated that as the data lines form a parallel data bus, the
monitored data line, or lines, determine which bit(s) of a transferred byte are
inspected. The data lines on which the expected logic value is received
determines which data rate is in use.

Figure 4 shows data transfer in SDR and DDR modes. The set of data
lines D7-DO0 is shown. An example command is considered with the value 0X85
(= 10001010 in binary). In the SDR mode, this command will be sent in parallel
across data lines D7-D0 as a byte. In the DDR mode this command will be sent
across only data lines D3-DO0 in two nibbles. The time taken to transmit the two
nibbles in DDR mode is the same as the time taken to transmit the byte in SDR
mode. The example command shown in Figure 4 is a transmit command
(TXCMD) to perform a soft-reset, and is the first command expected to be
received from device 10 in the ULPI specification. Consider that only data lines
D7 and D3 are monitored. In the SDR mode, this command will be sent across
data lines D7-D0 with the value of D[7] = “1”. In the DDR case this command will
be sent across data lines D3-DO in two nibbles, with the value of D[3] = “1”.
Lines D[7:4] are set to 0. Accordingly, if a logic value of “1” is seen on data line
D7 and a logic value of “0” is seen on data line D3, the mode is determined to be
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SDR. If a logic value of “0” is seen on data line D7 and a logic value of “1” is
seen on data line D3, the mode is determined to be DDR.

It is possible to improve the reliability of the detection by increasing the
number of data lines which the mode detector connects to. For the example
command shown in Figure 4, data lines D7, D6, D3 and D2 can be monitored. If
the logic values “10” are seen on data lines D[7:6] the mode is determined to be
SDR whereas if the logic values “10” are seen on data lines D[3:2] the mode is
determined to be DDR.

Increasing the number of data lines which are monitored and compared
against a stored value increases the number of bits of the first command which
are compared against the stored command. All of the lines can be monitored, if
desired. It is possible to make a decision of which data rate mode (SDR/DDR) is
in use after receiving just the first byte of the first command.

An implementation of the invention applied to the ULPI interface will now
be described in more detail. Immediately following power-up a USB transceiver
waits to receive commands from device 10 on the ULPI interface 30. Data lines
D7 and D3, or D7, D6, D3 and D2 are monitored as described above. The signal
DIR is also defined in the ULPI specification. It is an output signal from the USB
transceiver to indicate the data bus direction. Only when DIR is low, device 10
can drive TXCMD. Advantageously, the line “dir” is also connected to the
detection circuit so that the detection of the values on data lines D7, D6, D3, D2
is performed after signal DIR has changed to allow the device 10 to transmit.
Detecting the data values D[7:6] = “10” on lines D7, D6 indicates that SDR is in
use. Detecting the data values D[3:2] = “10” on lines D3, D2 and detecting the
data values D[7:6] = “00” on lines D7, D6 indicates that DDR is in use. It is also
advantageous that the data lines D[7:0] of the USB transceiver 20 should be pull
down enabled after power up and before the end of the rate detection. This is to
prevent unknown status on the data bus when both sides are not driving the data
bus. After the SDR/DDR detection, the USB transceiver 10 can remove the pull
down on its data bus and both USB transceiver 20 and other device 10 are in

normal functional status.
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A more detailed embodiment of logic to perform the rate detection is
shown in Figure 5 and waveforms showing operation of the circuit are shown in
Figures 6 and 7. Pull down enable on the data bus is not shown in these figures.

The inputs to the logic circuit are: Dir_d (direction of data transmission);
D7 _d,D6_d, D3 _d and D2_d (data lines of the data bus). The default mode of
the USB transceiver is DDR. This is because there is some time margin in SDR
case and DDR is very timing stringent.

If there is ‘1’ on “HIGH BITS”, it means that device 10 is performing SDR.
The value of “HIGH BITS” is latched by DFF1. At the same time, the result of
“‘LOW BITS” is also latched by DFF2. The outputs of M2 and M4 are decoded as
shown in Table 1 to generate an internal configuration signal CFG which has a
value of “1” to denote DDR and a value of “0” to denote SDR.

Module 63 detects when the first TXCMD command is received on the
interface, following power up and outputs a signal EN which is applied to other
modules. Note, that module 63 only indicates when the first command is
received. Module 61 checks whether the first command has the required logic
values. Module 61 generates outputs “HIGH BITS” and “LOW BITS” which
indicate when logic values on the data lines D7, D6, D3, D2 meets values of the
first expected command. Module 62 latches logic values and decodes a set of
inputs to generate the output CFG which indicates whether the data rate is SDR
or DDR.

At power up, Dir_d and EN both are high. Logic0 goes through M1 and
M2, Logic1 goes through M3 and M4. This forces the decoder to default to the
mode of DDR. Signal EN denotes when the first TXCMD is received over the
interface. EN changes to ‘0" when the first TXCMD is received. After that, EN
will not change anymore.

After Dir_d goes low, “HIGH BITS” and “LOW BITS” go through AND1 and
M5. As long as a ‘1’ happens at AND1.0 (indicating that a high value has been
received on at least one of the monitored data lines), DFF3.D will be “1” and it will
be latched on DFF3. EN goes to 0 immediately and M5 picks up the output of
DFF3.Q, then DFF3 and M5 enter Latch mode. EN will not change anymore
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even when there are changes on Dir_d, “HIGH BITS” and “LOW BITS”. “HIGH
BITS” goes through M1 and M2 when Dir_d is ‘0’ and EN is ‘1. “LOW BITS”
goes through M3 and M4 when Dir_d is ‘0" and EN is “1°. “HIGH BITS” and “LOW
BITS” will be captured by DFF1 and DFF2 at the falling edge of CIk6OMHz. If
“‘HIGH BITS” or “LOW BITS” changes, EN will change from ‘1’ to ‘0’. M2 and M4
will pick up values from DFF1 and DFF2 other than “HIGH BITS” and “LOW
BITS”. M2, DFF1 and M4, DFF2 will enter latch mode. This means the value of
M2.0 and M4.0 will not be changed anymore by “HIGH BITS” and “LOW BITS”
unless PoR_n changes to ‘0’. The signal Power on Reset (PoR) initialises all of
the flip-flops in this circuit to be in a default value, for example, to initialize the
detection to be in DDR mode and EN to be “1".

The operation of the Decoder block is described by Table 1. In Table 1,
outputs M2.0, M4.0 = “01” from multiplexers M2, M4 indicate DDR operation.
This means that the logic values of the first command were not found on the data
lines D7, D6 and the expected logic values of the first command were found on
the data lines D3, D2. Outputs M2.0, M4.0 = “10” indicate a SDR operation.
This means the expected logic values of the first command were found on the
data lines D7, D6 and a logic value of “0” was found on the data lines D3, D2.
Outputs M2.0, M4.0 = “11” indicate a SDR operation. This means the expected
logic values of the first command were found on the data lines D7, D6 and a logic
value of “1” was found on the data lines D3, D2. In this circuit, the condition
where outputs M2.0, M4.0 = “00” is an impossible status.

M2.0 M4.0 CFG MODE
0 1 1 DDR
1 0 0 SDR
1 1 0 SDR

Table 1 - CFG Decoding

If nothing happens on the data bus, “HIGH BITS” and “LOW BITS” both
are “00”, M2.0 and M4.0 are “01” and the USB transceiver is in the default DDR
mode. When the first TXCMD is received, if it is a DDR command, CFG will not
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change. If the first TXCMD is a SDR command, CFG will change to ‘0’ (switching
the transceiver into SDR mode) in a very short time (some gates delay). It can
be seen that this detection scheme allows the USB transceiver to be set into
SDR/DDR mode without significant interface timing influence.

It should be noted that the above-mentioned embodiments illustrate rather
than limit the invention, and that those skilled in the art will be able to design
many alternative embodiments without departing from the scope of the appended
claims. In the claims, any reference signs placed between parentheses shall not
be construed as limiting the claim. The words "comprising" and "including" do
not exclude the presence of other elements or steps than those listed in the
claim. Where the system/device/apparatus claims recite several means, several
of these means can be embodied by one and the same item of hardware.

The various illustrative logical blocks, modules, circuits, and algorithm
steps described above may be implemented as electronic hardware, as software
modules executed by a processor, or as combinations of both. The various
illustrative logical blocks, modules, and circuits described in connection with the
embodiments disclosed herein may be implemented or performed with a general
purpose processor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination designed to perform the described functions.

In the description above, and with reference to the Figures, there is
described a method and apparatus for circuit 20 comprises an interface 30 for
communicating with another circuit 10. The interface 30 comprises a parallel
data bus having a set of data lines 31 which are operable in a first data transfer
mode in which the set of data lines 31 are used to transfer data and in a second
data transfer mode in which a sub-set 32 of the data lines are used to transfer
data. A mode detection module 50 determines which of the data transfer modes
is in use by detecting a state of at least one of the data lines which is only used
by the first data transfer mode and detecting a state of at least one line from the
sub-set of data lines. The mode detection module can detect logic values
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received on the data lines at a time when a command having known logic values
is expected to be received over the interface and determine the data transfer
mode according to which of the data lines the known logic values are detected

on.
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CLAIMS:

1. A circuit comprising:

- an interface for communicating with another circuit, the interface
comprising a parallel data bus having a set of data lines, wherein the interface is
operable in a first data transfer mode in which the set of data lines are used to
transfer data and in a second data transfer mode in which a sub-set of the data
lines are used to transfer data;

- a mode detection module which is arranged to determine which of the data
transfer modes is in use by detecting a state of at least one of the data lines
which is only used by the first data transfer mode, the mode detection module
generating a configuration output indicative of the determined data transfer mode

for configuring operation of the circuit.

2. A circuit according to claim 1 wherein the mode detection module is
arranged to determine the data transfer mode by detecting a state of at least one
of the data lines which is only by the first data transfer mode and by detecting a

state of at least one line from the sub-set of data lines.

3. A circuit according to claim 2 wherein the mode detection module is
arranged to:
detect logic values received on the data lines at a time when a command
having known logic values is expected to be received over the interface;
determine the data transfer mode according to which of the data lines the

known logic values are detected on.

4. A circuit according to claim 3 wherein the mode detection module is

arranged to:
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determine that the second data transfer mode is in use if the expected
logic values are detected on the sub-set of data lines, and the expected logic
values are not detected on at least one of the data lines which are only used

when operating in the first data transfer mode.

5. A circuit according to claim 3 or 4 wherein the mode detection module is
arranged to perform the detection immediately following power-up.

6. A circuit according to any one of claims 3 to 5 wherein the mode detection
module is further arranged to detect when a direction of communication signal
changes to allow a first command to be received over the interface and

performing the detection on the next received command.

7. A circuit according to any one of the preceding claims wherein in the
second data transfer mode, the data rate on each data line is double the data

rate on each data line in the first data transfer mode.

8. A circuit according to any one of the preceding claims wherein the mode
detection module is further arranged to pull down the data lines when performing

the detection.

9. A circuit according to any one of the preceding claims wherein the
interface is a UTMI Low Pin Interface.

10. A circuit according to any one of the preceding claims in the form of a USB

transceiver.

11.  Anintegrated circuit package comprising the circuit according to any one
of the preceding claims.
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12. A method of operating a circuit, the circuit comprising an interface for
communicating with another circuit, the interface comprising a parallel data bus
having a set of data lines, the interface being operable in a first data transfer
mode in which the set of data lines are used to transfer data and in a second
data transfer mode in which a sub-set of the data lines are used to transfer data,
the method comprising:

- determining which of the data transfer modes is in use by detecting a state
of at least one of the data lines which is only used by the first data transfer mode;
and,

- generating a configuration output indicative of the determined data transfer

mode for configuring operation of the circuit.

13. A method according to claim 12 wherein the step of determining which of
the data transfer modes is in use detects a state of at least one of the data lines
which is only used by the first data transfer mode and detects a state of at least

one line from the sub-set of data lines.

14. A method according to claim 13 wherein the step of determining which of
the data transfer modes is in use detects logic values received on the data lines
at a time when a command having known logic values is expected to be received
over the interface;

determine the data transfer mode according to which of the data lines the

known logic values are detected on.

15.  Machine-executable instructions which, when executed by a processor,
cause the processor to perform the method of any one of claims 12 to 14.
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