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Description
Title of Invention: RECEPTION DEVICE, TRANSMISSION
DEVICE, COMMUNICATION SYSTEM, SIGNAL RECEPTION
METHOD, SIGNAL TRANSMISSION METHOD, AND COMMU-
NICATION METHOD

Cross Reference to Related Applications

[0001]  This application claims the benefit of Japanese Priority Patent Application JP
2016-084406 filed April 20, 2016, the entire contents of each which is incorporated
herein by reference.

Technical Field

[0002]  The present disclosure relates to a reception device, a transmission device, a commu-
nication system, a signal reception method, a signal transmission method, and a com-
munication method that each are applied to transmission of a data signal and a clock
signal.

Background Art

[0003]  Inrecent years, in association with increasing capacity of image data handled by
mobile devices such as smartphones and camera devices, higher speed and lower
power consumption of data transmission in a device or between different devices have
been in demand. In order to meet such demands, standardization of high-speed
interface specifications has been promoted. Examples of the high-speed interface spec-
ifications may include the C-PHY specification and the D-PHY specification that have
been developed as connection interface specifications for mobile devices and camera
devices by the Mobile Industry Processor Interface (MIP]) alliance. The C-PHY speci-
fication and the D-PHY specification are interface specifications for communication
protocol physical layers (PHY). Moreover, a display serial interface (DSI) for mobile
device display or a camera serial interface (CIS) for camera device is provided as an

upper protocol layer of the C-PHY specification or the D-PHY specification.
Citation List

Patent Literature
[0004] PTL 1: Japanese Unexamined Patent Application Publication (Published Japanese
Translation of PCT Application) No. JP 2014-522204
Summary
Technical Problem
[0005]  In the above-described specifications such as the D-PHY specification, it may be

expected that a plurality of communication modes will be mixed in each of a blanking
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[0007]

[0008]

[0009]

period and a substantial data signal transmission period in future. Accordingly, it may

be necessary to discriminate the plurality of communication modes.
It is therefore desirable to provide a reception device, a transmission device, a com-

munication system, a signal reception method, a signal transmission method, and a
communication method that each make it possible to easily discriminate a plurality of

communication modes.

Solution to Problem

A reception device according to an embodiment of the present disclosure includes a
data signal receiver circuit, a clock signal receiver circuit, and a discrimination circuit.
The data signal receiver circuit receives a data signal through a data signal line, and
receives a data blanking signal through the data signal line in a blanking period of the
data signal. The clock signal receiver circuit that receives a clock signal and a clock
blanking signal through a clock signal line, the clock blanking signal outputted in syn-
chronization with the blanking period of the data signal. The discrimination circuit dis-
criminates communication modes on a basis of one or both of a signal value of the data
blanking signal and a signal value of the clock blanking signal.

A transmission device according to an embodiment of the present disclosure includes
a data signal transmitter circuit, a clock signal transmitter circuit, and a blanking
controller. The data signal transmitter circuit outputs a data signal to a data signal line,
and outputs a data blanking signal through the data signal line in a blanking period of
the data signal. The clock signal transmitter circuit that outputs a clock signal to a
clock signal line, and outputs a clock blanking signal, in place of the clock signal, in
synchronization with the blanking period of the data signal. The blanking controller
controls one or both of a signal value of the data blanking signal and a signal value of
the clock blanking signal to a value that enables discrimination of communication
modes.

A communication system according to an embodiment of the present disclosure
includes a transmission device and a reception device. The transmission device
includes a data signal transmitter circuit, a clock signal transmitter circuit and a
blanking controller. The data signal transmitter circuit outputs a data signal to a data
signal line, and outputs a data blanking signal through the data signal line in a blanking
period of the data signal. The clock signal transmitter circuit outputs a clock signal to a
clock signal line, and outputs a clock blanking signal, in place of the clock signal, in
synchronization with the blanking period of the data signal. The blanking controller
controls one or both of a signal value of the data blanking signal and a signal value of
the clock blanking signal to a value that enables discrimination of communication

modes. The reception device includes a data signal receiver, a clock signal receiver
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circuit, and a discrimination circuit. The data signal receiver circuit receives the data
signal and the data blanking signal through the data signal line. The clock signal
receiver circuit receives the clock signal and the clock blanking signal through the
clock signal line. The discrimination circuit discriminates the communication modes
on a basis of one or both of the signal value of the data blanking signal and the signal
value of the clock blanking signal.

A signal reception method according to an embodiment of the present disclosure
includes: receiving a data signal through a data signal line, and receiving a data
blanking signal through the data signal line in a blanking period of the data signal;
receiving a clock signal and a clock blanking signal through a clock signal line, the
clock blanking signal outputted in synchronization with the blanking period of the data
signal; and discriminating communication modes on a basis of one or both of a signal
value of the data blanking signal and a signal value of the clock blanking signal.

A signal transmission method according to an embodiment of the present disclosure
includes: outputting a data signal to a data signal line, and outputting a data blanking
signal through the data signal line in a blanking period of the data signal; outputting a
clock signal to a clock signal line, and outputting a clock blanking signal, in place of
the clock signal, in synchronization with the blanking period of the data signal; and
controlling one or both of a signal value of the data blanking signal and a signal value
of the clock blanking signal to a value that enables discrimination of communication
modes.

A communication method according to an embodiment of the present disclosure
includes: outputting a data signal to a data signal line, and outputting a data blanking
signal through the data signal line in a blanking period of the data signal; outputting a
clock signal to a clock signal line, and outputting a clock blanking signal, in place of
the clock signal, in synchronization with the blanking period of the data signal; con-
trolling one or both of a signal value of the data blanking signal and a signal value of
the clock blanking signal to a value that enables discrimination of a communication
mode; receiving the data signal and the data blanking signal through the data signal
line; receiving the clock signal and the clock blanking signal through the clock signal
line; and discriminating the communication modes on a basis of one or both of the
signal value of the data blanking signal and the signal value of the clock blanking
signal.

In the reception device or the communication system according to the embodiment of
the present disclosure, or the signal reception method or the communication method
according to the embodiment of the present disclosure, the communication modes are
discriminated on the basis of one or both of the signal value of the data blanking signal

and the signal value of the clock blanking signal.
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In the transmission device or the communication system according to the em-
bodiment of the present disclosure or the signal transmission method or the commu-
nication method according to the embodiment of the present disclosure, one or both of
the signal value of the data blanking signal and the signal value of the clock blanking
signal are controlled to a value that enables discrimination of the communication
modes.

Advantageous Effects of Invention

According to the reception device, the communication system, the signal reception
mode, and the communication method of the respective embodiments of the present
disclosure, the communication modes are discriminated on the basis of one or both of
signal value of the data blanking signal and the signal value of the clock blanking
signal, which makes it possible to easily discriminate a plurality of communication
modes.

According to the transmission device, the communication system, the signal
transmission method, and the communication method of the respective embodiments
of the present disclosure, one or both of the signal value of the data blanking signal and
the signal value of the clock blanking signal are controlled to a value that enables dis-
crimination of the communication modes, which makes it possible to easily dis-
criminate a plurality of communication modes.

Note that effects described here are non-limiting. Effects achieved by the technology
may be one or more of effects described in the disclosure.

It is to be understood that both the foregoing general description and the following
detailed description are exemplary, and are provided to provide further explanation of
the technology as claimed.

Brief Description of Drawings

The accompanying drawings are included to provide a further understanding of the
technology, and are incorporated in and constitute a part of this specification. The
drawings illustrate embodiments and, together with the specification, serve to explain
the principles of the technology.

[fig.1]Fig. 1 is a block diagram illustrating an outline of a communication system that
transmits a data signal and a clock signal.

[fig.2]Fig. 2 is a block diagram illustrating a configuration example of a commu-
nication system according to a comparative example that implements the commu-
nication system illustrated in Fig. 1.

[fig.3]Fig. 3 is a circuit diagram illustrating a specific circuit configuration example of
the communication system illustrated in Fig. 2.

[fig.4]Fig. 4 is an explanatory diagram illustrating an example of respective signal
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waveforms to be transmitted on a clock lane and a data lane in the communication
system illustrated in Fig. 2.

[fig.5]Fig. 5 is a block diagram illustrating an outline of a communication system
according to a first embodiment of the present disclosure.

[fig.6]Fig. 6 is a circuit diagram illustrating a specific circuit configuration example of
the communication system according to the first embodiment.

[fig.7]Fig. 7 is an explanatory diagram illustrating an example of a communication
mode (a blanking mode) in a blanking period.

[fig.8]Fig. 8 is an explanatory diagram illustrating an example of a frame structure of
image data.

[fig.9]Fig. 9 is an explanatory diagram illustrating a first example of respective signal
waveforms to be transmitted on a clock lane and a data lane in the communication
system according to the first embodiment.

[fig.10]Fig. 10 is an explanatory diagram illustrating a second example of respective
waveforms to be transmitted on the clock lane and the data lane in the communication
system according to the first embodiment.

[fig.11]Fig. 11 is an explanatory diagram of a differential signal value.

[fig.12]Fig. 12 is a block diagram illustrating an outline of a communication system
according to a second embodiment.

[fig.13]Fig. 13 is a block diagram illustrating a specific application example of the
communication system according to the second embodiment.

[fig.14]Fig. 14 is a flow chart illustrating an example of a data transmission process in
the application example illustrated in Fig. 13.

[fig.15]Fig. 15 is an explanatory diagram illustrating an example of data signal com-
munication modes (data transmission modes).

[fig.16]Fig. 16 is an explanatory diagram illustrating a first example of respective
waveforms to be transmitted on a clock lane and a data lane in a communication
system according to a third embodiment.

[fig.17]Fig. 17 is an explanatory diagram illustrating an example of a method of dis-
criminating communication modes in the first example illustrated in Fig. 16.
[fig.18]Fig. 18 is an explanatory diagram illustrating a second example of respective
waveforms to be transmitted on the clock lane and the data lane in the communication
system according to the third embodiment.

[fig.19]Fig. 19 is an explanatory diagram illustrating an example of a method of dis-
criminating communication modes in the second example illustrated in Fig. 18.
[fig.20]Fig. 20 is an explanatory diagram illustrating a third example of respective
waveforms to be transmitted on the clock lane and the data lane in the communication

system according to the third embodiment.
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[fig.21]Fig. 21 is an explanatory diagram illustrating an example of a method of dis-
criminating communication modes in the third example illustrated in Fig. 20.
[fig.22]Fig. 22 is a perspective view of an example of an appearance configuration of a
smartphone to which any of the communication systems according to the respective
embodiments is applied.
[fig.23]Fig. 23 is a block diagram illustrating a configuration example of an application
processor to which any of the communication systems according to the respective em-
bodiments is applied.
[fig.24]Fig. 24 is a block diagram illustrating a configuration example of an image
sensor to which any of the communication systems according to the respective em-
bodiments is applied.
[fig.25]Fig. 25 is an explanatory diagram illustrating an installation example of a
vehicle-mounted camera to which any of the communication systems according to the
respective embodiments is applied.
[fig.26]Fig. 26 is a block diagram illustrating a configuration example of the vehicle-
mounted camera to which any of the communication systems according to the re-
spective embodiments is applied.
Description of Embodiments

Some embodiments of the present disclosure are described in detail below with
reference to the accompanying drawings. It is to be noted that description is given in
the following order.

0. Communication System Using LP Signal and HS Differential Signal (Comparative
example) (Figs. 1 to 4)

1. First Embodiment (Communication system having a blanking mode discriminating
function and using only an HS differential signal) (Figs. 5 to 11)

2. Second Embodiment (Communication system that enables switching between an
LP signal and an HS differential signal) (Figs. 12 to 14)

3. Third Embodiment (Communication system having a data transmission mode dis-
criminating function) (Figs. 16 to 21)

4. Application Examples

4.1 First Application Example (Figs. 22 to 24)

4.2 Second Application Example (Figs. 25 and 26)

5. Other Embodiments

<0. Communication System Using LP Signal and HS Differential Signal>

In general, in the C-PHY specification and the D-PHY specification, a high speed
(HS) differential signal is used for substantial data signal transmission. Moreover, a

low power (LP) signal is used for blanking periods of a clock signal and a data signal.
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The HS differential signal and the LP signal are transmitted on a common transmission
path. For example, in the D-PHY specification, one transmission path (clock lane)
where the clock signal is transmitted and one or more transmission paths (data lanes)
where the data signal is transmitted may be provided. A signal transmission period on
each of the clock lane and the data lane includes a period in which transmission using
the HS differential signal is performed and a period in which transmission using the LP
signal is performed. On each of the clock lane and the data lane, the HS differential
signal and the LP signal are transmitted on the common transmission path. However,
the LP signal is not a differential signal but a single-ended signal, and is different in
voltage value necessary for signal transmission from the HS differential signal. Hence,
a circuit for transmission and reception of the HS differential signal and a circuit for
transmission and reception of the LP signal are necessary independently.

First, description is given of an outline of a communication system using the LP
signal and the HS differential signal as a comparative example before description of
communication systems according to embodiments of the present disclosure.

Fig. 1 illustrates an outline of a communication system supporting a communication
interface by, for example, the C-PHY specification or the D-PHY specification. The
communication system illustrated in Fig. 1 includes a transmitter TX and a receiver
RX. Moreover, the communication system includes a clock lane CL and a data lane DL
that are provided across the transmitter TX and the receiver RX. The clock lane CL
allows a clock signal to be transmitted thereon. The data lane DL allows, for example,
a data signal such as image data to be transmitted thereon. It is to be noted that Fig. 1
illustrates an example in which four data lanes LD1, DL2, DL3, and DL4 are provided
as the data lanes DL; however, the number of data lanes is not limited thereto, and only
one data lane DL1 may be provided.

The transmitter TX includes a transmission digital circuit TX-DIGITAL and a
transmission analog circuit TX-ANALOG. For example, a 16-bit or 8-bit parallel
signal may be transmitted between the transmission digital circuit TX-DIGITAL and
the transmission analog circuit TX-ANALOG.

The receiver RX includes a reception digital circuit RX-DIGITAL and a reception
analog circuit RX-ANALOG. For example, a 16-bit or 8-bit parallel signal may be
transmitted between the reception analog circuit RX-ANALOG and the reception
digital circuit RX-DIGITAL on each of the data lanes DL1, DL.2, DL.3, and DL4. For
example, a 2-bit serial signal may be transmitted between the reception analog circuit
RX-ANALOG and the reception digital circuit RX-DIGITAL on the clock lane CL.

The transmission analog circuit TX-ANALOG and the reception analog circuit RX-
ANALOG are coupled to each other by a clock signal line 30 on the clock lane CL.

The clock signal line 30 allows a differential clock signal to be transmitted
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therethrough. The transmission analog circuit TX-ANALOG and the reception analog
circuit RX-ANALOG are coupled to each other by data signal lines 31, 32, 33, and 34
on the data lanes DL.1, DL2, DL3, and DLA4, respectively. Each of the data signal lines
31, 32, 33, and 34A allows a differential data signal to be transmitted therethrough.
Each of the clock signal line 30 and the data signal lines 31, 32, 33, and 34 includes a
pair of a positive signal line Dp and a negative signal line Dn through which a dif-
ferential signal is transmitted. For example, a 2-bit serial signal may be transmitted
through each of the clock signal line 30 and the data signal lines 31, 32, 33, and 34.

Fig. 2 illustrates a configuration example of a communication system according to a
comparative example that implements the communication system illustrated in Fig. 1.
It is to be noted that Fig. 2 illustrates only one data lane DL1 as the data lane DL in
Fig. 1; however, the other data lanes DL2, DL3, and DL4 may have a configuration
substantially similar to that of the data lane DL1.

The communication system according to this comparative example includes a
transmitter 101 and a receiver 102. The transmitter 101 and the receiver 102 re-
spectively correspond to the transmitter TX and the receiver RX in Fig. 1.

On the clock lane CL, the transmitter 101 includes a CL-HS circuit 111 that
processes the HS differential signal and a CL-LP circuit 112 that processes the LP
signal. On the data lane DL1, the transmitter 101 includes a DL-HS circuit 113 that
processes the HS differential signal and a DL-LP circuit 114 that processes the LP
signal.

On the clock lane CL, the receiver 102 includes a CL-HS circuit 121 that processes
the HS differential signal and a CL-LP circuit 122 that processes the LP signal. On the
data lane DL1, the receiver 102 includes a DL-HS circuit 123 that processes the HS
differential signal and a DL-LP circuit 124 that processes the LP signal.

Fig. 3 illustrates a specific circuit configuration example of the communication
system according to the comparative example illustrated in Fig. 2. Moreover, Fig. 4 il-
lustrates an example of respective signal waveforms to be transmitted on the clock lane
CL and the data lane DL1 in the communication system according to the comparative
example illustrated in Fig. 2.

In the communication system according to the comparative example, a status of a
signal to be outputted from the transmitter 101 to the clock signal line 30 on the clock
lane CL has a high speed state (HSP) period and a low power state (LPS) period, as il-
lustrated in Fig. 4. In the HSP period, the signal is in a state of being transmitted in the
form of the HS differential signal. In the LPS period, the signal is in a state of being
transmitted in the form of the LP signal. A substantial clock signal is outputted in the
form of the HS differential signal in the HPS period.

Likewise, a status of a signal to be outputted from the transmitter 101 to the data
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signal line 31 on the data lane CL has a high speed state (HSP) period and a low power
state (LPS) period. In the HSP period, the signal is in a state of being transmitted in the
form of the HS differential signal. In the LPS period, the signal is in a state of being
transmitted in the form of the LP signal. A substantial data signal is outputted in the
form of the HS differential signal in the HPS period. It is to be noted that a substantial
data signal portion is represented by "HST". Moreover, the HPS period may include,
for example, a TRAIL period Tys tran and a SYNC (synchronization) period Tys sync-
A blanking period not including the substantial data signal portion is included in the
LPS period. The substantial data signal may be outputted in a byte unit, for example.

The communication system includes a crystal oscillator (XTAL) 82, a PLL circuit
81, and a crystal oscillator (XTAL) 83, as illustrated in Fig. 3. The crystal oscillator
(XTAL) 82 and the PPL circuit 81 each supply the clock signal to respective circuit
sections in the transmitter 101. The crystal oscillator (XTAL) 83 supplies the clock
signal to respective circuit sections in the receiver 102.

The CL-HS circuit 111 includes an HS state machine (HS FSM) 51, a selector 52, a
parallel-serial (PS) conversion circuit 53, a clock frequency divider (DIV) 54, and an
HS driver (HS DRYV) 55. The selector 52 selectively outputs a Toggle signal, a signal
with a value of 0 (ALLO), and a signal with a value of 1 (ALL1). The Toggle signal
may be an 8-bit clock signal (1010_1010), for example.

The CL-LP circuit 112 includes an LP state machine (LP FSM) 41, an LP encoder
(LP ENC) 42, and an LP driver (LP DRV) 43. A clock lane control signal is inputted to
the LP state machine 41.

The DL-HS circuit 113 includes an HS state machine (HS FSM) 71, a selector 72, a
parallel-serial (PS) conversion circuit 73, and an HS driver (HS DRV) 74. A data
transmission ready signal TxReadyHS is outputted from the HS state machine 71. The
selector 72 selectively outputs transmission data TxDataHS, a synchronization code
signal SYNC, the signal with a value of 0 (ALLO), and the signal with a value of 1
(ALLI).

The DL-LP circuit 114 includes an LP state machine (LP FSM) 61, an LP encoder
(LP ENC) 62, and an LP driver (LP DRV) 63. A data transmission request signal
TxRequestHS is inputted to the LP state machine 61.

It is to be noted that the LP driver 43, the HS driver 55, the LP driver 63, and the HS
driver 74 in the transmitter 101 correspond to the transmission analog circuit TX-
ANALOG in Fig. 1.

The CL-HS circuit 121 includes a termination circuit (TERM) 56 serving as a clock
signal termination circuit, an HS receiver (HS RCV) 57, and a clock frequency divider
(DIV) 58. The termination circuit 56 includes a terminator.

The CL-LP circuit 122 includes an LP receiver (LP RCV) 44, an LP decoder (LP
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DEC) 45, and an LP state machine (LP FSM) 46. The LP state machine 46 outputs a
status signal of the clock lane CL.

The DL-HS circuit 123 includes a termination circuit (TERM) 75 serving as a data
signal termination circuit, an HS receiver (HS RCV) 76, a clock frequency divider
(DIV) 77, and a word alignment correction circuit (ALN) 78. The termination circuit
75 includes a terminator. The word alignment correction circuit (ALN) 78 outputs a
reception synchronization signal RxSyncHS, a reception valid signal RxValidHS, and
reception data RxDataHS.

The DL-LP circuit 124 includes an LP receiver (LP RCV) 64, an LP decoder (LP
DEC) 65, and an LP state machine (LP FSM) 66. The LP state machine 66 outputs a
reception active signal RxActiveHS.

It is to be noted that mainly the LP receiver 44, the termination circuit 56, the HS
receiver 57, the LP receiver 64, the termination circuit 75, and the HS receiver 76 in
the receiver 102 correspond to the reception analog circuit RX-ANALOG in Fig. 1.

<1. First Embodiment>

Next, description is given of a first embodiment of the present disclosure.
Hereinafter, description of configurations and workings substantially similar to those
in the foregoing comparative example is omitted.

Fig. 5 illustrates an outline of a communication system according to the first em-
bodiment of the present disclosure that implements the communication system il-
lustrated in Fig. 1. Fig. 6 illustrates a specific circuit configuration example of the
communication system illustrated in Fig. 5. It is to be noted that Fig. 5 and other
drawings illustrate only one data lane DL1 as the data lane DL in Fig. 1; however, the
other data lanes DL2, DL3, and DL4 may have a configuration substantially similar to
that of the data lane DL1.

The communication system according to the present embodiment includes a
transmitter 1 (a transmission device) and a receiver 2 (a reception device). The
transmitter 1 and the receiver 2 respectively correspond to the transmitter TX and the
receiver RX in Fig. 1. The transmitter 1 includes a blanking controller 20.

The communication system according to the comparative example illustrated in Figs.
2 to 4 uses a communication mode in which an LP signal having a voltage of about 1.3
V is outputted in the blanking periods of the clock signal and the data signal. However,
it has become difficult to keep this voltage in association with advances in semi-
conductor process.

Accordingly, in the communication system according to the present embodiment, on
the clock lane CL, all signals to be outputted from the transmitter 1 to the clock signal
line 30 including the blanking period are HS differential signals only. Likewise, on the

data lane DL1, all signals to be outputted from the transmitter 1 to the data signal line
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31 including the blanking period are HS differential signals only.

[0048]  Moreover, the communication system according to the present embodiment has a
plurality of communication modes (blanking modes) in the blanking period.

[0049]  Fig. 7 illustrates an example of blanking modes in the present embodiment. In the
present embodiment, examples of the blanking modes may include a first blanking
mode in which a transmission period is relatively short and a second blanking mode in
which a transmission period is relatively long.

[0050]  The first blanking mode is a communication (Latency Reduction Transport Ef-
ficiency: LRTE) mode in which a blanking interval is minimized. In the LRTE mode,
the transmission period has a fixed length. Moreover, the LRTE mode is a mode in
which termination control is not performed (on-off switching of a terminator is not
performed).

[0051] The second blanking mode is a communication (Alternate LP: ALP) mode suitable
for a long blanking period. In the ALP mode, the transmission period has a variable
length. Moreover, the ALP mode is a mode in which it is possible to perform ter-
mination control (on-off switching of the terminator is possible).

[0052]  Fig. 8 illustrates an example of a frame structure of image data to be transmitted in
the communication system according to the present embodiment. Fig. 8 illustrates a
frame structure of two frames of image data. A header of the frame is referred to as
"FS (frame start)", and a footer of the frame is referred to as "FE (frame end)". An
interval between the two frames is a frame blanking period (vertical blanking period)
Vb. In one frame, a header of one horizontal period is referred to as "packet header",
and a footer of the one horizontal period is referred to as "PF (packet footer)".

[0053] A data signal may be inserted into a horizontal blanking period Hb. Examples of the
data signal may include a phase difference detection data PDAF (Phase Detection
Auto-Focus) used for phase-difference auto-focusing. In the horizontal blanking period
Hb, a period Hb1 excluding a period Hb2 into which the data signal such as PDAF
(Phase Detection Auto-Focus) is inserted is a substantial horizontal blanking period. In
this case, the horizontal blanking period Hb1 is extremely short. Accordingly, in the
communication system according to the present embodiment, the first blanking mode
(the LRTE mode) is suitable as the blanking mode for communication in the horizontal
blanking period Hbl. Moreover, the second blanking mode (the ALP mode) is suitable
for communication in the vertical blanking period Vb.

[0054]  In a case in which a plurality of communication modes are mixed in the blanking
period in such a manner, it is necessary to discriminate the plurality of communication
modes in the receiver 2. One possible discrimination technique is to measure a length
of a period in which the clock signal is stopped. However, in this case, it is necessary

to prepare a counter in the receiver 2.
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Accordingly, the present embodiment makes it possible to discriminate the plurality
of communication mode without using the counter. In the present embodiment, in the
transmitter 1, the blanking controller 20 may control, depending on the communication
modes, a signal value of a data blanking signal and a signal value of a clock blanking
signal to, for example, values that enable discrimination of the communication modes
as illustrated in Figs. 9 and 10 to be described later. Moreover, in the receiver 2, a
clock state discrimination circuit 59 (Fig. 6) to be described later may discriminate the
communication modes with reference to, for example, values illustrated in Figs. 9 and
10 to be described later.

Fig. 9 illustrates a first example of respective signal waveforms to be transmitted on
the clock lane CL and the data lane DL1 in the communication system according to the
present embodiment. Fig. 9 illustrates an example in which the communication mode
in the blanking period is the first blanking mode (the LRTE mode).

Fig. 10 illustrates a second example of respective signal waveforms to be transmitted
on the clock lane CL and the data lane DL1 in the communication system according to
the present embodiment. Fig. 10 illustrates an example in which the communication
mode in the blanking period is the second blanking mode (the ALP mode).

It is to be noted that a substantial data signal portion in Figs. 9 and 10 is referred to as
"HST". Periods before and after a substantial data signal may include a SYNC
(synchronization) period Tys syne and a TRAIL period Tys trar.

As illustrated in Fig. 6, the communication system according to the present em-
bodiment may include the crystal oscillator (XTAL) 82, the PLL circuit 81, the crystal
oscillator (XTAL) 83, and a PPL circuit 84. The crystal oscillator (XTAL) 82 and the
PLL circuit 81 each supply the clock signal to respective circuit portions in the
transmitter 1. The crystal oscillator (XTAL) 83 and the PLL circuit 84 each supply the
clock signal to respective circuit portions in the receiver 2.

(Specific Configuration Example of Transmitter 1)

On the clock lane CL, the transmitter 1 may include a CL-HS circuit 11 that
processes the HS differential signal. On the data lane DL1, the transmitter 1 may
include a DL-HS circuit 13 that processes the HS differential signal.

The CL-HS circuit 11 may be a differential clock signal transmitter circuit that
outputs the clock signal and the HS differential signal as a clock blanking signal to the
clock signal line 30. The DL-HS circuit 13 may be a differential data signal transmitter
circuit that outputs the data signal and the HS differential signal as a data blanking
signal to the data signal line 31.

The transmitter 1 according to the present embodiment may not include circuits cor-
responding to the CL-LP circuit 112 and the DL-LP circuit 114 that each process the

LP signal in the foregoing comparative example.
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The CL-HS circuit 11 may include a circuit substantially similar to the CL-HS circuit
111 in Fig. 3, as illustrated in Fig. 6. More specifically, the CL-HS circuit 11 may
include the HS state machine (HS FSM) 51, the selector 52, the parallel-serial (PS)
conversion circuit 53, the clock frequency divider (DIV) 54, and the HS driver (HS
DRYV) 55. The selector 52 may selectively output the Toggle signal, the signal with a
value of 0 (ALLO), and the signal with a value of 1 (ALL1). The Toggle signal may be
an 8-bit clock signal (1010_1010), for example. In the present embodiment, the clock
lane control signal and the data transmission request signal TxRequestHS may be
inputted into the HS state machine 51.

The DL-HS circuit 13 may include circuits substantially similar to the DL-HS circuit
113 in Fig. 3, as illustrated in Fig. 6. More specifically, the DL-HS circuit 13 may
include the HS state machine (HS FSM) 71, the selector 72, the parallel-serial (PS)
conversion circuit 73, and the HS driver (HS DRV) 74. The HS state machine 71 may
output the data transmission ready signal TxReadyHS. The selector 72 may selectively
output the transmission data TxDataHS, the synchronization code signal SYNC, the
signal with a value of 0 (ALLO), and the signal with a value of 1 (ALL1).

The blanking controller 20 may include the HS state machine 51 and the HS state
machine 71, as illustrated in Fig. 6.

(Example of Mode Control Operation in Transmitter 1)

In a case in which communication by the first blanking mode in Fig. 9 is performed,
the blanking controller 20 may control the DL-HS circuit 13 so as to output, for
example, a data blanking signal with a value of 1, in place of the data signal from the
DL-HS circuit 13, from the DL-HS circuit 13 to the data signal line 31 in synchro-
nization with start time of a blanking period of the data signal.

Moreover, in the case in which communication by the first blanking mode is
performed, the blanking controller 20 may control the CL-HS circuit 11 so as to
output, for example, a differential blanking signal, in place of the clock signal, from
the CL-HS circuit 11 to the clock signal line 30 in synchronization with the start time
of the blanking period of the data signal throughout a predetermined period or longer.
In the differential blanking signal, a clock blanking signal with a value of O may
continue. The predetermined period herein is a period that is longer than a clock cycle
of the clock signal. The clock blanking signal is a signal continuously having a signal
value of O throughout a period longer than the clock cycle of the clock signal, which
makes it possible to detect a signal change in the clock state discrimination circuit 59
of the receiver 2, thereby detecting that the blanking period has started.

Moreover, in the case in which communication by the first blanking mode is
performed, the blanking controller 20 may control the CL-HS circuit 11 so as to output
the clock signal, in place of the clock blanking signal, from the CL-HS circuit 11 to the
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clock signal line 30 in synchronization with end time of the blanking period of the data
signal throughout a predetermined period or longer. Outputting the clock signal, in
place of the clock blanking signal, throughout the predetermined period or longer
makes it possible to detect a signal change in the clock state discrimination circuit 59
of the receiver 2, thereby detecting that the blanking period has ended and transfer of
the data signal is to start.

In contrast, in a case in which communication by the second blanking mode in Fig.
10 is performed, the blanking controller 20 may control the DL-HS circuit 13 so as to
output a data blanking signal with a value of 0, in place of the data signal, from the
DL-HS circuit 13 to the data signal line 31 in synchronization with the start time of the
blanking period of the data signal.

Moreover, in the case in which communication by the second blanking mode is
performed, the blanking controller 20 may control the CL-HS circuit 11 so as to
output, for example, a differential blanking signal, in place of the clock signal, from
the CL-HS circuit 11 to the clock signal line 30 in synchronization with the start time
of the blanking period of the data signal throughout a predetermined period or longer.
In the differential blanking signal, a clock blanking signal with a value of O may
continue. The predetermined period herein is a period longer than the clock cycle of
the clock signal. The clock blanking signal is a signal continuously having a signal
value of O throughout a period longer than the clock cycle of the clock signal, which
makes it possible to detect a signal change in the clock state discrimination circuit 59
of the receiver 2, thereby detecting that the blanking period has started.

Further, in the case in which communication by the second blanking mode is
performed, the blanking controller 20 may control the CL-HS circuit 11 so as to
output, for example, a clock blanking signal with a value of 1, in place of the clock
blanking signal with a value of 0, from the CL-HS circuit 11 to the clock signal line 30
in synchronization with the end time of the blanking period of the data signal
throughout a predetermined period or longer. Outputting the clock blanking signal with
a value of 1, in place of the clock blanking signal with a value of 0, throughout the pre-
determined period or longer makes it possible to detect a signal change in the clock
state discrimination circuit 59 of the receiver 2, thereby detecting that the blanking
period has ended and transfer of the data signal is to start.

As with the examples illustrated in Figs. 9 and 10, the value of the data blanking
signal at the start of the blanking period of the data signal is different between the first
blanking mode and the second blanking mode, which makes it possible to discriminate
the communication modes in the clock state discrimination circuit 59 of the receiver 2.

It is to be noted that the values of the clock blanking signal and the data blanking

signal illustrated in Figs. 9 and 10 are merely examples, and different values from the
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values in the examples in Figs. 9 and 10 may be used.

Fig. 11 illustrates an example of a value of a differential signal. The clock blanking
signal with a value of 0 and the data blanking signal with a value of O may be dif-
ferential signals with a differential of O (Differential-0). Moreover, the clock blanking
signal with a value of 1 and the data blanking signal with a value of 1 may be dif-
ferential signals with a differential of 1 (Differential-1). More specifically, as il-
lustrated in Fig. 11, the differential signal with a value of O may be a differential signal
in which a voltage level of a positive signal line Dp and a voltage level of a negative
signal line Dn on a transmission line of the differential signal are low and high, re-
spectively. Moreover, the differential signal with a value of 1 may be a differential
signal in which the voltage level of the positive signal line Dp and the voltage level of
the negative signal line Dn on the transmission line of the differential signal are high
and low, respectively.

(Specific Configuration Example of Receiver 2)

On the clock lane CL, the receiver 2 may include a CL-HS circuit 21 that processes
the HS differential signal. On the data lane DL1, the receiver 2 may include a DL-HS
circuit 23 that processes the HS differential signal.

The DL-HS circuit 23 may be a differential data signal receiver circuit that receives
the data signal and the HS differential signal as a data blanking signal through the data
signal line 31. The CL-HS circuit 21 may be a differential clock signal receiver circuit
that receives the clock signal and the HS differential signal as a clock blanking signal
through the clock signal line 30.

The receiver 2 according to the present embodiment may not include circuits corre-
sponding to the CL-LP circuit 122 and the DL-LP circuit 124 that each process the LP
signal in the foregoing comparative example.

The DL-HS circuit 23 may include a circuit substantially similar to the DL-HS circuit
123 in Fig. 3, as illustrated in Fig. 6. More specifically, the DL-HS circuit 23 may
include the termination circuit (TERM) 75 serving as a data signal termination circuit
coupled to the data signal line 31, the HS receiver (HS RCV) 76, the clock frequency
divider (DIV) 77, and the word alignment correction circuit (ALN) 78. The termination
circuit 75 may include a terminator. The word alignment correction circuit (ALN) 78
may output the reception synchronization signal RxSyncHS, the reception valid signal
RxValidHS, and the reception data RxDataHS.

The CL-HS circuit 21 may include a circuit substantially similar to the CL-HS circuit
121 in Fig. 3, as illustrated in Fig. 6. More specifically, the CL-HS circuit 21 may
include the termination circuit (TERM) 56 serving as a clock signal termination circuit
coupled to the clock signal line 30, the HS receiver (HS RCV) 57, and the clock

frequency divider (DIV) 58. The termination circuit 56 may include a terminator.
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The CL-HS circuit 21 may further include the clock (CL) state discrimination circuit
59. The clock signal and the clock blanking signal from the CL-HS circuit 11 of the
transmitter 1 may be inputted to the clock state discrimination circuit 59 through the
HS receiver 57. Moreover, the data blanking signal from the DL-HS circuit 13 of the
transmitter 1 may be inputted to the clock state discrimination circuit 59 through the
HS receiver 76.

(Example of Mode Discrimination in Receiver 2)

The clock state discrimination circuit 59 may discriminate the blanking modes with
reference to, for example, the value of the data blanking signal at the start of the
blanking period of the data signal. For example, in a case in which the value of the data
blanking signal is 1 as with the example in Fig. 9, the clock state discrimination circuit
59 may discriminate that the blanking mode is the first blanking mode. Moreover, for
example, in a case in which the value of the data blanking signal is O as with the
example in Fig. 10, the clock state discrimination circuit 59 may discriminate that the
blanking mode is the second blanking mode.

(Examples of Termination Control and Word Alignment Control in Receiver 2)

In the case of the second blanking mode as with the example in Fig. 10, the receiver
2 may perform a termination control process. The clock state discrimination circuit 59
may function as a termination control circuit. The clock state discrimination circuit 59
may perform control to cause the terminator of the data signal termination circuit (the
termination circuit 75) and the terminator of the clock signal termination circuit (the
termination circuit 56) to be turned off on the basis of, for example, the clock blanking
signal with a value of 0. Moreover, the clock state discrimination circuit 59 may
perform control to cause the terminator of the termination circuit 75 and the terminator
of the termination circuit 56 to be turned on, on the basis of the clock blanking signal
with a value of 1 that is outputted in synchronization with the end time of the blanking
period of the data signal.

It is to be noted that voltage amplitudes of the signals in the blanking periods on the
clock lane CL and the data lane DL1 are changed when the terminators are turned on
or off, as illustrated in Fig. 10. Moreover, turning off the terminator in the blanking
period makes it possible to reduce values of currents flowing through the clock signal
line 30 and the data signal line 31.

Moreover, the clock state discrimination circuit 59 may have a function of outputting
the reception active signal RxActiveHS and performing word alignment control on the
word alignment correction circuit 78. The clock state discrimination circuit 59 properly
detects that the blanking period is ended and transfer of the data signal starts, which
makes it possible for the word alignment correction circuit 78 to perform word

alignment control properly.
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Effects

As described above, according to the present embodiment, the differential blanking
signal in which the predetermined value continues throughout the predetermined
period or longer is outputted as the clock blanking signal, in place of the clock signal,
to the clock signal line 30 in synchronization with the start time of the blanking period
of the data signal, which makes it possible to reduce power consumption during data
transmission. Moreover, according to the present embodiment, as compared with the
communication system according to the foregoing comparative example, the circuit
that processes the LP signal is unnecessary, which makes it possible to reduce a circuit
size.

Further, according to the present embodiment, the signal value of the data blanking
signal is controlled to a value that enables discrimination of the blanking modes in the
transmitter 1, and the blanking modes are discriminated on the basis of the signal value
of the data blanking signal in the receiver 2. This makes it possible to easily perform
discrimination of a plurality of blanking modes without using a counter for dis-
crimination of the blanking modes in the receiver 2.

Note that the effects described in the present specification are illustrative and non-
limiting. Effects achieved by the technology may be effects other than those described
in the present specification. The same applies to effects of other embodiments.

<2. Second Embodiment>

Next, description is given of a second embodiment of the present disclosure.
Hereinafter, description of configurations and workings substantially similar to those
in the foregoing comparative example and the foregoing first embodiment is omitted.

Fig. 12 illustrates an outline of a communication system according to a second em-
bodiment of the present disclosure. The communication system according to the
present embodiment includes a transmitter 1B (a transmission device) corresponding to
the transmitter TX in Fig. 1 and a receiver 2B (a reception device) corresponding to the
receiver RX in Fig. 1.

In the communication system according to the foregoing first embodiment, all signals
to be transmitted on the clock lane CL and the data lane DL1 including the blanking
period are HS differential signals only. In contrast, the communication system
according to the present embodiment may include a switching circuit that makes it
possible to perform communication using the LP signal. The switching circuit makes it
possible to perform switching between a mode in which communication using the HS
differential signal without using the LP signal is performed and a mode in which com-
munication using both the LP signal and the HS differential signal is performed.

In the communication system according to the present embodiment, the transmitter

1B may include the blanking controller 20 that achieve a function substantially similar
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to that of the communication system according to the foregoing first embodiment.

Moreover, the transmitter 1B may include the CL-HS circuit 11 that processes the
HS differential signal, a CL-LP circuit 12 that processes the LP signal, a selector
switch 15, and a selector 17 on the clock lane CL.

The CL-LP circuit 12 may be a first single-ended signal transmitter circuit that
outputs a first signal-ended signal as the LP signal. The CL-LP circuit 12 may have a
function substantially similar to that of the CL-LP circuit 112 in Fig. 2. The selector
switch 15 may be a first transmission switching circuit that switches a signal output
path to cause one of the CL-HS circuit 11 and the CL-LP circuit 12 to output a signal
to the clock signal line 30. The selector 17 may be a circuit that causes a control signal
from the blanking controller 20 to be inputted to the CL-HS circuit 11 in a mode in
which communication using only the HS differential signal without using the LP signal
is performed, and prevents the control signal from the blanking controller 20 from
being inputted to the CL-HS circuit 11 in a mode in which communication using both
the LP signal and the HS differential signal is performed.

Moreover, the transmitter 1B may include the DL-HS circuit 13 that processes the
HS differential signal, the DL-LP circuit 14 that processes the LP signal, a selector
switch 16, and a selector 18 on the data lane DL1.

The DL-LP circuit 14 may be a second single-ended signal transmitter circuit that
outputs a second single-ended signal as the LP signal. The DL-LP circuit 14 may have
a function substantially similar to that of the DL-LP circuit 114 in Fig. 2. The selector
switch 16 may be a second transmission switching circuit that switches a signal output
path to cause one of the DL-HS circuit 13 and the DL-LP circuit 14 to output a signal
to the data signal line 31. The selector 18 may be a circuit that causes a control signal
from the blanking controller 20 to be inputted to the DL-HS circuit 13 in the mode in
which communication using only the HS differential signal without using the LP signal
is performed, and prevents the control signal from the blanking controller 20 from
being inputted to the DL-HS circuit 13 in the mode in which communication using
both the LP signal and the HS differential signal is performed.

The receiver 2B may include the CL-HS circuit 21 that processes the HS differential
signal, a CL-LP circuit 22 that processes the LP signal, a selector 25, a selector 27, and
a selector 28. The CL-LP circuit 22 may be a first single-ended signal receiver circuit
that receives the first single-ended signal as the LP signal through the clock signal line
30. The CL-LP circuit 22 may have a function substantially similar to that of the CL-
LP circuit 122 in Fig. 2.

The selector 25 may be a first reception switching circuit that performs switching
whether to receive the first single-ended signal as the LP signal. The selector 25 may

be a circuit that prevents a signal received through the clock signal line 30 from being
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inputted to the CL-LP circuit 22 in the mode in which communication using only the
HS differential signal without using the LP signal is performed, and causes the signal
received through the clock signal line 30 to be inputted to the CL-LP circuit 22 in the
mode in which communication using both the LP signal and the HS differential signal
is performed. The selector 27 may be a circuit that inputs a termination control signal
from the CL-HS circuit 21 to the DL-HS circuit 23 in the mode in which commu-
nication using only the HS differential signal without using the LP signal is performed,
and prevents the termination control signal from the CL-HS circuit 21 from being
inputted to the DL-HS circuit 23 in the mode in which communication using both the
LP signal and the HS differential signal is performed. The selector 28 may be a circuit
that causes a word alignment control signal from the CL-HS circuit 21 to be inputted to
the DL-HS circuit 23 in the mode in which communication using only the HS dif-
ferential signal without using the LP signal is performed, and prevents the word
alignment control signal from the CL-HS circuit 21 from being inputted to the DL-HS
circuit 23 in the mode in which communication using both the LP signal and the HS
differential signal is performed.

Moreover, the receiver 2B may include the DL-HS circuit 23 that processes the HS
differential signal, a DL-LP circuit 24 that processes the LP signal, and a selector 26
on the data lane DL1. The DL-LP circuit 24 may be a second single-ended signal
receiver circuit that receives the second single-ended signal as an LP signal through the
data signal line 31.

The selector 26 may be a second reception switching circuit that performs whether to
receive the second single-ended signal as the LP signal. The selector 26 may be a
circuit that prevents a signal received through the data signal line 31 from being
inputted to the DL-LP circuit 24 in the mode in which communication using only the
HS differential signal without using the LP signal is performed, and causes the signal
received through the data signal line 31 to be inputted to the DL-LP circuit 24 in the
mode in which communication using both the LP signal and the HS differential signal
is performed.

Fig. 13 illustrates a specific application example of the communication system
according to the present embodiment.

For example, the communication system according to the present embodiment is ap-
plicable to data transmission from an image sensor IS to an application processor AP,
as illustrated in Fig. 13. The transmitter 1B may be provided in the image sensor IS.
The receiver 2B may be provided in the application processor AP. The image sensor IS
and the application processor AP may be coupled to each other through the clock
signal line 30 and the data signal line 31. Signals may be transmitted through the clock

signal line 30 and the data signal line 31 in one direction.
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Moreover, the image sensor IS and the application processor AP may be coupled to
each other through a bidirectional control bus 35. The control bus 35 may use an I>’C
(Inter-Integrated Circuit) interface or an I*C interface that is an extension of the I>’C
interface.

Fig. 14 illustrates an example of a data transmission process in a device including the
image sensor IS and the application processor AP illustrated in Fig. 13.

The device including the image sensor IS and the application processor AP may be
powered on (step S101). The application processor AP may read a register setting of
the image sensor IS with use of the control bus 35 (step S102). Thus, the application
processor AP may determine whether the image sensor IS corresponds to commu-
nication without the LP signal (step S103). In other words, the application processor
AP may determine whether the image sensor IS corresponds to the mode in which
communication using only the HS differential signal without using the LP signal is
performed or the mode in which communication using both the LP signal and the HS
differential signal is performed.

In a case in which the application processor AP determines that the image sensor IS
does not correspond to communication without the LP signal (step S103; N), the ap-
plication processor AP may determine that the image sensor IS is in the mode in which
communication using both the LP signal and the HS differential signal is performed,
and may output a transmission start command signal to the image sensor IS with use of
the control bus 35 (step S109). Next, the image sensor IS may start transmission of the
data signal in response to the transmission start command signal (step S110).

In contrast, in a case in which the application processor AP determines that the image
sensor IS corresponds to communication without the LP signal (step S103; Y), the ap-
plication processor AP may transmit a setting for validating communication without
the LP signal to the image sensor IS (step S104).

Next, the application processor AP may determine whether the image sensor IS cor-
responds to communication by the first blanking mode (the LRTE mode) with
reference to the register setting of the image sensor IS (step S105). In a case in which
the application processor AP determines that the image sensor IS does not correspond
to communication by the first blanking mode (step S105; N), the flow of the data
transmission process proceeds to a process in step S107 to be described later. In a case
in which the application processor AP determines that the image sensor IS corresponds
to communication by the first blanking mode (step S105; Y), the application processor
AP may transmit a setting for validating communication by the first blanking mode to
the image sensor IS with use of the control bus 35 (step S106).

Next, the application processor AP may determine whether the image sensor IS cor-

responds to communication by the second blanking mode (the ALP mode) with
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reference to the register setting of the image sensor IS (step S107). In a case in which
the application processor AP determines that the image sensor IS does not correspond
to communication by the second blanking mode (step S107; N), the application
processor AP may output a transmission start command signal to the image sensor IS
with use of the control bus 35 (step S109). Next, the image sensor IS may start
transmission of the data signal in response to the transmission start command signal
(step S110).

In contrast, in a case in which the application processor AP determines that the image
sensor corresponds to communication by the second blanking mode (step S107; Y), the
application processor AP may transmit a setting for validating communication by the
second blanking mode to the image sensor IS with use of the control bus 35 (step
S108). Next, the application processor AP may output the transmission start command
signal to the image sensor IS with use of the control bus 35 (step S109). Next, the
image sensor IS may start transmission of the data signal in response to the
transmission start command signal (step S110).

<3. Third Embodiment>

Next, description is given of a third embodiment of the present disclosure.
Hereinafter, description of configurations and workings substantially similar to those
in the foregoing comparative example, the foregoing first embodiment, and the
foregoing second embodiment is omitted.

In the foregoing first and second embodiments, an example in which discrimination
of the blanking modes is performed as discrimination of the communication modes is
described; however, it is possible to discriminate communication modes (data
transmission modes) of a data signal by a similar discrimination technique.

Fig. 15 illustrates an example of data transmission modes to be discriminated in the
present embodiment. In the present embodiment, as the data transmission modes, for
example, a first data transmission mode (a high-speed transmission mode) in which
transmission speed is relatively high and a second data transmission mode (a low-
speed transmission mode) in which the transmission speed is relatively low may be
discriminated. The high-speed transmission mode and the low-speed transmission
mode may be both modes in which a differential signal is transmitted, and may have
different transmission speed, for example, by changing a voltage amplitude.

It is to be noted that a basic configuration of the communication system in the
present embodiment may be substantially similar to the configuration in Figs. 5 and 6.
In the transmitter 1, the blanking controller 20 may control, depending on the commu-
nication modes, the signal value of the data blanking signal and the signal value of the
clock blanking signal to, for example, values that enable discrimination of the commu-

nication modes as illustrated in Figs. 17, 19, and 21 to be described later. Moreover, in
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the receiver 2, the clock state discrimination circuit 59 may discriminate the commu-
nication modes with reference to, for example, values illustrated in Figs. 17, 19 and 21
to be described later.

(First Example of Method of Discriminating Data Transmission Modes)

Fig. 16 illustrates a first example of respective signal waveforms to be transmitted on
the clock lane CL and the data lane DL1 in the communication system according to the
present embodiment. Fig. 16 illustrates an example in which the communication mode
in the blanking period is the first blanking mode (the LRTE mode), as with the
example in Fig. 9. Fig. 17 illustrates an example of a method of discriminating the
communication modes of the data signal in a case in which the communication mode
in the blanking period is the first blanking mode.

The blanking controller 20 may control the DL-HS circuit 13 so as to output, for
example, a data blanking signal with a value D0, in place of the data signal, from the
DL-HS circuit 13 to the data signal line 31 in synchronization with the start time of the
blanking period of the data signal.

Moreover, the blanking controller 20 may control the CL-HS circuit 11 so as to
output, in place of the clock signal, a differential blanking signal from the CL-HS
circuit 11 to the clock signal line 30 in synchronization with the start time of the
blanking period of the data signal throughout a predetermined period or longer. In the
differential blanking signal, a clock blanking signal with a value C,,0 may continue.
The predetermined period herein is a period that is longer than the clock cycle of the
clock signal. The clock blanking signal is a signal continuously having the signal value
C,0 throughout a period longer than the clock cycle of the clock signal, which makes it
possible to detect a signal change in the clock state discrimination circuit 59 of the
receiver 2, thereby detecting that the blanking period has started.

Further, the blanking controller 20 may control the CL-HS circuit 11 so as to output
the clock signal, in place of the clock blanking signal, from the CL-HS circuit 11 to the
clock signal line 30 in synchronization with the end time of the blanking period of the
data signal throughout a predetermined period or longer. Outputting the clock signal, in
place of the clock blanking signal, throughout the predetermined period or longer
makes it possible to detect a signal change in the clock state discrimination circuit 59
of the receiver 2, thereby detecting that the blanking period has ended and transfer of
the data signal is to start.

In the receiver 2, the clock state discrimination circuit 59 may discriminate the com-
munication modes with reference to the values as illustrated in Fig. 17, for example.

The clock state discrimination circuit 59 may discriminate that the communication
mode is the high-speed transmission mode in a case of (C,0 =0, D, 0 =0) and is the

low-speed transmission mode in a case of (C,0 = 1, D,0 = 1), for example. Moreover,
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the clock state discrimination circuit 59 may discriminate that the communication
mode in the blanking period is the first blanking mode (the LRTE mode) in a case of
(C,0=0, D, 0=1), for example. It is to be noted that (C,,0 =1, D,0 = 0) may be
reserved value ("Reserved") that is usable for discrimination of any other commu-
nication mode in future, for example.

It is to be noted that combinations of the values illustrated in Fig. 17 and the commu-
nication modes are merely examples, and a combination other than the combinations in
Fig. 17 may be adopted. Moreover, discrimination of three or more kinds of data
transmission modes may be performed.

(Second Example of Method of Discriminating Data Transmission Modes)

Fig. 18 illustrates a second example of respective signal waveforms to be transmitted
on the clock lane CL and the data lane DL1 in the communication system according to
the present embodiment. Fig. 18 illustrates an example in which the communication
mode in the blanking period is the second blanking mode (the ALP mode) as with the
example in Fig. 10. Fig. 19 illustrates an example of a method of discriminating the
communication modes of the data signal in a case in which the communication mode
in the blanking period is the second blanking mode.

The blanking controller 20 may control the DL-HS circuit 13 so as to output, for
example, a data blanking signal with a value DO, in place of the data signal, from the
DL-HS circuit 13 to the data signal line 31 in synchronization with the start time of the
blanking period of the data signal. Moreover, the blanking controller 20 may control
the DL-HS circuit 13 so as to output, in place of the data blanking signal with the value
DO, a data blanking signal with a value D1 from the DL-HS circuit 13 to the data
signal line 31 in synchronization with the end time of the blanking period.

Further, the blanking controller 20 may control the CL-HS circuit 11 so as to output,
in place of the clock signal, a differential blanking signal from the CL-HS circuit 11 to
the clock signal line 30 in synchronization with the start time of the blanking period of
the data signal throughout a predetermined period or longer. In the differential
blanking signal, a clock blanking signal with a value CO may continue. The prede-
termined period herein is a period that is longer than the clock cycle of the clock
signal. The clock blanking signal is a signal continuously having the signal value CO
throughout a period longer than the clock cycle of the clock signal, which makes it
possible to detect a signal change in the clock state discrimination circuit 59 of the
receiver 2, thereby detecting that the blanking period has started.

Moreover, the blanking controller 20 may control the CL-HS circuit 11 so as to
output the clock blanking signal with a value C1, in place of the clock blanking signal
with the value CO, from the CL-HS circuit 11 to the clock signal line 30 in synchro-

nization with the end time of the blanking period of the data signal throughout a prede-
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termined period or longer. Outputting the clock blanking signal with the value C1, in
place of the clock blanking signal with the value CO, throughout the predetermined
period or longer makes it possible to detect a signal change in the clock state dis-
crimination circuit 59 of the receiver 2, thereby detecting that the blanking period has
ended and transfer of the data signal is to start.

In the receiver 2, the clock state discrimination circuit 59 may discriminate the com-
munication modes with reference to the values as illustrated in Fig. 19, for example.

The clock state discrimination circuit 59 may discriminate that the communication
mode is the high-speed transmission mode in a case of (CO =0, C1 =1) and (DO =0,
D1 =0), for example. Moreover, the clock state discrimination circuit 59 may dis-
criminate that the communication mode is the low-speed transmission mode in a case
of (CO0=0,Cl=1)and (DO=0, D1 = 1), for example. It is to be noted that other
values may be reserved values ("Reserved") that are usable for discrimination of other
communication modes in future, for example. However, in order to perform ter-
mination control, it is necessary to change at least one of the value (CO, C1) of the
clock blanking signal and the value (DO, D1) of the data blanking signal within the
blanking period. Accordingly, in a case in which the termination control is performed,
cases of (C0=0,Cl1=0)and (D0O=0,D1=0),(C0=0,Cl=0)and (DO=1,D1=1),
(C0=1,Cl=1)and (D0=0,D1=0), (CO=1,Cl =1)and (DO=1, DI = 1) are not
used for discrimination of the communication modes.

It is to be noted that combinations of the values illustrated in Fig. 19 and the commu-
nication modes are merely examples, and a combination other than the combinations in
Fig. 19 may be adopted. Moreover, discrimination of three or more kinds of data
transmission modes may be performed.

(Third Example of Method of Discriminating Data Transmission Modes)

Fig. 20 illustrates a third example of respective signal waveforms to be transmitted
on the clock lane CL and the data lane DL1 in the communication system according to
the present embodiment. Fig. 21 illustrates an example of a method of discriminating
the communication modes in the third example illustrated in Fig. 20.

Fig. 20 illustrates an example in which transition of the communication modes takes
place in order of the high-speed transmission mode, the LRTE mode, the low-speed
transmission mode, and the high-speed transmission mode.

In the receiver 2, as with the second example mentioned above, the clock state dis-
crimination circuit 59 may discriminate the communication mode with reference to the
value (CO, C1) on the clock lane CL and the value (DO, D1) on the data lane DL1 as il-
lustrated in Fig. 21, for example. It is to be noted that Fig. 21 illustrates an example of
an on-off state of the terminator during mode transition.

The clock state discrimination circuit 59 may discriminate that the communication
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mode is changed to the high-speed transmission mode in a case of (CO=0,CI =1) and
(D0 =0, D1 =0), for example. Moreover, the clock state discrimination circuit 59 may
discriminate that the communication mode is changed to the LRTE mode in a case of
(C0=0,Cl=0)and (DO =1, D1 = 1), for example. Further, the clock state dis-
crimination circuit 59 may discriminate that the communication mode is changed to the
low-speed transmission mode in a case of (CO=0,Cl =1) and (DO=0, D1 = 1), for
example. It is to be noted that other values may be reserved values ("Reserved") that
are usable for discrimination of other communication modes in future, for example.

It is to be noted that combinations of the values illustrated in Fig. 21 and the commu-
nication modes are merely examples, and combinations other than the combinations in
Fig. 21 may be adopted.

<4. Application Examples>

Next, description is given of application examples of the communication systems
described in the foregoing respective embodiments.

4.1 First Application Example

Fig. 22 illustrates an appearance of a smartphone 300 (a multifunctional mobile
phone) to which any of the communication systems according to the foregoing re-
spective embodiments is applied. Various devices are mounted in the smartphone 300.
Any of the communication systems according to the foregoing respective embodiments
is applied to a communication system that exchanges data between these devices.

Fig. 23 illustrates a configuration example of an application processor 310 used in
the smartphone 300. The application processor 310 may include a central processing
unit (CPU) 311, a memory controller 312, a power source controller 313, an external
interface 314, a graphics processing unit (GPU) 315, a media processor 316, a display
controller 317, and a mobile industry processor interface (MIPI) interface 318. In this
example, the CPU 311, the memory controller 312, the power source controller 313,
the external interface 314, the GPU 315, the media processor 316, and the display
controller 317 may be coupled to a system bus 319 to allow for data exchange through
the system bus 319.

The CPU 311 may be adapted to process various pieces of information handled in the
smartphone 300 in accordance with a program. The memory controller 312 may be
adapted to control the memory 501 used when the CPU 311 performs information
processing. The power source controller 313 may be adapted to control a power source
of the smartphone 300.

The external interface 314 may be an interface for communication with external
devices. In this example, the external interface 314 may be coupled to a wireless com-
munication section 502 and an image sensor 410. The wireless communication section

502 may be adapted to carry out wireless communication with mobile phone base
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stations. The wireless communication section 502 may include, for example, a
baseband section, a radio frequency (RF) front end section, and other components. The
image sensor 410 may be adapted to acquire an image, and may include, for example, a
CMOS sensor.

The GPU 315 may be adapted to perform image processing. The media processor
316 may be adapted to process information such as voice, characters, and graphics.
The display controller 317 may be adapted to control the display 504 through the MIPI
interface 318.

The MIPI interface 318 may be adapted to transmit an image signal to the display
504. As the image signal, for example, a YUV-format signal, an RGB-format signal, or
any other format signal may be used. For example, any of the communication systems
according to the foregoing respective embodiments may be applied to a commu-
nication system between the MIPI interface 318 and the display 504.

Fig. 24 illustrates a configuration example of the image sensor 410. The image
sensor 410 may include a sensor 411, an image signal processor (ISP) 412, a joint pho-
tographic experts group (JPEG) encoder 413, a CPU 414, a random access memory
(RAM) 415, a read only memory (ROM) 416, a power source controller 417, an inter-
integrated circuit (I?C) interface 418, and an MIPI interface 419. In this example, these
blocks are coupled to a system bus 420 to allow for data exchange through the system
bus 420.

The sensor 411 may be adapted to acquire an image, and may be configured of, for
example, a CMOS sensor. The ISP 412 may be adapted to perform predetermined
processing on the image acquired by the sensor 411. The JPEG encoder 413 may be
adapted to encode the image processed by the ISP 412 to generate a JPEG-format
image. The CPU 414 may be adapted to control respective blocks of the image sensor
410 in accordance with a program. The RAM 415 may be a memory used when the
CPU 414 performs information processing. The ROM 416 may be adapted to store a
program to be executed in the CPU 414. The power source controller 417 may be
adapted to control a power source of the image sensor 410. The I>C interface 418 may
be adapted to receive a control signal from the application processor 310. Although not
illustrated, the image sensor 410 may be adapted to also receive a clock signal from the
application processor 310, in addition to the control signal. More specifically, the
image sensor 410 may be configured to be operable on the basis of clock signals of
various frequencies.

The MIPI interface 419 may be adapted to transmit an image signal to the application
processor 310. As the image signal, for example, a YUV-format signal, an RGB-
format signal, or any other format signal may be used. For example, any of the com-

munication systems according to the foregoing respective embodiments may be
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applied to a communication system between the MIPI interface 419 and the application
processor 310.

4.2 Second Application Example

Fig. 25 and Fig. 26 each illustrate a configuration example of a vehicle-mounted
camera as an application example to an imaging device. Fig. 25 illustrates an in-
stallation example of the vehicle-mounted camera, and Fig. 26 illustrates an internal
configuration example of the vehicle-mounted camera.

For example, vehicle-mounted cameras 401, 402, 403, and 404 may be respectively
mounted on the front, left, right, and rear of a vehicle 301, as illustrated in Fig. 25. The
vehicle-mounted cameras 401 to 404 may be coupled to an electrical control unit
(ECU) 302 through an in-vehicle network.

An image capturing angle of the vehicle-mounted camera 401 mounted on the front
of the vehicle 301 may be within a range indicated by "a" in Fig. 25, for example. An
image capturing angle of the vehicle-mounted camera 402 may be within a range
indicated by "b" in Fig. 25, for example. An image capturing angle of the vehicle-
mounted camera 403 may be within a range indicated by "c" in Fig. 25, for example.
An image capturing angle of the vehicle-mounted camera 404 may be within a range
indicated by "d" in Fig. 25, for example. Each of the vehicle-mounted cameras 401 to
404 may output a captured image to the ECU 302. This makes it possible to capture a
360-degree (omnidirectional) image on the front, right, left, and rear of the vehicle 301
in the ECU 302.

For example, each of the vehicle-mounted cameras 401 to 404 may include an image
sensor 431, a digital signal processing (DSP) circuit 432, a selector 433, and a se-
rializer-deserializer (SerDes) circuit 434, as illustrated in Fig. 26.

The DSP circuit 432 may be adapted to perform various kinds of image signal
processing on an imaging signal outputted from the image sensor 431. The SerDes
circuit 434 may be adapted to perform serial-parallel conversion of a signal, and may
be configured of, for example, a vehicle-mounted interface chip such as DPD-Link III.

The selector 433 may be adapted to select whether to output the imaging signal
outputted from the image sensor 431 through the DSP circuit 432 or not through the
DSP circuit 432.

Any of the communication systems according to the foregoing respective em-
bodiments may be applied to, for example, a connection interface 441 between the
image sensor 431 and the DSP circuit 432. Moreover, any of the communication
systems according to the foregoing respective embodiments may be applied to, for
example, a connection interface 442 between the image sensor 431 and the selector
433.

<5. Other Embodiments>
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The technology achieved by the present disclosure is not limited to that described in
the foregoing respective embodiments, and may be modified in a variety of ways.

The present technology may have the following configurations.

ey

A reception device, including:

a data signal receiver circuit that receives a data signal through a data signal line, and
receives a data blanking signal through the data signal line in a blanking period of the
data signal;

a clock signal receiver circuit that receives a clock signal and a clock blanking signal
through a clock signal line, the clock blanking signal outputted in synchronization with
the blanking period of the data signal; and

a discrimination circuit that discriminates communication modes on a basis of one or
both of a signal value of the data blanking signal and a signal value of the clock
blanking signal.

@3]

The reception device according to (1), wherein the discrimination circuit dis-
criminates at least communication modes in the blanking period.

3)

The reception device according to (2), wherein the discrimination circuit dis-
criminates, as the communication modes in the blanking period, a first blanking mode
and a second blanking mode in which a transmission period is longer than a
transmission period in the first blanking mode.

“

The reception device according to any one of (1) to (3), wherein the discrimination
circuit discriminates at least communication modes of the data signal.

&)

The reception device according to (4), wherein the discrimination circuit dis-
criminates, as the communication modes of the data signal, a first data transmission
mode and a second data transmission mode in which transmission speed is lower than
transmission speed in the first data transmission mode.

(6)

The reception device according to any one of (1) to (5), wherein

the data signal receiver circuit is a differential data signal receiver circuit that
receives the data signal, and a differential signal as the data blanking signal through the
data signal line, and

the clock signal receiver circuit is a differential clock signal receiver circuit that
receives the clock signal, and a differential signal as the clock blanking signal through

the clock signal line.
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A transmission device, including:

a data signal transmitter circuit that outputs a data signal to a data signal line, and
outputs a data blanking signal through the data signal line in a blanking period of the
data signal;

a clock signal transmitter circuit that outputs a clock signal to a clock signal line, and
outputs a clock blanking signal, in place of the clock signal, in synchronization with
the blanking period of the data signal; and

a blanking controller that controls one or both of a signal value of the data blanking
signal and a signal value of the clock blanking signal to a value that enables dis-
crimination of communication modes.

8)

The transmission device according to (7), wherein the blanking controller controls the
signal value to a value that enables discrimination of at least communication modes in
the blanking period.

€))

The transmission device according to (8), wherein the blanking controller controls the
signal value to a value that enables discrimination of a first blanking mode and a
second blanking mode as the communication modes in the blanking period, the second
blanking mode in which a transmission period is longer than a transmission period in
the first blanking mode.

(10)

The transmission device according to any one of (7) to (9), wherein the blanking
controller controls the signal value to a value that enables discrimination of at least
communication modes of the data signal.

(11)

The transmission device according to (10), wherein the blanking controller controls the
signal value to a value that enables discrimination of a first data transmission mode and
a second data transmission mode as the communication modes of the data signal, the
second data transmission mode in which transmission speed is lower than transmission
speed in the first data transmission mode.

(12)

The transmission device according to any one of (7) to (11), wherein

the data signal transmitter circuit is a differential data signal transmitter circuit that
outputs the data signal, and a differential signal as the data blanking signal through the
data signal line, and

the clock signal transmitter circuit is a differential clock signal transmitter circuit that

outputs the clock signal, and a differential signal as the clock blanking signal through
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the clock signal line.

(13)

A communication system, including:

a transmission device; and

a reception device,

the transmission device including:

a data signal transmitter circuit that outputs a data signal to a data signal line, and
outputs a data blanking signal through the data signal line in a blanking period of the
data signal,

a clock signal transmitter circuit that outputs a clock signal to a clock signal line, and
outputs a clock blanking signal, in place of the clock signal, in synchronization with
the blanking period of the data signal, and

a blanking controller that controls one or both of a signal value of the data blanking
signal and a signal value of the clock blanking signal to a value that enables dis-
crimination of communication modes, and

the reception device including:

a data signal receiver circuit that receives the data signal and the data blanking signal
through the data signal line,

a clock signal receiver circuit that receives the clock signal and the clock blanking
signal through the clock signal line, and

a discrimination circuit that discriminates the communication modes on a basis of one
or both of the signal value of the data blanking signal and the signal value of the clock
blanking signal.

(14)

A signal reception method, including:

receiving a data signal through a data signal line, and receiving a data blanking signal
through the data signal line in a blanking period of the data signal;

receiving a clock signal and a clock blanking signal through a clock signal line, the
clock blanking signal outputted in synchronization with the blanking period of the data
signal; and

discriminating communication modes on a basis of one or both of a signal value of the
data blanking signal and a signal value of the clock blanking signal.

(15)

A signal transmission method, including:

outputting a data signal to a data signal line, and outputting a data blanking signal
through the data signal line in a blanking period of the data signal;

outputting a clock signal to a clock signal line, and outputting a clock blanking signal,

in place of the clock signal, in synchronization with the blanking period of the data
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signal; and

controlling one or both of a signal value of the data blanking signal and a signal value
of the clock blanking signal to a value that enables discrimination of communication
modes.

(16)

A communication method, including:

outputting a data signal to a data signal line, and outputting a data blanking signal
through the data signal line in a blanking period of the data signal;

outputting a clock signal to a clock signal line, and outputting a clock blanking signal,
in place of the clock signal, in synchronization with the blanking period of the data
signal;

controlling one or both of a signal value of the data blanking signal and a signal value
of the clock blanking signal to a value that enables discrimination of a communication
mode;

receiving the data signal and the data blanking signal through the data signal line;
receiving the clock signal and the clock blanking signal through the clock signal line;
and

discriminating the communication modes on a basis of one or both of the signal value
of the data blanking signal and the signal value of the clock blanking signal.

It should be understood by those skilled in the art that various modifications, com-
binations, sub-combinations and alterations may occur depending on design re-
quirements and other factors insofar as they are within the scope of the appended
claims or the equivalents thereof.

Reference Signs List

1, 1B transmitter (transmission device)

2, 2B receiver (reception device)

11 CL-HS circuit (differential clock signal transmitter circuit)

12 CL-LP circuit (first single-ended signal transmitter circuit)

13 DL-HS circuit (differential data signal transmitter circuit)

14 DL-LP circuit (second single-ended signal transmitter circuit)

15 selector switch (first transmission switching circuit)

16 selector switch (second transmission switching circuit)

17 selector

18 selector

20 blanking controller

21 CL-HS circuit (differential clock signal receiver circuit)

22 CL-LP circuit (first single-ended signal receiver circuit)
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23 DL-HS circuit (differential data signal receiver circuit)
24 DL-LP circuit (second single-ended signal receiver circuit)
25 selector (first reception switching circuit)
26 selector (second reception switching circuit)
27 selector

28 selector

30 clock signal line

31 data signal line

32 data signal line

33 data signal line

34 data signal line

35 control bus

41 LP state machine (LP FSM)

42 LP encoder (LP ENC)

43 LP driver (LP DRV)

44 LP receiver (LP RCV)

45 LP decoder (LP DEC)

46 LP state machine (LP FSM)

51 HS state machine (HS FSM)

52 selector

53 parallel-serial (PS) conversion circuit

54 clock frequency divider (DIV)

55 HS driver (HS DRV)

56 termination circuit (TERM) (clock signal termination circuit)
57 HS receiver (HS RCV)

58 clock frequency divider (DIV)

59 clock (CL) state discrimination circuit

61 LP state machine (LP FSM)

62 LP encoder (LP ENC)

63 LP driver (LP DRV)

64 LP receiver (LP RCV)

65 LP decoder (LP DEC)

66 LP state machine (LP FSM)

71 HS state machine (HS FSM)

72 selector

73 parallel-serial (PS) conversion circuit

74 HS driver (HS DRV)

75 termination circuit (TERM) (data signal termination circuit)
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76 HS receiver (HS RCV)
77 clock frequency divider (DIV)
78 word alignment correction circuit (ALN)
81 PLL circuit

82 crystal oscillator (XTAL)
83 crystal oscillator (XTAL)
84 PLL circuit

101 transmitter

102 receiver

111 CL-HS circuit

112 CL-LP circuit

113 DL-HS circuit

114 DL-LP circuit

121 CL-HS circuit

122 CL-LP circuit

123 DL-HS circuit

124 DL-LP circuit

300 smartphone

301 vehicle

302 ECU

310 application processor
311 CPU

312 memory controller

313 power source controller
314 external interface

315 GPU

316 media processor

317 display controller

318 media processor

319 system bus

401, 402, 403, 404 vehicle-mounted camera
410 image sensor

411 sensor

412 ISP

413 JPEG encoder

414 CPU

415 RAM

416 ROM
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417 power source controller
418 I?C interface

419 MIPI interface

420 system bus

431 image sensor

432 DSP circuit

433 selector

434 SerDes circuit

441 connection interface
442 connection interface
501 memory

502 wireless communication section
504 display

AP application processor

IS image sensor

TX transmitter

RX receiver

Dp signal line

Dn signal line

CL clock lane

DL, DL1, DL2, DL3, DL4 data lane
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Claims

A reception device comprising:

a data signal receiver circuit configured to receive a data signal and a
data blanking signal from a transmission device that is operating in one
of a plurality of communication modes, the data blanking signal is
received during a blanking period of the data signal;

a clock signal receiver circuit configured to receive a clock signal and a
clock blanking signal that is in synchronization with the blanking
period of the data signal from the transmission device; and

a determination circuit configured to determine that the transmission
device is operating in the one of the plurality of communication modes
on a basis of a signal value of the data blanking signal, a signal value of
the clock blanking signal, or both.

The reception device according to claim 1, wherein

a first mode of the plurality of communication modes is a high speed
mode,

a second mode of the plurality of communication modes is a low power
mode, and

a third mode of the plurality of communication modes is one of a high
speed idle mode or an alternative low power mode.

The reception device according to claim 2, wherein

the low power mode comprises a data transmission speed that is lower
than a data transmission speed of the high speed mode, and

the low power mode comprises a voltage level that is different than a
voltage level of the high speed mode.

The reception device according to claim 2, further comprising:

a terminator,

wherein the high speed idle mode does not have signal activity during
the blanking period, and

responsive to determining that the transmission device is operating in
the high speed idle mode, the data signal receiver circuit is further
configured to not perform a termination control of the terminator
during the blanking period.

The reception device according to claim 2, further comprising:

a terminator,

wherein the alternative low power mode does not have signal activity

during the blanking period, and
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responsive to determining that the transmission device is operating in
the alternative low power mode, the data signal receiver circuit is
further configured to perform a termination control of the terminator
during the blanking period.

The reception device according to claim 2, wherein

the data signal transmitted by the transmission device operating in the
first mode or the third mode is a differential signal, and

the data signal transmitted by the transmission device operating in the
second mode is a single-ended signal.

The reception device according to claim 2, wherein

the clock signal transmitted by the transmission device operating in the
first mode or the third mode is a differential signal, and

the clock signal transmitted by the transmission device operating in the
second mode is a single-ended signal.

A reception device comprising:

a data signal receiver circuit configured to receive a data signal from a
transmission device that operates in a plurality of communication
modes via a data lane, the plurality of communication modes including
a first mode, a second mode, and a third mode;

a clock signal receiver circuit configured to receive a clock signal from
the transmission device that operates in the plurality of communication
modes via a clock lane; and

a determination circuit configured to determine that the transmission
device is operating in one of the plurality of communication modes on
a basis of a signal value of the data signal and a transition of the clock
signal, the transition of the clock signal being indicative of the
transmission device transitioning from another mode of the plurality of
communication modes to the one of the plurality of communication
modes.

The reception device according to claim §, wherein

the first mode is a high speed mode,

the second mode is a low power mode, and

the third mode is one of a high speed idle mode or an alternative low
power mode.

The reception device according to claim 9, wherein the transition of the
clock signal is indicative of the transmission device transitioning from
the high speed mode to the low power mode.

The reception device according to claim 10, wherein the transmission
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device is already operating in the low power mode when the transition
of the clock signal is indicative of the transmission device transitioning
from the high speed mode to the low power mode.

The reception device according to claim 9, wherein the transition of the
clock signal s indicative of the transmission device transitioning from
the high speed mode to the high speed idle mode.

The reception device according to claim 12, wherein the transmission
device is already operating in the high speed idle mode when the
transition of the clck signal is indicative of the transmission device
transitioning from the high speed mode to the high speed idle mode.
The reception device according to claim 9, wherein the transition of the
clock signal is indicative of the transmission device transitioning from
the low power mode to the high speed mode.

The reception device according to claim 14, wherein the transmission
device is not yet operating in the high speed mode when the transition
of the clock signal is indicative of the transmission device transitioning
from the low power mode to the high speed mode.

The reception device according to claim 9, wherein the transition of the
clock signal is indicative of the transmission device transitioning from
the high speed idle mode to the high speed mode.

The reception device according to claim 16, wherein the transmission
device is not yet operating in the high speed mode when the transition
of the clock signal is indicative of the transmission device transitioning
from the high speed idle mode to the high speed mode.

The reception device according to claim §, wherein

the clock signal receiver circuit is further configured to

detect when the clock signal is not received from the transmission
device via the clock lane during a period of time, and

responsive to detecting that the clock signal is not received from the
transmission device via the clock lane during the period of time, output
a first control signal to the determination circuit,

the data signal receiver circuit is further configured to

detect when the signal value of the data signal is a first value,
responsive to detecting when the signal value of the data signal is the
first value, output a second control signal to the determination circuit,
and

responsive to detecting when the signal value of the data signal is not

the first value, output a third control signal to the determination circuit,
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the third control signal being different than the second control signal,
and

the determination circuit is further configured to

receive the first control signal, the second control signal, and the third
control signal, and

determine the transmission device is operating in the one of the
plurality of communication modes on a basis of receiving the first
control signal and the second control signal or receiving the first
control signal and the third control signal.

The reception device according to claim 18, wherein

the clock signal receiver circuit includes a counter that is configured to
count a second clock signal that is different than the clock signal, and
to detect when the clock signal is not received from the transmission
device via the clock lane during the period of time, the clock signal
receiver circuit is further configured to control the counter to count a
plurality of clock transitions of the second clock signal that exceeds the
period of time.

A communication system, comprising:

a transmission device including

a data signal transmitter circuit configured to

operate in a plurality of communication modes to transmit a data signal
via a data lane, and

transmit a data blanking signal in a blanking period of the data signal
via the data lane;

a clock signal transmitter circuit configured to transmit a clock signal
and a clock blanking signal in synchronization with the blanking period
of the data signal via a clock lane; and

a blanking controller configured to control a signal value of the data
blanking signal, a signal value of the clock blanking signal, or both to
be indicative of the one of the plurality of communication modes; and
a reception device including

a data signal receiver circuit configured to receive the data signal and
the data blanking signal from the transmission device that is operating
in the one of the plurality of communication modes via the data lane,
the data blanking signal is received during the blanking period of the
data signal;

a clock signal receiver circuit configured to receive the clock signal and

the clock blanking signal that is in synchronization with the blanking
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period of the data signal from the transmission device via the clock
lane; and

a determination circuit configured to determine that the transmission
device is operating in the one of the plurality of communication modes
on a basis of the signal value of the data blanking signal, the signal
value of the clock blanking signal, or both.

A transmission device comprising:

a data signal transmitter circuit configured to

operate in a plurality of communication modes to transmit a data signal
to a reception device via a data lane, and

transmit a data blanking signal in a blanking period of the data signal to
the reception device via the data lane;

a clock signal transmitter circuit configured to transmit a clock signal
and a clock blanking signal in synchronization with the blanking period
of the data signal to the reception device via a clock lane; and

a blanking controller configured to control a signal value of the data
blanking signal, a signal value of the clock blanking signal, or both to
indicate that the data signal transmitter circuit is operating in the one of
the plurality of communication modes.

The transmission device according to claim 21, wherein

a first mode of the plurality of communication modes is a high speed
mode,

a second mode of the plurality of communication modes is a low power
mode, and

a third mode of the plurality of communication modes is one of a high
speed idle mode or an alternative low power mode.

The transmission device according to claim 22, wherein

the low power mode comprises a data transmission speed that is lower
than a data transmission speed of the high speed mode, and

the low power mode comprises a voltage level that is different than a
voltage level of the high speed mode.

The transmission device according to claim 22, wherein

the data signal transmitted by the data signal transmitter circuit
operating in the first mode or the third mode is a differential signal,

the data signal transmitted by the data signal transmitter circuit
operating in the second mode is a single-ended signal,

the clock signal transmitted by the clock signal transmitter circuit,

when the data signal transmitter circuit is operating in the first mode or
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the third mode, is a differential signal, and

the clock signal transmitted by the clock signal transmitter circuit,
when the data signal transmitter circuit, is operating in the second mode
is a single-ended signal.

A signal reception method, the method comprising:

receiving, with a data signal receiver of a reception device, a data
signal and a data blanking signal from a transmission device that is
operating in one of a plurality of communication modes via a data lane,
the data blanking signal is received during a blanking period of the data
signal;

receiving a clock signal and a clock blanking signal that is in synchro-
nization with the blanking period of the data signal from the
transmission device; and

determining that the transmission device is operating in the one of the
plurality of communication modes on a basis of a signal value of the
data blanking signal, a signal value of the clock blanking signal, or
both.

A signal transmission method, the method comprising:

operating, with a data signal transmitter circuit of a transmission
device, in one of a plurality of communication modes to transmit a data
signal to a reception device via a data lane;

responsive to operating in the one of the plurality of communication
modes, controlling a signal value of a data blanking signal, a signal
value of a clock blanking signal, or both to be indicative of the one of
the plurality of communication modes;

transmitting the data blanking signal to the reception device during a
blanking period of the data signal via the data lane; and

transmitting a clock signal and the clock blanking signal in synchro-
nization with the blanking period of the data signal to the reception
device via a clock lane.

A communication method, the method comprising:

operating, with a data signal transmitter circuit of a transmission
device, in one of a plurality of communication modes to transmit a data
signal via a data lane;

responsive to operating in the one of the plurality of communication
modes, controlling a signal value of a data blanking signal, a signal
value of a clock blanking signal, or both to be indicative of the one of

the plurality of communication modes;
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transmitting the data blanking signal during a blanking period of the
data signal via the data lane;

transmitting a clock signal and the clock blanking signal in synchro-
nization with the blanking period of the data signal via a clock lane;
receiving, with a data signal receiver of a reception device, the data
signal and the data blanking signal from the transmission device that is
operating in the one of the plurality of communication modes via the
data lane, the data blanking signal is received during the blanking
period of the data signal;

receiving the clock signal and the clock blanking signal that is in syn-
chronization with the blanking period of the data signal from the
transmission device; and

determining that the transmission device is operating in the one of the
plurality of communication modes on a basis of the signal value of the
data blanking signal, the signal value of the clock blanking signal, or
both.
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[Fig. 15]
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