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Description

[0001] The present invention relates to an interface cir-
cuit for processing a differential signal.
[0002] There are two methods for transmission be-
tween a device such as a memory card and a host such
as a personal computer: a transmission method using a
single-ended signal (hereinafter, referred to as "single-
ended method") and a transmission method using a dif-
ferential signal (hereinafter, referred to as "differential
method").
[0003] The single-ended method has an advantage of
having an interface circuit with a simple circuit structure,
compared with the differential method. On the other
hand, the differential method has an advantage of real-
izing fast transmission, compared with the single-ended
method.
[0004] When an existing system employs the single-
ended method as a transmission method between a de-
vice and a host, and a transmission speed therebetween
is desired to be faster, a system supporting both the sin-
gle-ended method and the differential method may be
introduced, in view of compatibility with the existing sys-
tem.
[0005] In such a system, each of the device and the
host includes both of an interface circuit corresponding
to the single-ended method and an interface circuit cor-
responding to the differential method.
[0006] As a technology that reduces the number of sig-
nal wires in a system supporting both of the single-ended
method and the differential method, a technology de-
scribed in reference JP 2002-183691 (A) is known, for
example.
[0007] According to this technology, a single-ended
signal and a differential signal share signal wires so as
to reduce the number of signal wires.
[0008] On the other hand, when a differential signal
receiving circuit for receiving a differential signal is active
to receive the differential signal, a specific amount of elec-
tric power is consumed even if a valid differential signal
is not being received.
[0009] As a technology for reducing electric power con-
sumption of the differential signal receiving circuit while
a valid differential signal is not being received, a technol-
ogy described in JP 2005-236931 (A) is known, for ex-
ample.
[0010] According to this technology, a host controls an
active state or an inactive state of a device differential
signal receiving circuit, using signal wires for transmitting
a differential signal.
[0011] Here, when the host wants to activate the device
differential signal receiving circuit that has been inactive,
the host transmits, to the device, a single-ended signal
for activating the differential signal receiving circuit. Then
when the host wants to inactivate the device differential
signal receiving circuit that has been active, the host
transmits, to the device, a command (hereinafter, re-
ferred to as "stop command") composed of a differential

signal for inactivating the differential signal receiving cir-
cuit.
[0012] In order to control an active state or an inactive
state of the differential signal receiving circuit connected
to shared signal wires for transmitting both a single-end-
ed signal and a differential signal using the technology
described in JP 2005-236931(A), can be realized by us-
ing signal wires for transmitting only a differential signal,
which are different from the shared signal wires for trans-
mitting both signals.
[0013] Reference US 2008/273623 (A1) discloses a
communication system, wherein data is selectively trans-
mitted using single-ended or differential signaling. The
data is transmitted in relation to a plurality of clock signals
having different relative phases. When the data is trans-
mitted using single-ended signaling, data on adjacent
signal lines undergo logic transitions at different times in
relation to the plurality of clock signals.
[0014] Reference US 2002/078280 (A1) discloses an
apparatus for connecting circuit modules. The apparatus
uses a transmitter/receiver to transmit data to and receive
data from a circuit module. Each transmitter/receiver is
selectively operated in a bidirectional mode that transmits
and simultaneously receives data via two transmission
lines, and a unidirectional mode that transmits data on a
first transmission line and receives data from a second
transmission line.
[0015] Reference US 2008/117994 (A1) disclose a
method for transmitting signals across a pair of wires,
wherein a differential signal is transmitted across the pair
of wires during one period of time, and two single-ended
signals are transmitted across the same pair of wires
during another period of time. Low voltage differential
signaling (LVDS) can be used to transmit the differential
signal across the pair of wires. In contrast, non-differen-
tial signaling can be used to transfer the two singled-
ended signals across the same pair of wires.
[0016] When a host and a device communicate with
each other, a transmission error might occur and accord-
ingly a garbled bit of a communication signal might occur.
[0017] In a system using the technology described in
JP 2005-236931 (A), a command that is transmitted by
a host and other than a stop command might be garbled
into a stop command due to occurrence of a transmission
error, and accordingly the device differential signal re-
ceiving circuit might become inactive at an unexpected
timing.
[0018] When the device differential signal receiving cir-
cuit becomes inactive at the unexpected timing, normal
communication between the host and the device might
not be able to be performed.
[0019] In view of the above problem, the present in-
vention aims to provide an interface circuit that reduces
the possibility that the differential signal receiving circuit
becomes inactive at the unexpected timing even when a
garbled bit of a communication signal occurs. The inven-
tion is defined by the appended claims. Any other refer-
ence to embodiments not falling within the scope of the
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claims is to be understood as examples useful for under-
standing the invention.
[0020] According to the interface circuit pertaining to
the present invention with the above structure, the differ-
ential signal receiver maintains an active state white the
enable signal is being input.
[0021] Accordingly, the above structure can reduce the
possibility of stopping the differential signal receiver at
an unexpected timing.

[Brief Description of Drawings]

[0022]

FIG. 1 is a circuit diagram including a device 100 and
a host 150.
FIG. 2 is a block diagram showing a circuit structure
of a data converting circuit 123.
FIG. 3 is a perspective view of the device 100 and a
connector 300.
FIG. 4 is a timing chart of a differential signal.
FIG. 5 is a flowchart of a device processing.
FIG. 6 is a flowchart of a host processing.
FIG. 7 is a flowchart of a device initialization protocol
processing.
FIG. 8 is a timing chart of the device initialization
protocol processing.
FIG. 9 is a flowchart of a host initialization protocol
processing.
FIG. 10 is a timing chart of the host initialization pro-
tocol processing, when the host initialization protocol
processing is performed using a single-ended signal.
FIG. 11 is a flowchart of a packet transmission
processing.
FIG. 12 is a timing chart of the packet transmission
processing.
FIG. 13 is a flowchart of a host standby mode tran-
sition processing.
FIG. 14 is a flowchart of a device standby mode tran-
sition processing.
FIG. 15 is a circuit diagram including a device 900
and a host 950.
FIG. 16 is a timing chart of a differential signal in a
modification.
FIG. 17 is a block diagram showing a circuit structure
of a detection circuit 1700.
FIG. 18 is a circuit diagram of an interface circuit
1800.

[Description of Embodiment]

[Embodiment]

<Overview>

[0023] The following explains a system including a de-
vice and a host as an embodiment of an interface circuit
pertaining to the present invention. The device is, for ex-

ample, a memory card equipped with an interface circuit
supporting both a single-ended method and a differential
method as a transmission method. The host is, for ex-
ample, a personal computer.
[0024] In the interface circuit used in this system, one
of pairs of input terminals for a differential signal is shared
to input/output a single-ended signal (hereinafter, this
pair is referred to as "pair of shared terminals").
[0025] Besides, a differential signal receiving circuit
that receives a differential signal input through the pair
of shared terminals is activated when a differential signal
is input through a pair of dedicated input terminals for a
differential signal. The pair of dedicated input terminals
are different from the pair of shared terminals. After the
differential signal receiving circuit is activated, the active
state is maintained by a link controller.
[0026] Accordingly, the host can control the active
state or the inactive state of the differential signal receiv-
ing circuit that receives a differential signal input through
the pair of shared terminals, by controlling a differential
signal output through the pair of dedicated input terminals
of the device. Moreover, the possibility of the differential
signal receiving circuit stopping at an unexpected timing
is reduced.
[0027] A structure of the interface circuit pertaining to
the present embodiment is described below with refer-
ence to the drawings.

<Structure>

[0028] FIG. 1 is a circuit diagram including a device
100 and a host 150.

<Device 100>

[0029] The device 100 is, for example, a memory card
of 32 GB (gigabyte) memory capacity. The device 100
includes a device interface circuit 101 that communicates
with the host 150, a flash storage circuit 102 that stores
therein data, and a terminal group for electrically con-
necting with the host 150.
[0030] The terminal group includes a DAT2 terminal
103, a DAT3 terminal 104, a CMD terminal 105, a CLK
terminal 106, a DAT0/RCLK+ terminal 107, a
DAT1/RCLK- terminal 108, a D0+ terminal 109, a D0-
terminal 110, a D1+ terminal 111, a D1- terminal 112, a
VDD terminal 117, and a VSS terminal 118.
[0031] The device interface circuit 101 includes a de-
vice differential interface circuit 120 that performs com-
munication using a differential signal, and a device sin-
gle-ended interface circuit 140 that performs communi-
cation using a single-ended signal.
[0032] The following explains a structure of the device
differential interface circuit 120.

<Device Differential Interface Circuit 120>

[0033] The device differential interface circuit 120 in-
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cludes a physical layer PHY 121 and a link controller 122.
[0034] The physical layer PHY 121 includes a data
converting circuit 123, a PLL (Phase Locked Loop) circuit
124, an OR circuit 125, a detection circuit 126, a differ-
ential clock input circuit 127, a differential data input cir-
cuit 128, a differential data output circuit 129, and resist-
ances 130 and 131.
[0035] The differential clock input circuit 127 includes
a data input terminal in0, a data input terminal in1, an
enable signal input terminal en, and a data output termi-
nal out. The differential clock input circuit 127 is electri-
cally connected to the DAT0/RCLK+ terminal 107, the
DAT1/RCLK-terminal 108, the resistance 130, the PLL
circuit 124, the link controller 122, and the flash storage
circuit 102. The differential clock input circuit 127 includes
the following functions.
[0036] Function: to be active while an enable signal for
activating the differential clock input circuit 127 is being
input through the enable signal input terminal en, so as
to receive a differential clock signal input through the data
input terminal in0 and the data input terminal in1, gener-
ate a single-ended clock signal having the same frequen-
cy as the received differential clock signal has based on
the received differential clock signal, and outputs the gen-
erated signal through the data output terminal out.
[0037] Here, the differential clock input circuit 127 can
receive a differential clock signal whose potential differ-
ence between peaks is approximately 400 mV.
[0038] Here, an active state represents a state where
a differential clock signal can be received. In this state,
electric power is constantly consumed regardless of
whether the differential clock signal is being received or
not, because a built-in constant current source constantly
sends current. On the other hand, an inactive state rep-
resents a state where the differential clock signal cannot
be received and the built-in constant current source does
not send current. Accordingly electric power is not con-
sumed in the inactive state.
[0039] In addition, the differential clock input circuit 127
receives a differential clock signal whose maximum op-
erating frequency is, for example, 150 MHz.
[0040] The differential data input circuit 128 has the
same circuit structure as the differential clock input circuit
127, and is electrically connected to the D0+ terminal
109, the D0- terminal 110, the resistance 131, the detec-
tion circuit 126, and the data converting circuit 123. The
differential data input circuit 128 includes the following
function.
[0041] Function: to be active while an enable signal for
activating the differential data input circuit 128 is being
input through the enable signal input terminal en, so as
to receive a differential data signal input through the data
input terminal in0 and the data input terminal in1, gener-
ate a single-ended data signal based on the received
differential data signal, and output the generated signal
through the data output terminal out.
[0042] The differential data output circuit 129 includes
a data input terminal in, a data output terminal out0, an

enable signal input terminal en and a data output terminal
out1, and is electrically connected to the D1+ terminal
111, the D1- terminal 112, the data converting circuit 123
and the link controller 122. The differential data output
circuit 129 includes the following two functions.
[0043] Function 1: to be active while an enable signal
for activating the differential data output circuit 129 is
being input through the enable signal input terminal en,
so as to generate a differential signal based on a single-
ended signal input through the data input terminal in, and
output the generated signal through the data output ter-
minal out0 and the data output terminal out1.
[0044] Here, the differential data output circuit 129 out-
puts a differential signal whose potential difference be-
tween peaks is approximately 400 mV. Also, the differ-
ential data output circuit 129 can output a differential data
signal whose maximum operating frequency is, for ex-
ample, 1500 MHz.
[0045] Function 2: to be inactive while an enable signal
is not being input through the enable signal input terminal
en, and set a potential of each of the data output terminal
out0 and the data output terminal out1 to a VSS potential
by using a built-in pull-down circuit.
[0046] Here, an active state represents a state where
a differential data signal can be output. In this state, since
a built-in constant current source constantly sends cur-
rent, electric power is constantly consumed. On the other
hand, an inactive state represents a state where the dif-
ferential data signal cannot be output and the built-in con-
stant current source does not send current. Accordingly
electric power is not consumed in the inactive state.
[0047] The PLL circuit 124 includes a clock input ter-
minal, a clock output terminal, an activate signal input
terminal and a lock signal output terminal, and is electri-
cally connected to the differential clock input circuit 127,
the data converting circuit 123, the link controller 122 and
the flash storage circuit 102. The PLL circuit 124 includes
the following two functions.
[0048] Function 1: to generate a clock signal whose
frequency is the same as a frequency of the differential
signal transmitted to the differential data input circuit 128
when a clock signal is input through the clock input ter-
minal while an activate signal for activating the PLL circuit
124 is being input through the activate signal input ter-
minal, so as to output the generated signal through the
clock output terminal.
[0049] Here, in the case where a frequency of the clock
signal input through the input terminal is, for example,
150 MHz, the PLL circuit 124 generates a clock signal
whose frequency is, for example, 1500 MHz, which is 10
times the frequency of the input clock signal, and outputs
the generated signal through the output clock terminal.
[0050] Function 2: to output a lock signal through the
lock signal output terminal, while a VCO (Voltage Con-
trolled Oscillator) included inside the PLL circuit 124 is
stably oscillating.
[0051] The detection circuit 126 includes a first input
terminal, a second input terminal, a hold signal input ter-

5 6 



EP 2 383 948 B1

5

5

10

15

20

25

30

35

40

45

50

55

minal and an output terminal, and is electrically connect-
ed to the D0+ terminal 109, the D0- terminal 110, the
differential data input circuit 128, the OR circuit 125 and
the link controller 122. The detection circuit 126 includes
the following function.
[0052] Function: (i) to output, through the output termi-
nal, a receive-enable signal indicating that differential da-
ta signal is being detected, when a potential difference
between the first input terminal and the second input ter-
minal has been equal to or larger than a threshold value
(here, 200 mV) for a predetermined time period, and (ii)
not to output the receive-enable signal through the output
terminal, when a potential difference between the first
input terminal and the second input terminal has been
smaller than the threshold value for a predetermined time
period.
[0053] Besides, the detection circuit 126 preferably in-
cludes hysteresis characteristics in detecting a potential
difference, so that detection of a differential signal is sta-
bilized.
[0054] Besides, while valid data is being received, bit
transitions from Low to High and High to Low might occur
in a differential signal input in the detection circuit 126,
and accordingly a stable detection might be impossible.
Therefore, the link controller 122 may continue outputting
a hold signal for a time period that elapses since the link
controller 122 started to receive the valid data by receiv-
ing the receive-enable signal from the detection circuit
126 until the valid data ends. While the hold signal is
being received, the detection circuit 126 may continue
outputting the receive-enable signal.
[0055] The OR circuit 125 is electrically connected to
the detection circuit 126, the link controller 122 and the
differential clock input circuit 127. The OR circuit 125 is
a two-input OR circuit that outputs an OR signal between
a receive-enable signal output from the detection circuit
126 and an enable mode signal output from the link con-
troller 122 for activating the differential clock input circuit
127, as an enable signal to the differential clock input
circuit 127.
[0056] The resistance 130 is electrically connected to
the DAT0/RCLK+ terminal 107 and the DAT1/RCLK- ter-
minal 108. The resistance 130 is a termination resistance
for making an amplitude of a differential clock signal ap-
propriate by matching impedance characteristics be-
tween the DAT0/RCLK+ terminal 107 and the
DAT1/RCLK- terminal 108, as viewed from the host 150.
A resistance value of the resistance 130 is, for example,
100 Ω.
[0057] The resistance 131 is electrically connected to
the D0+ terminal 109 and the D0- terminal 110. The re-
sistance 131 is a termination resistance for making an
amplitude of a differential data signal appropriate by
matching impedance characteristics between the D0+
terminal 109 and the D1-terminal 110, as viewed from
the host 150. A resistance value of the resistance 131 is,
for example, 100 Ω.
[0058] The data converting circuit 123 is electrically

connected to the differential data input circuit 128, the
differential data output circuit 129, the link controller 122,
the PLL circuit 124 and the differential clock input circuit
127. The data converting circuit 123 includes a function
for converting a signal input through the differential data
input circuit 128 and then outputting the converted signal
to the link controller 122, and a function for converting
the signal input through the link controller 122 and then
outputting the converted signal to the differential data
output circuit 129.
[0059] FIG. 2 is a circuit diagram showing a structure
of the data converting circuit 123.
[0060] As FIG. 2 shows, the data converting circuit 123
includes a serial-to-parallel converting circuit 201, a de-
coding circuit 202, a reception buffer 203, a parallel-to-
serial converting circuit 211, an encoding circuit 212 and
a transmission buffer 213.
[0061] The serial-to-parallel converting circuit 201 is
electrically connected to the differential data input circuit
128, the decoding circuit 202, the PLL circuit 124 and the
differential clock input circuit 127. The serial-to-parallel
converting circuit 201 receives a one-bit serial signal in-
put through the differential data input circuit 128 through
an one-bit flip-flop that operates synchronously with a
clock signal of, for example, 1500 MHz that is input
through the PLL circuit 124. The serial-to-parallel con-
verting circuit 201 then outputs the serial signal received
over 10 cycles through a 10-bit flip-flop that operates syn-
chronously with a clock signal of, for example, 150 MHz
that is input through the differential clock input circuit 127,
as a 10-bit parallel signal to the decoding circuit 202.
[0062] The decoding circuit 202 is electrically connect-
ed to the serial-to-parallel converting circuit 201 and the
reception buffer 203. The decoding circuit 202 decodes
a 10-bit signal that has been encoded using 8b/10b en-
coding and input through the serial-to-parallel converting
circuit 201, and outputs the decoded 8-bit signal to the
reception buffer 203.
[0063] The reception buffer 203 is an FIFO (First In
First Out) memory buffer that is electrically connected to
the decoding circuit 202 and the link controller 122. The
reception buffer 203 temporarily stores therein the 8-bit
signal input from the decoding circuit 202 and outputs
the same to the link controller 122.
[0064] The transmission buffer 213 is an FIFO memory
buffer that is electrically connected to the link controller
122 and the encoding circuit 212. The transmission buffer
213 temporarily stores therein the 8-bit signal input from
the link controller 122, and outputs the same to the en-
coding circuit 212.
[0065] The encoding circuit 212 is electrically connect-
ed to the transmission buffer 213 and the parallel-to-se-
rial converting circuit 211. The encoding circuit 212 gen-
erates a 10-bit signal by encoding an 8-bit signal output
from the transmission buffer 213 using 8b/10b encoding,
and outputs the generated 10-bit signal to the parallel-
to-serial converting circuit 211.
[0066] The parallel-to-serial converting circuit 211 is
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electrically connected to the encoding circuit 212, the dif-
ferential data output circuit 129, the PLL circuit 124 and
the differential clock input circuit 127. The parallel-to-se-
rial converting circuit 211 receives a 10-bit parallel signal
input from the encoding circuit 212 through a 10-bit flip-
flop that operates synchronously with a clock signal of,
for example, 150 MHz that is input from the differential
clock input circuit 127. The parallel-to-serial converting
circuit 211 then outputs the received signal as a serial
signal to the differential data output circuit 129 through
a one-bit flip-flop that operates synchronously with a
clock signal of, for example, 1500 MHz that is input from
the PLL circuit 124.
[0067] To return to FIG. 1 again, the explanation of the
structure of the device differential interface circuit 120
will be continued.
[0068] The link controller 122 is electrically connected
to the data converting circuit 123, the PLL circuit 124, the
OR circuit 125, the differential data output circuit 129, the
differential clock input circuit 127 and the flash storage
circuit 102. The link controller 122 includes the following
four functions.
[0069] Function 1: to control the physical layer PHY
121 to communicate with the host 150.
[0070] Function 2: to write data received from the host
150 in the flash storage circuit 102.
[0071] Function 3: to read data that is to be transmitted
to the host 150 from the flash storage circuit 102.
[0072] Function 4: to start outputting an enable mode
signal and an activate signal when a receive-enable sig-
nal is input from the detection circuit 126 and reception
of a clock is started at the time of initialization, and con-
tinue outputting the signals until a standby mode transi-
tion processing (described below) is performed.
[0073] The following explains a structure of the device
single-ended interface circuit 140.

<Device Single-ended Interface Circuit 140>

[0074] The device single-ended interface circuit 140
includes a buffer circuit 141 and a data processing circuit
142.
[0075] The buffer circuit 141 is electrically connected
to the DAT0/RCLK+ terminal 107, the DAT1/RCLK- ter-
minal 108, the DAT2 terminal 103, the DAT3 terminal
104, the CMD terminal 105, the CLK terminal 106, the
data processing circuit 142 and the flash storage circuit
102. The buffer circuit 141 includes the following three
functions.
[0076] Function 1: to receive a single-ended signal in-
put through each of the DAT0/RCLK+ terminal 107, the
DAT1/RCLK- terminal 108, the DAT2 terminal 103, the
DAT3 terminal 104 and the CMD terminal 105, and output
each received signal to the data processing circuit 142.
[0077] Function 2: when each signal output from the
data processing circuit 142 is input, to output each input
signal to a corresponding terminal as a single-ended sig-
nal.

[0078] Function 3: to receive a single-ended clock sig-
nal of, for example, 50 MHz that is input through the CLK
terminal 106, and output the received signal to the data
processing circuit 142 and the flash storage circuit 102.
[0079] The data processing circuit 142 is electrically
connected to the buffer circuit 141 and the flash storage
circuit 102. The data processing circuit 142 communi-
cates with the host 150 using the buffer circuit 141, writes
data received from the host 150 in the flash storage circuit
102, and reads data that is to be transmitted to the host
150 from the flash storage circuit 102.
[0080] Structures of other circuits are explained below.

<Other Circuits>

[0081] The flash storage circuit 102 is electrically con-
nected to the link controller 122, the data processing cir-
cuit 142, the buffer circuit 141 and the differential clock
input circuit 127. The flash storage circuit 102 includes
a nonvolatile memory such as a flash memory of 32 GB
and a control circuit for controlling the memory.
[0082] The VDD terminal 117 and the VSS terminal
118 receive electric power whose potential difference is,
for example, 3.3 V, from the host 150.
[0083] Each of the DAT2 terminal 103, the DAT3 ter-
minal 104 and the CMD terminal 105 is an input/output
terminal for inputting/outputting a single-ended signal
from/to the host 150. Each terminal is connected to the
buffer circuit 141.
[0084] The CLK terminal 106 is an input terminal for
inputting a single-ended clock signal from the host 150,
and connected to the buffer circuit 141.
[0085] The DAT0/RCLK+ terminal 107 and the
DAT1/RCLK- terminal 108 are a pair of input terminals
for inputting a differential clock signal from the host 150.
The pair also serves as two-bit input/output terminals for
inputting/outputting a two-bit single-ended signal from/to
the host 150. Each of the DAT0/RCLK+ terminal 107 and
the DAT1/RCLK- terminal 108 is connected to the differ-
ential clock input circuit 127, the resistance 130 and the
buffer circuit 141.
[0086] The D0+ terminal 109 and the D0- terminal 110
are a pair of input terminals for inputting a differential
data signal from the host 150. Each of the D0+ terminal
109 and the D0- terminal 110 is connected to the differ-
ential data input circuit 128, the detection circuit 126 and
the resistance 131.
[0087] The D1+ terminal 111 and the D1- terminal 112
are a pair of output terminals for outputting a differential
data signal to the host 150. Each of the D1+ terminal 111
and the D1- terminal 112 is electrically connected to the
differential data output circuit 129.

<Host 150>

[0088] The host 150 is an apparatus such as a personal
computer that communicates with the device 100, and
includes a host interface circuit 151 for communicating
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with the device 100, a CPU 163, a ROM 164, a RAM 165,
a bus 166, an unillustrated input device and a terminal
group for electrically connecting with the device 100.
[0089] The terminal group includes a DAT2 terminal
153, a DAT3 terminal 154, a CMD terminal 155, a CLK
terminal 156, a DAT0/RCLK+ terminal 157, a
DAT1/RCLK- terminal 158, a D0+ terminal 159, a D0-
terminal 160, a D1+ terminal 161, a D1- terminal 162, a
VDD terminal 167, and a VSS terminal 168.
[0090] The host interface circuit 151 includes a host
differential interface circuit 170 performing communica-
tion using a differential signal, a host single-ended inter-
face circuit 190 performing communication using a sin-
gle-ended signal, and a clock generator 181 generating
a clock signal.
[0091] The following explains a structure of the host
differential interface circuit 170.

<Host Differential Interface Circuit 170>

[0092] The host differential interface circuit 170 in-
cludes a physical layer PHY 171 and a link controller 172.
[0093] The physical layer PHY 171 includes a data
converting circuit 173, a PLL circuit 174, a detection cir-
cuit 176, a differential clock output circuit 177, a differ-
ential data output circuit 178, a differential data input cir-
cuit 179 and a resistance 180.
[0094] The differential clock output circuit includes a
data input terminal in, a data output terminal out0, an
enable signal input terminal en, and a data output termi-
nal out1, and is electrically connected to the clock gen-
erator 181, the DAT0/RCLK+ terminal 157, the
DAT1/RCLK- terminal 158 and the link controller 172.
The differential clock output circuit 177 includes the fol-
lowing two functions.
[0095] Function 1: to be active while an enable signal
for activating the differential data output circuit 177 is
being input through the enable signal input terminal en,
so as to generate a differential signal based on a single-
ended signal input through the data input terminal in, and
output the generated signal through the data output ter-
minal out0 and the data output terminal out1.
[0096] Here, the differential clock output circuit 177
outputs a differential signal whose potential difference
between peaks is approximately 400 mV, and can output
a differential data signal whose maximum operating fre-
quency is, for example, 1500 MHz.
[0097] Function 2: to be inactive while an enable signal
is not being input through the enable signal input terminal
en, so that each of the data output terminal out0 and the
data output terminal out1 is placed in a high impedance
state.
[0098] The differential data output circuit 178 has the
same circuit structure as the differential data output cir-
cuit 129, and is electrically connected to the data con-
verting circuit 173, the D0+ terminal 159, the D0- terminal
160 and the link controller 172.
[0099] The differential data input circuit 179 has the

same circuit structure as the differential data input circuit
128, and is electrically connected to the D1+ terminal
161, the D1- terminal 162, the resistance 180, the detec-
tion circuit 176, and the data converting circuit 173.
[0100] The PLL circuit 174 includes a clock input ter-
minal and a clock output terminal, and is electrically con-
nected to the clock generator 181 and the data converting
circuit 173. When a clock signal of, for example, 150 MHz
is input to the clock input terminal, the PLL circuit 174
generates a clock signal whose frequency is, for exam-
ple, 1500 MHz, which is 10 times the input clock signal,
and outputs the generated signal through the output clock
terminal.
[0101] The detection circuit 176 has the same circuit
structure as the detection circuit 126, and is electrically
connected to the D1+ terminal 161, the D1- terminal 162,
the differential data input circuit 179 and the link controller
172.
[0102] The resistance 180 is electrically connected to
the D1+ terminal 161 and the D1- terminal 162. The re-
sistance 180 is a termination resistance for making an
amplitude of a differential data signal appropriate by
matching impedance characteristics between the D1+
terminal 161 and the D1-terminal 162, as viewed from
the host 150. A resistance value of the resistance 180 is,
for example, 100 Ω.
[0103] The data converting circuit 173 has the same
circuit structure as the data converting circuit 123, and
is electrically connected to the differential data input cir-
cuit 128, the differential data output circuit 129, the link
controller 122, the PLL circuit 124 and the differential
clock input circuit 127.
[0104] The link controller 172 is electrically connected
to the data converting circuit 173, the PLL circuit 174, the
differential data input circuit 179, the differential clock
output circuit 177 and the bus 166. The link controller
172 includes the following three functions.
[0105] Function 1: to control the physical layer PHY
121 to communicate with the device 100.
[0106] Function 2: to output data received from the de-
vice 100 to the bus 166.
[0107] Function 3: to read data that is to be transmitted
to the device 100 from the bus 166.
[0108] The following explains a structure of the host
single-ended interface circuit 190.

<Host Single-ended Interface Circuit 190>

[0109] The host single-ended interface circuit 190 is
an interface circuit to perform communication with the
device 100 using a single-ended signal, and includes a
buffer circuit 191, a data processing circuit 192, and pull-
up resistances 182-186.
[0110] The buffer circuit 191 is electrically connected
to the DAT0/RCLK+ terminal 157, the DAT1/RCLK- ter-
minal 158, the DAT2 terminal 153, the DAT3 terminal
154, the CMD terminal 155, the CLK terminal 156, the
data processing circuit 192 and the bus 166. The buffer
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circuit 191 includes the following three functions.
[0111] Function 1: to receive a single-ended signal in-
put through each of the DAT0/RCLK+ terminal 157, the
DAT1/RCLK- terminal 158, the DAT2 terminal 153, the
DAT3 terminal 154 and the CMD terminal 155 so as to
output each received signal to the data processing circuit
192.
[0112] Function 2: to receive each signal output from
the data processing circuit 192 and output each received
signal to a corresponding terminal.
[0113] Function 3: to receive a single-ended clock sig-
nal of, for example, 50 MHz input from the clock generator
181 so as to output the received signal to the CLK terminal
156.
[0114] The data processing circuit 192 is electrically
connected to the buffer circuit 191, the clock generator
181 and the bus 166. The data processing circuit 192
communicates with the device 100 using the buffer circuit
191, outputs data received from the device 100 to the
bus 166, and reads data that is to be transmitted to the
device 100 from the bus 166.
[0115] Each of the pull-up resistances 182-186 pulls a
potential up to a VDD potential, so that a corresponding
wire is not placed in a high impedance state. Each re-
sistance value of the pull-up resistances 182-186 is, for
example, 50 kΩ.
[0116] Structures of other circuits are explained below.

<Other Circuits>

[0117] The clock generator 181 is electrically connect-
ed to the link controller 172, the PLL circuit 174, the dif-
ferential clock output circuit 177, the buffer circuit 191
and the data processing circuit 192. The clock generator
181 generates a clock signal of 50 MHz and 150 MHz,
outputs the generated clock signal of 50 MHz to the buffer
circuit 191 and the data processing circuit 192, and out-
puts the generated clock signal of 150 MHz to the link
controller 172, the PLL circuit 174 and the differential
clock output circuit 177.
[0118] The CPU 163 is electrically connected to the
bus 166 to control the ROM 164, the RAM 165 and the
host interface circuit 151 by executing a program stored
in the ROM 164 or the RAM 165, and accordingly realizes
various functions. For example, the CPU 163 realizes
data transmission to device 100 by instructing the link
controller 172 to store data stored in the RAM 165 in the
flash storage circuit 102.
[0119] The ROM 164 is electrically connected to the
bus 166, and stores therein a program for defining an
operation of the CPU 163 and data used by the CPU 163.
[0120] The RAM 165 is electrically connected to the
bus 166, and temporarily stores therein data that is to be
generated in accordance with execution of a program by
the CPU 163.
[0121] The bus 166 is electrically connected to the
CPU 163, the ROM 164, the RAM 165, the link controller
172 and the data processing circuit 192.

[0122] The VDD terminal 167 and the VSS terminal
168 supply electric power whose potential difference is,
for example, 3.3 V, to the device 100.
[0123] Each of the DAT2 terminal 153, the DAT3 ter-
minal 154 and the CMD terminal 155 is a terminal for
inputting/outputting a single-ended signal from/to the de-
vice 100, and connected to the buffer circuit 191.
[0124] The CLK terminal 156 is an output terminal for
inputting a single-ended clock signal to the device 100,
and connected to the buffer circuit 191.
[0125] The DAT0/RCLK+ terminal 157 and the
DAT1/RCLK- terminal 158 are a pair of output terminals
for outputting a differential clock signal to the device 100.
The pair serves as two-bit input/output terminals for in-
putting/outputting a two-bit single-ended signal from/to
the device 100. Each of the DAT0/RCLK+ terminal 157
and the DAT1/RCLK- terminal 158 is electrically connect-
ed to the differential clock output circuit 177 and the buffer
circuit 191.
[0126] The D0+ terminal 159 and the D0- terminal 160
are a pair of output terminals for outputting a differential
data signal to the device 100, and each of them is elec-
trically connected to the differential data output circuit
178.
[0127] The D1+ terminal 161 and the D1- terminal 162
are a pair of input terminals to input a differential data
signal from the device 100, and each of them is connect-
ed to the differential data input circuit 179, the detection
circuit 176 and the resistance 180.
[0128] An input device (not illustrated) is an input in-
terface for receiving input of a command to operate the
host 150 from a user who operates the host 150, and
includes, for example, a keyboard and a mouse.
[0129] The following explains a connection configura-
tion between the above described device 100 and host
150, with reference to the drawing.
[0130] FIG. 3 is a perspective view of the device 100
and a connector 300 that is a part of the host 150.
[0131] The device 100 is connected to the host 150 by
being inserted into the connector 300.
[0132] As FIG. 3 shows, the device 100 is a card-like
element that is, for example, 32 mm in length, 24 mm in
width and 2.1 mm in thickness, and includes a group of
terminals made of metal (such as copper) on a main sur-
face thereof.
[0133] The host 150 includes the connector 300, a con-
nection cable 310 and an unillustrated host housing. The
connector 300 and the host housing are connected with
each other through the connection cable 310.
[0134] The connector 300 includes an insertion hole
301 in which the device 100 is inserted, and a group of
terminals made of metal (such as copper) inside the in-
sertion hole 301.
[0135] When the device 100 is inserted in the insertion
hole 301, each terminal in the insertion hole 301 comes
to physical contact with a corresponding terminal of the
device 100. That is, each terminal in the insertion hole
301 is electrically connected to the corresponding termi-
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nal of the device 100.

<Differential Signal>

[0136] The following explains a differential signal used
for communication between the device 100 and the host
150, with reference to the drawing.
[0137] FIG. 4 is a timing chart of a differential signal
output by the differential data output circuit 178, as an
example of a differential signal used in communication
between the device 100 and the host 150.
[0138] This timing chart shows an example in which,
when an enable signal of the differential data output cir-
cuit 178 is output between a time T1 and a time T5, the
differential data output circuit 178 outputs a differential
packet signal that is packet data composed of a differ-
ential signal.
[0139] As FIG. 4 shows, a differential signal used in
communication between the device 100 and the host 150
is 400 mV in amplitude, and when a potential of one signal
wire is 0 V, a potential of another signal wire is 400 mV.
[0140] Prior to the time T1, an enable signal of the dif-
ferential data output circuit 178 is not being output, and
accordingly the differential data output circuit 178 is in-
active. Then a signal of a VSS potential of 0 V is output
through both of the D0+ terminal 159 and the D0- terminal
160.
[0141] When an enable signal of the differential data
output circuit 178 is output at the time T1, the differential
data output circuit 178 changes from the inactive state
to an active state, and starts outputting a differential Low
signal that corresponds to a logical value "0", which is an
input signal.
[0142] Here, the differential Low signal represents a
differential signal indicating a logical value "0", and for
example, a voltage of the D0+ terminal 159 is 0 V and a
voltage of the D0+ terminal of the D0- terminal 160 is 400
mV.
[0143] The differential data output circuit 178 operates
at an operating frequency of 1500 Hz in an active state,
and continues outputting a differential Low signal while
the logical value "0" is being input.
[0144] At the time T2, a synchronization signal of a
predetermined number of cycles starts to be input to the
differential data output circuit 178, and the differential
data output circuit 178 starts outputting a differential syn-
chronization signal that is a differential signal corre-
sponding to the synchronization signal.
[0145] Here, the synchronization signal represents a
symbol different from a D symbol used for normal data
transmission of 8b/10b encoding, and for example, a
symbol referred to as K28.5 in 8b/10b encoding is used.
[0146] At a time T3, a packet signal composed of com-
bination of D symbols in 8b/10b encoding starts to be
input to the differential data circuit 178, and the differential
data output circuit 178 starts to output a packet.
[0147] At a time T4, a logical value of an input signal
of the differential data output circuit 178 becomes "0",

and the differential data output circuit 178 starts to output
a differential Low signal again.
[0148] When an enable signal from the differential data
output circuit 178 stops being output at a time T5, the
differential data output circuit 178 changes from the ac-
tive state to the inactive state, and starts to output a signal
of a VSS potential of 0 V, to both the D0+ terminal 159
and the D0- terminal 160.

<Operation>

[0149] A system composed of the device 100 and the
host 150 performs various processings, for example, the
host 150 reads data stored in the device 100.
[0150] Here, processings performed by the system are
divided into a device processing performed by the device
100 and a host processing performed by the host 150,
and each processing is explained with reference to the
drawing.

<Device Processing>

[0151] The device processing represents a processing
in which the device 100 communicates with the host 150
using a differential signal.
[0152] FIG. 5 is a flowchart of the device processing
performed by the device 100.
[0153] The device processing starts when a user using
the system composed of the device 100 and the host 150
inserts the device 100 in the connector 200.
[0154] When the device 100 is inserted in the connec-
tor 200, the VDD terminal 117 and the VDD terminal 167
come to contact with each other, and the VSS terminal
118 and the VSS terminal 168 come to contact with each
other. Then electric power whose potential difference is,
for example, 3.3 V is supplied from the host 150 through
the VDD terminal 117 and the VSS terminal 118, and
accordingly the device 100 is activated.
[0155] When the device 100 is activated, the link con-
troller 122 and the physical layer PHY 121 are reset by
power-on reset and initialized (Step S500) to be in stand-
by mode.
[0156] During the standby mode, the differential clock
input circuit 127, the differential data input circuit 128 and
the differential data output circuit 129 are in an inactive
state, and accordingly the PLL circuit 124 becomes in-
active.
[0157] After being placed in the standby mode, the de-
vice 100 becomes a state where packet communication
is possible using the host 150 and a differential signal,
by executing a device initialization processing (Step
S510) that is described later.
[0158] After a processing of the Step S510 ends, the
device 100 executes a packet processing (Step S520)
that is described later and performs packet communica-
tion with the host 150.
[0159] After the packet communication with the host
150 ends, the device 100 returns to the standby mode
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by executing a device standby mode transition process-
ing (Step S530) that is described later.
[0160] After the device 100 is placed in the standby
mode again, if the device 100 is removed from the con-
nector 200 and accordingly electric power stops being
supplied through the VDD terminal 117 and the VSS ter-
minal 118 (Step S540: Yes), the device processing ends.
[0161] After the device 100 is placed in the standby
mode again, if the device 100 is not removed from the
connector 200 and accordingly electric power does not
stop being supplied through the VDD terminal 117 and
the VSS terminal 118 (Step S540: No), the device
processing returns to Step S510 and processings of Step
S510 onward are performed.

<Host Processing>

[0162] The host processing represents a processing
in which the host 150 communicates with the device 100
using a differential signal.
[0163] FIG. 6 is a flowchart of the host processing per-
formed by the host 150.
[0164] The host processing starts when a user who
uses the system composed of the device 100 and the
host 150 inserts the device 100 in the connector 200 to
operate an input device of the host 150 to input a notifi-
cation signal indicating that the device 100 is electrically
connected to the CPU 163.
[0165] When the notification signal indicating that the
device 100 is connected to the CPU 163 is input, the CPU
163 resets the link controller 172 and the physical layer
PHY 171 by power-on reset for initialization (Step S600).
[0166] When the link controller 172 and the physical
layer PHY 171 are initialized, a host initialization process-
ing that is described later (Step S610) is executed, and
then the device 100 is placed in a state where packet
communication is possible using a differential signal.
[0167] After a processing of the Step S610 ends, the
host 150 executes a packet processing (Step S620) that
is described later to perform packet communication with
the device 100.
[0168] After the packet communication with the device
100 ends, the host 150 executes a host standby mode
transition processing (Step S630) that is described later
to set the device 100 to the standby mode, and causes
the link controller 172 and the physical layer PHY 171 to
return to the initialized state in Step S600.
[0169] After a processing of Step S630 ends, when a
user operates the input device of the host 150 to input a
notification signal indicating that the device 100 is dis-
connected to the CPU 163 (Step S640: Yes), the CPU
163 turns off an electric power source that supplies elec-
tric power to the link controller 172 and the physical layer
PHY 171. Then the host processing ends.
[0170] After a processing of Step S630 ends, if the no-
tification signal indicating that the device 100 is discon-
nected to the CPU 163 is not input to the host 150 (Step
S640: No), the host processing returns to Step S610 and

the host 150 executes processings of Step S610 onward.

<Device Initialization Protocol Processing>

[0171] The device initialization protocol processing al-
lows the device 100 to perform packet communication
with the host 150 using a differential signal.
[0172] FIG. 7 is a flowchart of the device initialization
protocol processing. FIG. 8 is a timing chart of the device
initialization protocol processing.
[0173] Device initialization protocol processing starts
when the device 100 is placed in the standby mode.
[0174] During the standby mode, the device 100 waits
for a differential Low signal to be input through the D0+
terminal 109 and the D0- terminal 110 (Step S700).
[0175] When the differential Low signal is input through
the D0+ terminal 109 and the D0-terminal 110 (FIG. 8,
time T11), the detection circuit 126 detects input of the
differential signal, and then outputs a receive-enable sig-
nal (Step S705: time T12).
[0176] The differential clock input circuit 127 and the
differential data input circuit 128 are activated when the
receive-enable signal is input (Step S710), and the dif-
ferential clock input circuit 127 starts receiving a differ-
ential reference clock signal and the differential data input
circuit 128 starts receiving the differential Low signal
(Step S715).
[0177] When starting receiving a reference clock
based on the receive-enable signal, the link controller
122 outputs an enable mode signal and an activate signal
(Step S720), and accordingly the PLL circuit 124 is acti-
vated. After that, the differential clock input circuit 127
continues receiving the reference clock signal based not
on the receive-enable signal from the detection circuit
126 but on the enable mode signal.
[0178] On the other hand, the link controller 122 acti-
vates the differential data output circuit 129 by sending
the enable signal thereto, and causes the differential data
output circuit 129 to output the differential Low signal to
the D1+ terminal 111 and the D1- terminal 112 (Step
S725: time T13).
[0179] The PLL circuit 124 is in a state where oscillation
is unstable (oscillation wait state of the PLL circuit 124:
Step S730) for a while after activation. After oscillation
becomes stable and the PLL circuit 124 is placed in a
lock state (Step S735), the PLL circuit 124 notifies the
link controller 122 that the PLL circuit 124 is in the lock
state by outputting a lock signal to the link controller 122.
[0180] When the lock signal is received, the link con-
troller 122 waits for a differential synchronization signal
to be input through the D0+ terminal 109 and the D0-
terminal 110 (Step S740).
[0181] When the differential synchronization signal is
input through the D0+ terminal 109 and the D0- terminal
110, the link controller 122 causes the differential data
output circuit 129 to output the differential synchroniza-
tion signal to the D1+ terminal 111 and the D1- terminal
112 (Step S745: time T14), and then waits for the differ-
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ential Low signal to be input through the D0+ terminal
109 and the D0- terminal 110 (Step S750).
[0182] When the differential data input circuit 128 re-
ceives the differential Low signal input through the D0+
terminal 109 and the D0- terminal 110 (time T15), the
link controller 122 causes the differential data output cir-
cuit 129 to output the differential Low signal through the
D1+ terminal 111 and the D1- terminal 112 for a prede-
termined cycle. After that, the link controller 122 stops
the enable signal output to the differential data output
circuit 129, and places the differential data output circuit
129 in an inactive state (Step S755: time T16).
[0183] On the other hand, when the differential Low
signal stops being input through the D0+ terminal 109
and the D0- terminal 110, the detection circuit 126 stops
outputting the receive-enable signal (Step S760).
[0184] When the receive-enable signal stops being
output, the differential data input circuit 128 is placed in
an inactive state.
[0185] When processings of Step S755 and Step S760
end, the device initialization protocol processing ends.
[0186] Even if the device initialization protocol
processing ends, the link controller 122 continues out-
putting the enable mode signal and the activate signal.
Accordingly, the differential clock input circuit 127 con-
tinues receiving the differential reference clock signal and
the PLL circuit 124 continues oscillating.

<Host Initialization Protocol Processing>

[0187] In the host initialization protocol processing, the
host 150 allows the device 100 to perform communica-
tion.
[0188] FIG. 9 is a flowchart of the host initialization pro-
tocol processing. FIG. 10 is a timing chart of the host
initialization protocol processing using a single-ended
signal.
[0189] The host initialization protocol processing starts
when the link controller 172 and the physical layer PHY
171 are initialized.
[0190] When the link controller 172 and the physical
layer PHY 171 are initialized and the host differential in-
terface circuit 170 is activated appropriately (Until S900
is Yes, Step S900: No is repeated), the link controller 172
outputs a logical value "0" to the data converting circuit
173. Then the link controller 172 activates the differential
clock output circuit 177 by outputting an enable signal
thereto, and activates the differential data output circuit
178 by outputting an enable mode signal thereto.
[0191] When the differential clock output circuit 177 is
activated, the differential clock output circuit 177 gener-
ates a differential reference signal of 150 MHz by using
a clock signal of 150 MHz input from a clock generator.
Then the generated signal is output through the
DAT0/RCLK+ terminal 157 and the DAT1/RCLK- termi-
nal 158. When the differential data output circuit 178 is
activated, a differential Low signal corresponding to the
input logical value "0" is output to the D0+ terminal 159

and the D0- terminal 160 (Step S910).
[0192] On the other hand, the link controller 172 checks
whether the differential Low signal is input through the
D1+ terminal 161 and the D1- terminal 162 within a pre-
determined time period t1 (for example, 200 ms) elapsed
since the enable signal was output to the differential data
output circuit 178 (Step S920).
[0193] In a processing of Step S920, when the differ-
ential Low signal is input within the predetermined time
period t1 (for example, 200 ms) (Step S920: Yes), the
link controller 172 causes the differential data output cir-
cuit 178 to repeatedly output a differential synchroniza-
tion signal through the D0+ terminal 159 and the D0-
terminal 160 (Step S930), and then waits for the differ-
ential synchronization signal to be input through the D1+
terminal 161 and the D1- terminal 162 (Step S940).
[0194] When the differential data input circuit 179 re-
ceives the differential synchronization signal input
through the D1+ terminal 161 and the D1- terminal 162,
the link controller 172 causes the differential data output
circuit 178 to output the differential Low signal through
the D0+ terminal 159 and the D0- terminal 160 for a pre-
determined cycle. After that, the differential data output
circuit 178 is placed in an inactive state, and accordingly
a differential signal stops being output (Step S950).
[0195] When the link controller 172 stops outputting
the differential signal by placing the differential data out-
put circuit 178 in the inactive state, the host initialization
protocol processing ends.
[0196] In this case, even when the host initialization
protocol processing ends, the differential clock output cir-
cuit 177 continues outputting the differential reference
signal.
[0197] In a processing of Step S920, when the differ-
ential Low signal is not input within the predetermined
time period t1 (for example, 200 ms) (Step S920: No),
the link controller 172 places the differential clock output
circuit 177 in an inactive state so as to stop outputting
the differential reference signal, and places the differen-
tial data output circuit 178 in an inactive state so as to
stop outputting the differential Low signal (Step S960).
[0198] Examples in which the differential Low signal is
not input within the predetermined time period t1 (for ex-
ample, 200 ms) in a processing of Step S920 are as fol-
lows: a circuit of device 100 for transmitting/receiving a
differential signal is broken; the device 100 and the host
150 cannot communicate with each other appropriately
using a differential signal, due to a problem such as con-
tact failure between a terminal of the device 100 and a
terminal of the host 150; and a device inserted in the
connector 200 is not the device 100 and not equipped
with a circuit for transmitting/receiving a differential sig-
nal.
[0199] When a processing of Step S960 ends, the link
controller 172 outputs, to the data processing circuit 192
through the bus 166, a signal indicating that communi-
cation using a differential signal has not been performed
appropriately.
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[0200] When receiving the signal indicating that com-
munication using a differential signal has not been per-
formed appropriately, the data processing circuit 192
communicates with the data processing circuit 142 using
a single-ended signal so as to initialize the device 100
(Step S970: between times T21-T22 in FIG. 10).
[0201] When the device 100 is initialized, the host ini-
tialization protocol processing ends.
[0202] In this case, communication between the device
100 and the host 150 after that is performed using a sin-
gle-ended signal.

<Packet Transmission Processing>

[0203] The packet transmission processing represents
a processing in which the host 150 transmits a packet to
the device 100, or the device 100 transmits a packet to
the host 150, using a differential signal.
[0204] The following explains a case where the host
150 transmits a packet to the device 100 using a differ-
ential signal. However, a case where the device 100
transmits a packet signal to the host 150 using a differ-
ential signal is the same processing.
[0205] FIG. 11 is a flowchart of a packet transmission
processing. FIG. 12 is a timing chart of a packet trans-
mission processing.
[0206] In a processing of transmitting a packet to the
device 100 using a differential signal, the link controller
172 of the host 150 first causes the differential data output
circuit 178 to output a differential Low signal through the
D0+ terminal 159 and the D0- terminal 160 for a prede-
termined cycle (Step S1100: time T31 in FIG. 12).
[0207] When the differential Low signal is input through
the D0+ terminal 109 and the D0-terminal 110 of the de-
vice 100, the detection circuit 126 detects input of the
differential Low signal and accordingly outputs a receive-
enable signal. The differential data input circuit 128 then
becomes active (Step S1110) to start receiving the dif-
ferential Low signal.
[0208] When outputting the differential Low signal for
a predetermined cycle, the link controller 172 of the host
150 causes the differential data output circuit 178 to out-
put a differential synchronization signal that continues,
for example, 10 times, through the D0+ terminal 159 and
the D0- terminal 160 (Step S1120: time T32).
[0209] The link controller 122 of the device 100 re-
ceives the differential synchronization signal through the
differential data input circuit 128.
[0210] After a processing of Step S1120 ends, the link
controller 172 of the host 150 causes the differential data
output circuit 178 to output a packet composed of a dif-
ferential signal through the D0+ terminal 159 and the D0-
terminal 160 (Step S1130: time T33).
[0211] The link controller 122 of the device 100 re-
ceives a packet through the differential data input circuit
128.
[0212] After a processing of Step S1130 ends, the link
controller 172 of the host 150 causes the differential data

output circuit 178 to output a differential Low signal
through the D0+ terminal 159 and the D0- terminal 160
(Step S1140: time T34).
[0213] When receiving the differential Low signal
through the differential data input circuit 128, the link con-
troller 122 of the device 100 places the differential data
output circuit 178 in an inactive state. Accordingly, the
differential signal stops being output through the D0+ ter-
minal 159 and the D0- terminal 160 (Step S1150: time
T35).
[0214] When the differential signal stops being input
through the D0+ terminal 109 and the D0-terminal 110,
the detection circuit 126 no longer detects the differential
signal, and stops outputting the receive-enable signal.
Accordingly, the differential data input circuit 128 is
placed in an inactive state, and the packet transmission
processing ends.

<Host Standby Mode Transition Processing>

[0215] In the host standby mode transition processing,
the host 150 communicates with the device 100 so that
the device 100 is transited to a standby mode.
[0216] FIG. 13 is a flowchart of the host standby mode
transition processing.
[0217] When the host standby mode transition
processing starts, the host 150 transmits a command
(hereinafter, referred to as a standby command) placing
the device 100 in a standby mode to the device 100, as
a packet (Step S1300). Transmission of a standby com-
mand is realized by the above described packet trans-
mission processing.
[0218] When receiving a command (hereinafter, re-
ferred to as a response command) from the device 100
indicating that the standby command has been received
(step S1310), the host 150 stands by until a predeter-
mined time period t2 (for example, 200 ms) elapses since
the standby command was transmitted and the detection
circuit 176 stops outputting the receive-enable signal
(Step S1320).
[0219] After a processing of Step S1320 ends, the host
150 causes the link controller 172 and the physical layer
PHY 171 to return to a state immediately after power-on
reset initialization (Step S1330), and stops outputting a
differential reference signal from the differential clock out-
put circuit 177 (Step S1340).
[0220] When the host 150 causes the differential clock
output circuit 177 to stop outputting the differential refer-
ence signal, the host standby mode transition processing
ends.

<Device Standby Mode Transition Processing>

[0221] The device standby mode transition processing
represents a processing in which the device 100 receives
a standby command from the host 150 and places the
device 100 per se in a standby mode.
[0222] FIG. 14 is a flowchart of the device standby
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mode transition processing.
[0223] The device standby mode transition processing
starts when the device 100 receives a standby command
transmitted by the host 150.
[0224] When receiving a standby command transmit-
ted by the host 150 (Step S1400), the device 100 trans-
mits, to the host 150, a command (hereinafter, referred
to as a response command) indicating that the standby
command has been received (Step S1410). Transmis-
sion of the response command is realized by the above
described packet transmission processing.
[0225] When a processing of Step S1410 ends, the
device 100 stands by until the detection circuit 126 stops
outputting a receive-enable signal (Step S1420).
[0226] When a processing of Step S1420 ends, the
device 100 places each of the link controller 122 and the
physical layer PHY 121 in a standby mode, which is the
same as a state immediately after power-on reset initial-
ization (Step S1430).
[0227] In a processing of Step S1430, the link controller
122 stops outputting the enable mode signal and the ac-
tivate signal.
[0228] When a processing of Step S1430 ends, the
device 100 stops receiving the differential reference sig-
nal input from the host 150 (Step S1440). Accordingly,
the device standby mode transition processing ends.
[0229] Here, the device 100 needs to execute process-
ings from transmission of the response command to the
host 150 (Step S1410) to stop of reception of the differ-
ential reference signal input from the host 150 (Step
S1440), within a predetermined time period t2 (for exam-
ple, 200 ms).
[0230] This is because, when stopping receiving the
differential reference signal, the device 100 becomes un-
able to execute processings of Step S1430 and Step
S1440.
[0231] In other words, the host 150 needs to stand by
for the predetermined time period t2 (for example, 200
ms) in Step S1320 (see FIG. 13), so that the device 100
can normally execute Step S1430 and Step S1440.

<Conclusion>

[0232] According to the system composed of the de-
vice 100 and the host 150, the host 150 controls input of
a differential signal through the pair of dedicated receiv-
ing terminals (D0+ terminal 109 and D0- terminal 110)
for a differential signal, so as to control activation of the
differential data input circuit 128 connected to the pair of
terminals (the DAT0/RCLK+ terminal 107 and the
DAT1/RCLK- terminal 108) used for receiving a differen-
tial signal and transmitting/receiving a single-ended sig-
nal. After the activation, the differential data input circuit
128 is maintained active by the enable mode signal out-
put by the link controller 122.
[0233] When receiving the standby command while
outputting the enable mode signal, the link controller 122
waits until the detection circuit 126 no longer detects input

of a differential signal, and then stops outputting the en-
able mode signal.
[0234] Besides, once the initialization protocol
processing makes oscillation of the PLL circuit 124 sta-
ble, the PLL circuit 124 continues oscillating until the
standby mode transition processing stops an operation
of the PLL circuit 124. Accordingly, the device 100 does
not need to wait for the PLL circuit 124 to start oscillating
at each communication.

<Modification>

<Overview>

[0235] The following explains an interface circuit used
in a modified system that is formed by modifying a part
of a system composed of the device 100 and the host
150 pertaining to the embodiment, as a modification of
the interface circuit pertaining to the present invention
[0236] In the embodiment, each differential signal out-
put circuit for outputting a differential signal constantly
outputs a signal of a VSS potential through the data out-
put terminal out0 and the data output terminal out1 while
an enable signal is not being input through the enable
signal input terminal en. However, the modification ex-
plains an example of each differential signal output circuit
for outputting a differential signal, in which the data output
terminal out0 and the data output terminal out1 are placed
in a high impedance state while an enable signal is not
being input through the enable signal input terminal en.
[0237] The following explains a structure of an inter-
face circuit pertaining to the present modification with
reference to the drawings, and the explanation centers
around a difference from the interface circuit pertaining
to the embodiment.

<Structure>

[0238] FIG. 15 is a circuit diagram including a device
900 and a host 950.
[0239] A device 900 is formed by modifying the device
100 in the embodiment so that the differential data output
circuit 129 is modified to a differential data output circuit
929, a pull-up resistance 911 is additionally connected
to a wire connected to the D1+ terminal 111, and a pull-
up resistance 912 is additionally connected to a wire con-
nected to the D1- terminal 112.
[0240] In accordance with these modifications and ad-
ditions, the physical layer PHY 121 that is at a higher
hierarchy than the modified or added circuits is modified
to a physical layer PHY 921, the device differential inter-
face circuit 120 is modified to a device differential inter-
face circuit 920, and the device interface circuit 101 is
modified to a device interface circuit 901.
[0241] The differential data output circuit 929 is formed
by modifying a part of the functions of the differential data
output circuit 129 in the embodiment, and includes the
following function in addition to Function 1 of the differ-
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ential data output circuit 129.
[0242] Modified Function 2: to be in an inactive state
while an enable signal is not being input through the en-
able signal input terminal en, and place each output of
the data output terminal out0 and the data output terminal
out1 in a high impedance state.
[0243] Each of the pull-up resistances 911 and 912
pulls a potential up to a VDD potential (for example, 3.3
V), so that a corresponding wire is not placed in a high
impedance state. Each resistance value of the pull-up
resistances 911 and 912 is, for example, 50 kΩ.
[0244] The host 950 is formed by modifying the host
150 in the embodiment so that the differential clock output
circuit 177 is modified to a differential clock output circuit
977, the differential data output circuit 178 is modified to
a differential data output circuit 978, a pull-up resistance
903 is additionally connected to a wire connected to the
D0+ terminal 159, and a pull-up resistance 904 is addi-
tionally connected to a wire connected to the D0- terminal
160.
[0245] In accordance with these modifications and ad-
ditions, the physical layer PHY 171 that is at a higher
hierarchy than the modified or added circuits is modified
to a physical layer PHY 971, the host differential interface
circuit 170 is modified to a host differential interface circuit
970, the host single-ended interface circuit 190 is modi-
fied to a host single-ended interface circuit 990, and the
host interface circuit 151 is modified to a device interface
circuit 951.
[0246] The differential clock output circuit 977 includes
the same circuit structure and characteristics as the dif-
ferential data output circuit 929.
[0247] The differential data output circuit 978 includes
the same circuit structure and characteristics as the dif-
ferential data output circuit 929.

<Differential Signal>

[0248] The following explains a differential signal used
for communication between the device 900 and the host
950, with reference to the drawing.
[0249] FIG. 16 is a timing chart of a differential signal
output from the differential data output circuit 978, as an
example of a differential signal used in communication
between the device 900 and the host 950.
[0250] As FIG. 16 shows, a differential signal used in
communication between the device 100 and the host 150
is 400 mV in amplitude, and when a potential of one signal
wire is 0 V, a potential of another signal wire is 400 mV.
[0251] Besides, while output of the differential data out-
put circuit 978 is in a high impedance state, each of the
D0+ terminal 159 and the D0- terminal 160 is pulled up
to a VDD potential (for example, 3.3 V) by a correspond-
ing pull-up resistance.
[0252] Prior to a time T1, a logical value of an enable
signal of the differential data output circuit 978 is "0", and
accordingly, the differential data output circuit 178 is in
an inactive state. Both of the D0+ terminal 159 and the

D0- terminal 160 are pulled up by the pull-up resistances
to a VDD potential (for example, 3.3 V).
[0253] When the logical value of the enable signal of
differential data output circuit 978 changes from "0" to
"1" at the time T1, a state of the differential data output
circuit 978 changes from an inactive state to an active
state. Since a logical value of an input signal is "0", the
differential data output circuit 978 starts outputting a dif-
ferential Low signal, where a voltage of the D0+ terminal
159 is 0 V and a voltage of the D0- terminal 160 is 400
mV, for example.
[0254] The differential data output circuit 178 operates
at an operating frequency of 1500 Hz in the active state,
and continues outputting the differential Low signal while
the logical value "0" is being input.
[0255] When a synchronization signal of a predeter-
mined number of cycles starts being input in the differ-
ential data output circuit 178 at a time T2, the differential
data output circuit 178 starts outputting a differential syn-
chronization signal.
[0256] When a packet signal starts being input in the
differential data output circuit 178 at a time T3, the dif-
ferential data output circuit 178 starts outputting a differ-
ential packet signal.
[0257] When a logical value of an input signal of the
differential data output circuit 178 becomes "0" at a time
T4, the differential data output circuit 178 starts outputting
the differential Low signal, where a voltage of the D0+
terminal of the D0+ terminal 159 is 0 V and a voltage of
the D0- terminal 160 is 400 mV.
[0258] When a logical value of an enable signal of the
differential data output circuit 178 changes from "1" to
"0" at a time T5, a state of the differential data output
circuit 178 changes from an active state to an inactive
state. Then both of the D0+ terminal 159 and the D0-
terminal 160 are pulled up to a VDD potential (for exam-
ple, 1.8 V) by the pull-up resistances.

<Operation>

[0259] A modified system composed of the device 900
and the host 950 performs the same processings as the
system composed of the device 100 and the host 150 in
the embodiment.
[0260] Therefore, here, an explanation of an operation
of the modified system composed of the device 900 and
the host 950 is omitted.

<Supplementary>

[0261] As above, the interface circuit that supports both
the single-ended method and the differential method as
a transmission method has been explained as the em-
bodiment of the interface circuit pertaining to the present
invention, using the embodiment and the modification.
However, it is possible to modify the interface circuit as
below, and the present invention is of course not limited
to the interface circuit described by the above described
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embodiment

(1) In the embodiment, the device 100 was explained
as a memory card. However, if the device 100 in-
cludes a circuit having the same function as the de-
vice interface circuit 101, the device 100 is not nec-
essarily a memory card.
For example, a WLAN (Wireless Local Area Net-
work) device including a component such as an RF
(Radio Frequency) transceiver can be expected.
(2) In the embodiment, the host 150 was explained
as a personal computer. However, if the host 150
includes a circuit having the same function as the
host interface circuit 151, the host 150 is not neces-
sarily a personal computer.
For example, an AV (Audio Visual) apparatus such
as a blu-ray recorder and a device such as a mobile
phone can be expected.
(3) The embodiment explained that the PLL circuit
124 and the PLL circuit 174 output an output clock
signal 10 times the input clock signal. However, if
each of the PLL circuit 124 and the PLL circuit 174
includes a function for converting a clock frequency
generated by the clock generator 181 to an operating
frequency of a differential signal used for communi-
cation, it is not necessarily to output the output clock
signal 10 times the input clock signal, and for exam-
ple, 30 times may be possible.
(4) The embodiment explained that the clock gener-
ator 181 output a clock signal whose frequency was
150 MHz to the PLL circuit 174. However, if a fre-
quency of the clock signal multiplied by the PLL cir-
cuit 174 can be an operating frequency of a differ-
ential signal used for communication, it is not nec-
essarily to output the clock signal of 150 MHz, and
accordingly a clock signal of 50 MHz may be output.
(5) In the embodiment, an amplitude of a differential
signal used for communication was explained as 400
mV. However, if the device 100 and the host 150 are
available for communication, an amplitude is not
necessarily 400 mV, and for example, 200 mV or
800 mV may be possible.
(6) The embodiment explained that the data convert-
ing circuit 123 performed encoding/decoding in
8b/10b encoding. However, if it is possible to en-
code/decode to enhance quality of a differential sig-
nal used for communication, it is not necessarily to
encode/decode in 8b/10b encoding. For example,
encoding/decoding in 64b/66b encoding may be
possible.
Furthermore, encoding per se may be unnecessary.
(7) The embodiment explained that the device 100
was supplied with electric power whose potential dif-
ference was 3.3 V. However, if the device 100 can
operate normally, a potential difference is not nec-
essarily 3.3 V, and for example, 1.8 V may be pos-
sible. Alternatively, electric power source terminals
for a single-ended interface and a differential inter-

face may be provided independently, and electric
power whose potential difference is 3.3 V may be
supplied to the single-ended interface, and electric
power whose potential difference is 1.8 V may be
supplied to the differential interface.
(8) The embodiment explained that the host process-
ing started when a user input a notification signal
indicating the device 100 was electrically connected
to the CPU 163. However, if the device 100 starts
the processing by detecting that the device 100 is
electrically connected to the host 150, it is not nec-
essarily that the processing starts when a user inputs
a command indicating that the device 100 is electri-
cally connected to the host 150.
For example, the connector 200 may include a sen-
sor detecting that the device 100 is inserted, and the
host processing may start when the sensor detects
that the device 100 is inserted in the connector 200.
(9) In the modification, the detection circuit 126 out-
put the receive-enable signal when a potential dif-
ference in the pair of input terminals was higher than
the threshold value (here, 200 mV). However, if the
detection circuit 126 can detect that a differential sig-
nal is input to the pair of input terminals and output
a receive-enable signal, the detection circuit 126
does not necessarily output the receive-enable sig-
nal when a potential difference in the pair of input
terminals is higher than the threshold value.
For example, a detection circuit 1700 shown in FIG.
17 can be expected.
The detection circuit 1700 includes a level judgment
circuit 1701, a level judgment circuit 1702 and a two-
input NAND circuit 1703, and includes two input ter-
minals and an output terminal.
Each of the level judgment circuits 1701 and 1702
outputs, (i) when a signal equal to or higher than a
predetermined potential (for example, 1.35 V) be-
tween a pull-up potential (for example, 3.3 V) and
the maximum potential (for example, 400 mV) of a
differential signal is input, a logical value "1", and (ii)
when a signal lower than the predetermined potential
is input, a logical value"0".
The detection circuit 1700, (i) when each of the two
input terminals has a pull-up potential (for example,
1.8V), outputs a logical value "0", and (ii) when at
least one of the two input terminals has a potential
lower than the maximum potential (for example, 400
mV) of a differential signal, outputs a logical value
"1".
Accordingly, the detection circuit 1700 can be used
as a circuit for detecting that a differential signal is
input to the pair of input terminals and outputting a
receive-enable signal, instead of the detection circuit
126 in the modification.
(10) In the embodiment, when the differential data
output circuit 129 was in an inactive state, the built-
in pull-down circuit made a potential of the data out-
put terminal out0 and the data output terminal out1
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a VSS potential. However, if a potential of the D1+
terminal 111 and the D1- terminal 112 are a VSS
potential when the differential data output circuit 129
is in the inactive state, it is not necessarily that the
built-in pull-down circuit makes a potential of the data
output terminal out0 and the data output terminal
out1 a VSS potential.
For example, when the differential data output circuit
129 is in an inactive state, the data output terminal
out0 and the data output terminal out1 may be placed
in a high impedance state, and a pull-down resist-
ance outside the differential data output circuit 129
may be connected to each of the D1 + terminal 111
and the D1- terminal 112.
(11) The following further explains a structure of an
interface circuit pertaining to the embodiment of the
present invention, and its modification and its effect.

(a) An interface circuit pertaining to the embod-
iment of the present invention comprises a first
input terminal to which a single-ended signal and
a differential signal are transmitted through an
external first transmission path; a second input
terminal to which a differential signal is transmit-
ted through an external second transmission
path; a single-ended signal receiver and a dif-
ferential signal receiver which are connected to
the first input terminal by wires, and to which the
single-ended signal and the differential signal
input from the first input terminal are supplied in
parallel; a detection circuit that is connected to
the second input terminal by wires and is oper-
able to detect input of the differential signal
thereto from the second input terminal; and a
controller operable, when the detection circuit
detects the input of the differential signal thereto
from the second input terminal, to start constant-
ly outputting an enable signal to the differential
signal receiver, wherein when the detection cir-
cuit detects the input of the differential signal
thereto from the second input terminal while the
differential signal receiver is in an inactive state,
the detection circuit activates the differential sig-
nal receiver, and the differential signal receiver
remains in an active state while the enable signal
is being input thereto.

[0262] According to the interface circuit of the present
invention with the above structure, the differential signal
receiver remains in the active state while the enable sig-
nal is being input thereto.
[0263] Accordingly, the possibility of the differential
signal receiver stopping at an unexpected timing is re-
duced.
[0264] FIG. 18 is a circuit diagram of an interface circuit
1800 in the above mentioned modification.
[0265] As FIG. 18 shows, the interface circuit 1800 in-
cludes a first input terminal 1810 composed of input ports

A1811 and B1812, a second input terminal 1820 com-
posed of input ports C1821 and D1822, a single-ended
signal receiver 1830, a differential signal receiver 1850,
a detection circuit 1840 and a controller 1860.
[0266] To the first input terminal 1810, a single-ended
signal and a differential signal are input through a first
transmission path 1891.
[0267] To the second input terminal 1820, a differential
signal is input through a second transmission path 1892.
[0268] The single-ended signal receiver 1830 and the
differential signal receiver 1850 are connected to the first
input terminal 1810 by wires, and the signals input
through the first input terminal 1810 are supplied in par-
allel.
[0269] The detection circuit 1840 is electrically con-
nected to the second input terminal 1820 by wires, and
detects input of the differential signal from the second
input terminal 1820. When the detection circuit 1840 de-
tects the input of the differential signal while the differen-
tial signal receiver 1850 is in an inactive state, the differ-
ential signal receiver 1850 is activated.
[0270] When the detection circuit 1840 detects the dif-
ferential signal, the controller 1860 outputs an enable
signal to the differential signal receiver 1850.
[0271] The differential signal receiver 1850 remains in
an active state while the enable signal is being input
thereto from the controller 1860.
[0272] The single-ended signal receiver 1830 is, for
example, realized by a pair of CMOS buffers.
[0273] The detection circuit 1840 is, for example, real-
ized as the detection circuit 126 (see FIG. 1) in the em-
bodiment.
[0274] The differential signal receiver 1850 includes,
for example, the OR circuit 125 and differential clock input
circuit 127 in the embodiment, and is realized by con-
necting output of the OR circuit 125 to the enable signal
input terminal en of the differential clock input circuit 127.

(b) Also, when a differential clock signal is input to
the differential signal receiver while the differential
signal receiver is in the active state, the differential
signal receiver generates and outputs a first clock
signal that is a single-ended signal whose frequency
is the same as a frequency of the differential clock
signal, the interface circuit further comprises: a clock
converting circuit operable, when the first clock sig-
nal output from the differential signal receiver is input
thereto, to generate and output a second clock signal
whose frequency is higher than the frequency of the
first clock signal; a differential data signal receiver
that is connected to the second input terminal by
wires and is operable to receive the differential signal
input thereto from the second input terminal; and a
differential signal driver operable, when in an active
state, to output a differential signal that is synchro-
nous with the second clock signal to an external third
transmission path, when the detection circuit detects
the input of the differential signal thereto from the
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second input terminal while the differential data sig-
nal receiver is in an inactive state, the detection cir-
cuit activates the differential data signal receiver, and
when the detection circuit no longer detects the input
of the differential signal thereto from the second input
terminal while the differential data signal receiver is
in an active state, the detection circuit inactivates the
differential data signal receiver, and when the differ-
ential signal driver is in an inactive state, output from
the differential signal driver is in a high impedance
state.
Thereby, it is possible to place the differential data
signal receiver to an inactive state while the differ-
ential signal receiver remains active, by controlling
the differential signal input through the second input
terminal.
(c) The interface circuit of Claim 2, further comprising
a state maintaining circuit operable to maintain a po-
tential of the third transmission path at a ground po-
tential when the differential signal driver is in the in-
active state, wherein the detection circuit performs
detection of the input of the differential signal thereto
from the second input terminal when a potential of
an amplitude of the differential signal input thereto
from the second input terminal is equal to or higher
than a predetermined potential.
Thereby, it is possible to know that the differential
signal driver is in an active state by checking that a
potential of the third transmission path is not main-
tained at a ground potential.
(d) Also, the interface circuit of Claim 2, further com-
prising a state maintaining circuit operable, when the
differential signal driver is in the inactive state, to
maintain a potential of the third transmission path at
a first predetermined potential that is higher than a
ground potential, wherein the detection circuit per-
forms detection of the input of the differential signal
input thereto from the second input terminal when a
potential of the differential signal input thereto from
the second input terminal is equal to or lower than a
second predetermined potential that is higher than
the ground potential and lower than the first prede-
termined potential.
Thereby, it is possible to know that the differential
signal driver is in an active state by checking that a
potential of the third transmission path is not main-
tained at the first predetermined potential.
(e) Also, the interface circuit of Claim 3, which com-
municates with an external host interface circuit,
wherein the host interface circuit comprises: a host
differential clock signal driver operable to output the
differential clock signal to the first transmission path;
a host differential data signal driver operable to out-
put the differential signal that is to be transmitted to
the second input terminal through the second trans-
mission path; a host differential data signal receiver
operable to receive the differential signal transmitted
through the third transmission path; and a host con-

troller operable to cause the host differential data
signal driver to output a waiting signal composed of
a first predetermined differential signal, wherein
while the host differential clock signal driver is out-
putting the differential clock signal and the host dif-
ferential data signal driver is being caused to output
the waiting signal, when the host differential data sig-
nal receiver receives a response signal composed
of a second predetermined differential signal in re-
sponse to the waiting signal, the host controller caus-
es the host differential clock signal driver to stop out-
putting the differential clock signal when a predeter-
mined time period has elapsed since the host differ-
ential data signal receiver received the response sig-
nal.
Thereby, in the case where a waiting signal is input
through the second transmission path, a differential
clock signal input through the first transmission path
becomes inactive, as long as the differential signal
driver outputs a response signal.
(f) Also, when the detection circuit no longer detects
the input of the differential signal thereto from the
second input terminal while the enable signal is being
output to the differential signal receiver and the wait-
ing signal is being input to the differential data signal
receiver in the active state, the controller causes the
differential signal driver to output the response signal
and stops the output of the enable signal within the
predetermined time period after the differential sig-
nal driver was caused to output the response signal.

[0275] Thereby, in the case where a waiting signal is
input through the second transmission path, the differ-
ential signal driver outputs a response signal and the
controller stops outputting an enable signal, as long as
the detection circuit no longer detects the input of the
differential signal.

[Industrial Applicability]

[0276] The present invention can be widely used in de-
vices that include an interface circuit for performing trans-
mission using a differential signal.

[Reference Sings List]

[0277]

100 device
101 device interface circuit
120 device differential interface circuit
121 physical layer PHY
122 link controller
123 data converting circuit
124 PLL circuit
125 OR circuit
126 detection circuit
127 differential clock input circuit
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128 differential data input circuit
129 differential data output circuit
140 device single-ended interface circuit
141 buffer circuit
142 data processing circuit
150 host
151 host interface circuit
170 host differential interface circuit
171 physical layer PHY
172 link controller
173 data converting circuit
174 PLL circuit
176 detection circuit
177 differential clock output circuit
178 differential data output circuit
179 differential data input circuit
181 clock generator
190 device single-ended interface circuit
191 buffer circuit
192 data processing circuit

Claims

1. An interface circuit comprising:

a first input terminal (107, 108) operable to re-
ceive either one of a single-ended signal (DAT0,
DAT1) and a first differential signal (RCLK+,
RCLK-) from an external first transmission path;
a second input terminal (109, 110) operable to
receive a second differential signal (D0+, D0-)
from an external second transmission path, the
second differential signal (D0+, D0-) being a
one-bit serial signal; and
a single-ended signal receiver (141) and a dif-
ferential signal receiver (127) which are con-
nected to the first input terminal (107, 108) by
wires, and to which the single-ended signal
(DAT0, DAT1) and the first differential signal
(RCLK+, RCLK-) input from the first input termi-
nal (107, 108) are supplied in parallel;
characterized by
a detection circuit (126) that is connected to the
second input terminal (109, 110) by wires and
is operable to detect an input of the second dif-
ferential signal (D0+, D0-) thereto from the sec-
ond input terminal (109, 110), and to output,
when the input of the second differential signal
(D0+, D0-) is detected, a first enable signal to
the differential signal receiver (127); and
a controller (122) operable, when the detection
circuit (126) detects the input of the second dif-
ferential signal (D0+, D0-) thereto from the sec-
ond input terminal (109, 110), to start constantly
outputting a second enable signal to the differ-
ential signal receiver (127),
wherein the differential signal receiver (127) is

adapted to remain in an active state while at least
either one of the first and the second enable sig-
nal is being input thereto, and
wherein the first differential signal (RCLK+,
RCLK-) is a clock signal for the second differen-
tial signal (D0+, D0-).

2. The interface circuit of claim 1, wherein
when the clock signal for the second differential sig-
nal (D0+, D0-) is input to the differential signal re-
ceiver (127) while the differential signal receiver
(127) is in the active state, the differential signal re-
ceiver (127) generates and outputs a first clock sig-
nal that is a single-ended signal whose frequency is
the same as a frequency of the differential clock sig-
nal,
the interface circuit further comprises:

a clock converting circuit (124) operable, when
the first clock signal output from the differential
signal receiver (127) is input thereto, to generate
and output a second clock signal whose fre-
quency is higher than the frequency of the first
clock signal;
a differential data signal receiver (128) that is
connected to the second input terminal (109,
110) by wires and is operable to receive the sec-
ond differential signal (D0+, D0-) input thereto
from the second input terminal (109, 110); and
a differential signal driver (129) operable, when
in an active state, to output a third differential
signal that is synchronous with the second clock
signal to an external third transmission path,
when the detection circuit (126) detects the input
of the second differential signal (D0+, D0-)
thereto from the second input terminal (109,
110) while the differential data signal receiver
(128) is in an inactive state, the detection circuit
(126) activates the differential data signal re-
ceiver (128), and when the detection circuit
(126) no longer detects the input of the second
differential signal (D0+, D0-) thereto from the
second input terminal (109, 110) while the dif-
ferential data signal receiver (128) is in an active
state, the detection circuit (126) inactivates the
differential data signal receiver (128), and
when the differential signal driver (129) is in an
inactive state, output from the differential signal
driver (129) is in a high impedance state.

3. The interface circuit of claim 2, further comprising
a state maintaining circuit operable to maintain a po-
tential of the third transmission path at a ground po-
tential when the differential signal driver (129) is in
the inactive state, wherein the detection circuit (126)
performs detection of the input of the second differ-
ential signal (D0+, D0-) thereto from the second input
terminal (109, 110) when a potential of an amplitude
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of the second differential signal (D0+, D0-) input
thereto from the second input terminal (109, 110) is
equal to or higher than a predetermined potential.

4. The interface circuit of claim 2, further comprising
a state maintaining circuit operable, when the differ-
ential signal driver (129) is in the inactive state, to
maintain a potential of the third transmission path at
a first predetermined potential that is higher than a
ground potential,
wherein the detection circuit (126) performs detec-
tion of the input of the second differential signal (D0+,
D0-) input thereto from the second input terminal
(109, 110) when a potential of the second differential
signal (D0+, D0-) input thereto from the second input
terminal (109, 110) is equal to or lower than a second
predetermined potential that is higher than the
ground potential and lower than the first predeter-
mined potential.

5. An interface system comprising the interface circuit
of claim 3 and an external host interface circuit, which
communicates with the interface circuit of claim 3,
wherein the host interface circuit comprises:

a host differential clock signal driver (177) oper-
able to output the differential clock signal to the
first transmission path;
a host differential data signal driver (178) oper-
able to output the second differential signal
(D0+, D0-) that is to be transmitted to the second
input terminal (109, 110) through the second
transmission path;
a host differential data signal receiver (179) op-
erable to receive the third differential signal
transmitted through the third transmission path;
and
a host controller (172) operable to cause the
host differential data signal driver (178) to output
a waiting signal composed of a first predeter-
mined differential signal,
wherein while the host differential clock signal
driver (177) is outputting the differential clock
signal and the host differential data signal driver
(178) is being caused to output the waiting sig-
nal, when the host differential data signal receiv-
er (179) receives a response signal composed
of a second predetermined differential signal in
response to the waiting signal, the host control-
ler (172) causes the host differential clock signal
driver (177) to stop outputting the differential
clock signal when a predetermined time period
has elapsed since the host differential data sig-
nal receiver (179) received the response signal.

6. The interface system of claim 5, wherein
when the detection circuit (126) no longer detects
the input of the second differential signal (D0+, D0-)

thereto from the second input terminal (109, 110)
while the enable signal is being output to the differ-
ential signal receiver (127) and the waiting signal is
being input to the differential data signal receiver in
the active state, the controller (122) causes the dif-
ferential signal driver (129) to output the response
signal and stops the output of the enable signal within
the predetermined time period after the differential
signal driver (129) was caused to output the re-
sponse signal.

Patentansprüche

1. Schnittstellenschaltung, umfassend:

einen ersten Eingangsanschluss (107, 108), der
betriebsfähig ist, um irgendeins von einem
asymmetrischen Signal (DAT0, DAT1) und ei-
nem ersten Differenzsignal (RCLK+, RCLK-)
von einem externen ersten Übertragungsweg zu
empfangen;
einen zweiten Eingangsanschluss (109, 110),
der betriebsfähig ist, um ein zweites Differenz-
signal (D0+, D0-) von einem externen zweiten
Übertragungsweg zu empfangen, wobei das
zweite Differenzsignal (D0+, D0-) ein serielles
1-Bit- Signal ist; und
ein asymmetrischer Signalempfänger (141) und
ein Differenzsignalempfänger (127), die durch
Leitungen mit dem ersten Eingangsanschluss
(107, 108) verbunden sind, und an die das
asymmetrische Signal (DAT0, DAT1) und der
erste Differenzsignaleingang (RCLK+, RCLK-)
von dem ersten Eingangsanschluss (107, 108)
parallel zugeführt werden;
gekennzeichnet durch
eine Detektionsschaltung (126), die mit dem
zweiten Eingangsanschluss (109, 110) durch
Leitungen verbunden und betriebsfähig ist, ei-
nen Eingang des zweiten Differenzsignals (D0+,
D0-) an dieser von dem zweiten Eingangsan-
schluss (109, 110) zu detektieren und, wenn der
Eingang des zweiten Differenzsignals (D0+,
D0-) detektiert ist, ein erstes Freigabesignal an
den Differenzsignalempfänger (127) auszuge-
ben; und
ein Steuerelement (122), das betriebsfähig ist,
wenn die Detektionsschaltung (126) den Ein-
gang des zweiten Differenzsignals (D0+, D0-)
an diesem von dem zweiten Eingangsanschluss
(109, 110) detektiert, um ein gleichbleibendes
Ausgeben eines zweiten Freigabesignals an
den Differenzsignalempfänger (127) zu begin-
nen,
wobei der Differenzsignalempfänger (127) in ei-
nem aktiven Zustand bleiben soll, während min-
destens irgendein anderes des ersten und des
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zweiten Freigabesignals in diesen eingegeben
wird, und
wobei das erste Differenzialsignal (RCLK+,
RCLK-) ein Taktsignal für das zweite Differenz-
signal (D0+, D0-) ist.

2. Schnittstellenschaltung nach Anspruch 1, wobei
wenn das Taktsignal für das zweite Differenzsignal
(D0+, D0-) in den Differenzsignalempfänger (127)
eingegeben wird, während sich der Differenzsignal-
empfänger (127) im aktiven Zustand befindet, der
Differenzsignalempfänger (127) ein erstes Taktsig-
nal erzeugt und ausgibt, welches ein asymmetri-
sches Signal ist, dessen Frequenz die gleiche wie
die Frequenz des Differenztaktsignals ist,
die Schnittstellenschaltung des Weiteren umfasst:

eine Taktumwandlungsschaltung (124), die be-
triebsfähig ist, wenn das vom Differenzsignal-
empfänger (127) ausgegebene erste Taktsignal
in diese eingegeben wird, ein zweites Taktsignal
zu erzeugen und auszugeben, dessen Fre-
quenz höher als die Frequenz des ersten Takt-
signals ist;
einen Differenzdatensignalempfänger (128),
der mit dem zweiten Eingangsanschluss (109,
110) durch Leitungen verbunden und betriebs-
fähig ist, das in diesen eingegebene, zweite Dif-
ferenzsignal (D0+, D0-) von dem zweiten Ein-
gangsanschluss (109, 110) zu empfangen; und
einen Differenzsignaltreiber (129), der betriebs-
fähig ist, wenn er sich in einem aktiven Zustand
befindet, ein drittes Differenzsignal, das mit dem
zweiten Taktsignal synchron ist, an einen exter-
nen dritten Übertragungsweg auszugeben,
wenn die Detektionsschaltung (126) den Ein-
gang des zweiten Differenzsignals (D0+, D0-)
in diese von dem zweiten Eingangsanschluss
(109, 110) detektiert, während sich der Diffe-
renzdatensignalempfänger (128) in einem inak-
tiven Zustand befindet, die Detektionsschaltung
(126) den Differenzdatensignalempfänger (128)
aktiviert, und wenn die Detektionsschaltung
(126) den Eingang des zweiten Differenzsignals
(D0+, D0-) in diese von dem zweiten Eingangs-
anschluss (109, 110) nicht mehr detektiert, wäh-
rend sich der Differenzdatensignalempfänger
(128) in einem aktiven Zustand befindet, die De-
tektionsschaltung (126) den Differenzdatensig-
nalempfänger (128) inaktiviert, und
wenn der Differenzsignaltreiber (129) sich in ei-
nem inaktiven Zustand befindet, ein Ausgang
vom Differenzsignaltreiber (129) sich in einem
hochohmigen Zustand befindet.

3. Schnittstellenschaltung nach Anspruch 2, des Wei-
teren umfassend
eine Zustandshalteschaltung, die betriebsfähig ist

ein Potenzial des dritten Übertragungsweges auf ei-
nem Massepotenzial zu halten, wenn sich der Diffe-
renzsignaltreiber (129) im inaktiven Zustand befin-
det,
wobei die Detektionsschaltung (126) eine Erfassung
des Eingangs des zweiten Differenzsignals (D0+,
D0-) in diese vom zweiten Eingangsanschluss (109,
110) durchführt, wenn das Potenzial einer Amplitude
des zweiten Differenzsignals (D0+, D0-), das in die-
se vom zweiten Eingangsanschluss (109, 110) ein-
gegeben wird, gleich oder höher als ein vorgegebe-
nes Potenzial ist.

4. Schnittstellenschaltung nach Anspruch 2, des Wei-
teren umfassend
eine Zustandshalteschaltung, die betriebsfähig ist,
wenn der Differenzsignaltreiber (129) sich im inakti-
ven Zustand befindet, ein Potenzial des dritten Über-
tragungsweges auf einem ersten vorgegebenen Po-
tenzial zu halten, das höher als ein Massepotenzial
ist,
wobei die Detektionsschaltung (126) eine Erfassung
des Eingangs des in diese eingegebenen zweiten
Differenzsignals (D0+, D0-) von dem zweiten Ein-
gangsanschluss (109, 110) durchführt, wenn ein Po-
tenzial des in sie eingegebenen zweiten Differenz-
signals (D0+, D0-) von dem zweiten Eingangsan-
schluss (109, 110) gleich oder kleiner als ein zweites
vorgegebenen Potenzial ist, das höher als das
Massepotenzial und niedriger als das erste vorge-
gebene Potenzial ist.

5. Schnittstellensystem mit der Schnittstellenschaltung
nach Anspruch 3 und einer externen Host-Schnitt-
stellenschaltung, die mit der Schnittstellenschaltung
nach Anspruch 3 kommuniziert, wobei die Host-
Schnittstellenschaltung umfasst:

einen Host-Differenztaktsignaltreiber (177), der
betriebsfähig ist, das Differenztaktsignal an den
ersten Übertragungsweg auszugeben;
einen Host-Differenzdatensignaltreiber (178),
der betriebsfähig ist, das zweite Differenzsignal
(D0+, D0-), das an den zweiten Eingangsan-
schluss (109, 110) durch den zweiten Übertra-
gungsweg zu übertragen ist, auszugeben;
einen Host-Differenzdatensignalempfänger
(179), der betriebsfähig ist, das durch den dritten
Übertragungsweg übertragene, dritte Differenz-
signal zu empfangen; und
ein Host-Steuerelement (172), das betriebsfä-
hig ist zu veranlassen, dass der Host-Differenz-
datensignaltreiber (178) ein Wartesignal aus-
gibt, das aus einem ersten vorgegebenen Diffe-
renzsignal zusammengesetzt ist,
wobei, während der Host-Differenztaktsignalt-
reiber (177) das Differenztaktsignal ausgibt und
der Host-Differenzdatensignaltreiber (178) ver-
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anlasst wird, das Wartesignal auszugeben,
wenn der Host-Differenzdatensignalempfänger
(179) als Reaktion auf das Wartesignal ein Ant-
wortsignal empfängt, das aus einem zweiten
vorgegebenen Differenzsignal zusammenge-
setzt ist, das Host-Steuerelement (172) bewirkt,
dass der Host-Differenztaktsignaltreiber (177)
eine Ausgabe des Differenztaktsignals unter-
bricht, wenn eine vorgegebene Zeitperiode ver-
strichen ist, seitdem der Host-Differenzdaten-
signalempfänger (179) das Antwortsignal emp-
fangen hat.

6. Schnittstellensystem nach Anspruch 5, wobei
wenn die Detektionsschaltung (126) den Eingang
des zweiten Differenzsignals (D0+, D0-) in diese von
dem zweiten Eingangsanschluss (109, 110) nicht
mehr detektiert, während das Freigabesignal an den
Differenzsignalempfänger (127) ausgegeben wird
und das Wartesignal in den Differenzdatensignal-
empfänger im aktiven Zustand eingegeben wird, das
Steuerelement (122) veranlasst, dass der Differenz-
signaltreiber (129) das Antwortsignal ausgibt und die
Ausgabe des Freigabesignals innerhalb der vorge-
gebenen Zeitperiode unterbricht, nachdem der Dif-
ferenzsignaltreiber (129) veranlasst wurde, das Ant-
wortsignal auszugeben.

Revendications

1. Circuit d’interface comprenant :

une première borne d’entrée (107, 108) utilisa-
ble pour recevoir d’un premier chemin de trans-
mission externe soit un signal à extrémité unique
(DAT0, DAT1), soit un premier signal différentiel
(RCLK+, RCLK-) ;
une deuxième borne d’entrée (109, 110) utilisa-
ble pour recevoir un deuxième signal différentiel
(D0+, D0-) d’un deuxième chemin de transmis-
sion externe, le deuxième signal différentiel
(D0+, D0-) étant un signal série à un bit ; et
un récepteur de signal à extrémité unique (141)
et un récepteur de signal différentiel (127) qui
sont connectés à la première borne d’entrée
(107, 108) par des fils, et auxquels sont alimen-
tés en parallèle le signal à extrémité unique
(DATO, DAT1) et le premier signal différentiel
(RCLK+, RCLK-) entrés depuis la première bor-
ne d’entrée (107, 108) ;
caractérisé par
un circuit de détection (126) qui est connecté à
la deuxième borne d’entrée (109, 110) par des
fils et est utilisable pour détecter une entrée du
deuxième signal différentiel (D0+, D0-) audit cir-
cuit depuis la deuxième borne d’entrée (109,
110), et pour sortir, quand l’entrée du deuxième

signal différentiel (D0+, D0-) est détectée, un
premier signal d’habilitation vers le récepteur de
signal différentiel (127) ; et
un contrôleur (122) utilisable, quand le circuit de
détection (126) détecte l’entrée du deuxième si-
gnal différentiel (D0+, D0-) dans ledit contrôleur
depuis la deuxième borne d’entrée (109, 110),
pour démarrer une sortie constante d’un deuxiè-
me signal d’habilitation vers le récepteur de si-
gnal différentiel (127),
dans lequel le récepteur de signal différentiel
(127) est adapté pour rester dans un état actif
tandis qu’au moins soit le premier signal d’ha-
bilitation, soit le deuxième signal d’habilitation,
est entré dans ledit récepteur, et
dans lequel le premier signal différentiel
(RCLK+, RCLK-) est un signal d’horloge pour le
deuxième signal différentiel (D0+, D0-).

2. Circuit d’interface selon la revendication 1 dans le-
quel,
quand le signal d’horloge pour le deuxième signal
différentiel (D0+, D0-) est entré dans le récepteur de
signal différentiel (127) alors que le récepteur de si-
gnal différentiel (127) se trouve à l’état actif, le ré-
cepteur de signal différentiel (127) génère et sort un
premier signal d’horloge qui est un signal à extrémité
unique dont la fréquence est la même qu’une fré-
quence du signal d’horloge différentiel,
le circuit d’interface comprend en outre :

un circuit de conversion d’horloge (124) utilisa-
ble, quand le premier signal d’horloge sorti par
le récepteur de signal différentiel (127) est entré
dans ledit circuit, pour générer et sortir un
deuxième signal d’horloge dont la fréquence est
supérieure à la fréquence du premier signal
d’horloge ;
un récepteur de signal de données différentiel
(128) qui est connecté à la deuxième borne d’en-
trée (109, 110) par des fils et est utilisable pour
recevoir le deuxième signal différentiel (D0+,
D0-) entré dans ledit récepteur depuis la deuxiè-
me borne d’entrée (109, 110) ; et
un pilote de signal différentiel (129) utilisable,
dans un état actif, pour sortir un troisième signal
différentiel qui est synchrone avec le deuxième
signal d’horloge vers un troisième chemin de
transmission externe,
quand le circuit de détection (126) détecte l’en-
trée du deuxième signal différentiel (D0+, D0-)
dans ledit circuit en provenance de la deuxième
borne d’entrée (109, 110) alors que le récepteur
de signal de données différentiel (128) se trouve
dans un état inactif, le circuit de détection (126)
active le récepteur de signal de données diffé-
rentiel (128), et quand le circuit de détection
(126) ne détecte plus l’entrée du deuxième si-
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gnal différentiel (D0+, D0-) dans ledit circuit de-
puis la deuxième borne d’entrée (109, 110) alors
que le récepteur de signal de données différen-
tiel (128) se trouve dans un état actif, le circuit
de détection (126) inactive le récepteur de signal
de données différentiel (128), et
quand le pilote de signal différentiel (129) se
trouve dans un état inactif, la sortie du pilote de
signal différentiel (129) se trouve dans un état
à haute impédance.

3. Circuit d’interface selon la revendication 2, compre-
nant en outre
un circuit de maintien d’état utilisable pour maintenir
un potentiel du troisième chemin de transmission à
un potentiel de terre quand le pilote de signal diffé-
rentiel (129) se trouve à l’état inactif,
dans lequel le circuit de détection (126) met en
oeuvre une détection de l’entrée du deuxième signal
différentiel (D0+, D0-) dans ledit circuit depuis la
deuxième borne d’entrée (109, 110) quand un po-
tentiel d’une amplitude du deuxième signal différen-
tiel (D0+, D0-) qui est entré dans ledit circuit depuis
la deuxième borne d’entrée (109, 110) est supérieur
ou égal à un potentiel prédéterminé.

4. Circuit d’interface selon la revendication 2, compre-
nant en outre
un circuit de maintien d’état utilisable, quand le pilote
de signal différentiel (129) se trouve à l’état inactif,
pour maintenir un potentiel du troisième chemin de
transmission à un premier potentiel prédéterminé qui
est supérieur à un potentiel de terre,
dans lequel le circuit de détection (126) met en
oeuvre une détection de l’entrée du deuxième signal
différentiel (D0+, D0-) entré dans ledit circuit depuis
la deuxième borne d’entrée (109, 110) quand un po-
tentiel du deuxième signal différentiel (D0+, D0-) en-
tré dans ledit circuit depuis la deuxième borne d’en-
trée (109, 110) est inférieur ou égal à un deuxième
potentiel prédéterminé qui est supérieur au potentiel
de terre et inférieur au premier potentiel prédétermi-
né.

5. Système d’interface comprenant le circuit d’interface
selon la revendication 3 et un circuit d’interface hôte
externe, qui communique avec le circuit d’interface
selon la revendication 3, dans lequel le circuit d’in-
terface hôte comprend :

un pilote de signal d’horloge différentiel hôte
(177) utilisable pour sortir le signal d’horloge dif-
férentiel vers le premier chemin de
transmission ;
un pilote de signal de données différentiel hôte
(178) utilisable pour sortir le deuxième signal
différentiel (D0+, D0-) qui doit être transmis à la
deuxième borne d’entrée (109, 110) via le

deuxième chemin de transmission ;
un récepteur de signal de données différentiel
hôte (179) utilisable pour recevoir le troisième
signal différentiel transmis via le troisième che-
min de transmission ; et
un contrôleur hôte (172) utilisable pour com-
mander au pilote de signal de données différen-
tiel hôte (178) de sortir un signal en attente com-
posé d’un premier signal différentiel prédétermi-
né,
dans lequel, alors que le pilote de signal d’hor-
loge différentiel hôte (177) sort le signal d’hor-
loge différentiel et que le pilote de signal de don-
nées différentiel hôte (178) est commandé pour
sortir le signal en attente, quand le récepteur de
signal de données différentiel hôte (179) reçoit
un signal de réponse composé d’un deuxième
signal différentiel prédéterminé en réponse au
signal en attente, le contrôleur hôte (172) com-
mande au pilote de signal d’horloge différentiel
hôte (177) d’arrêter de sortir le signal d’horloge
différentiel quand une période prédéterminée
s’est écoulée depuis que le récepteur de signal
de données différentiel hôte (179) a reçu le si-
gnal de réponse.

6. Système d’interface selon la revendication 5, dans
lequel
quand le circuit de détection (126) ne détecte plus
l’entrée du deuxième signal différentiel (D0+, D0-)
dans ledit circuit depuis la deuxième borne d’entrée
(109, 110) alors que le signal d’habilitation est sorti
vers le récepteur de signal différentiel (127) et que
le signal en attente est sorti vers le récepteur de si-
gnal de données différentiel à l’état actif, le contrô-
leur (122) commande au pilote de signal différentiel
(129) de sortir le signal de réponse et arrête la sortie
du signal d’habilitation dans la période prédétermi-
née après que le pilote de signal différentiel (129) a
été commandé pour sortir le signal de réponse.
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