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1.  General description
The NCA9701A is a dual-channel bidirectional repeater for I²C and SMBus/PMBus applications.
It targets the Fast-mode Plus (Fm+) of the I²C protocol, making the true 1 MHz operation possible
without violating I²C timing specifications. This is achieved by using edge accelerators added at all
NCA9701A ports that speed up the LOW-to-HIGH transitions of I²C input and output signals.

The NCA9701A provides the buffering for both clock (SCL) and data (SDA) I²C signals with
the voltage level translation possibility (up and down) at the same time. The unique feature of
the IC is the same operating voltage range of 1.08 V to 3.6 V that can be applied at both port A
and port B of the device. This offers more flexibility in how the device can be used in the target
application. Multiple NCA9701As can be connected in series or in star, and their ports A and B can
be exchanged. Only when the I²C clock stretching needs to be supported, the NCA9701A port A
must be connected to the I²C Master side and the NCA9701A port B to the I²C Slave side.

The NCA9701A features integrated pull-up resistors of 4.3 kΩ at each I/O pin. This simplifies
the system implementation and reduces BOM count. Though external pull-up resistors are not
required, they might be added to shorten the rise times of I²C signals even further.

The NCA9701A provides true signal buffering as the device implementation does not use the
pass-FET topology. No static or incremental offsets are needed either, and the lock-free operation
is guaranteed by an innovative implementation of the buffers. The very low VOL levels on port A
and B improve the noise margin in the application and the potential noise components of input
signals are filtered out by Schmitt trigger inputs. To reduce EMI, the negative edges of output
signals are slew-controlled.

The NCA9701A is well suited for high-performance low-power applications which use the I²C
communication protocol.

2.  Features and benefits
• Two-channel bidirectional I²C buffer
• Voltage level translation from 1.08 V to 3.6 V at both port A and port B with unconstrained

combination of the supply voltage levels
• Guaranteed 1 MHz operation (true I²C Fast-mode Plus, Fm+)
• Support for the I²C Standard-mode (Sm) and Fast-mode (Fm) operation
• No static voltage offset
• Very low VOL on I/O pins of the port A; VOL regulated to 0.1VCCB on I/O pins of the port B
• Input and output rising-edge signal accelerators at all I/Os
• Active-HIGH enable input referenced to VCCA supply
• Lock-free operation
• Glitch-free and sequence-independent IC power-up
• Open-drain input/outputs
• Series connection and star connection of NCA9701A devices possible
• I²C clock stretching support
• Compatibility with I²C bus and SMBus protocols
• Latch-up performance exceeds 100 mA per JESD 78B Class II
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• ESD protection:
• HBM: ANSI/ESDA/JEDEC JS-001 class 2 exceeds 2 kV
• CDM: ANSI/ESDA/JEDEC JS-002 class C3 exceeds 1 kV

• Very small footprint

3.  Applications
• Smart phones and tablets
• Portable medical devices
• Portable instrumentation and test equipment
• Devices for IoT applications
• Power-sensitive applications

4.  Ordering information
Table 1. Ordering information

PackageType number
Temperature range Name Description Version

NCA9701AGX -40 °C to +85 °C X2SON8 plastic thermal enhanced extremely thin
small outline package; no leads; 8 terminals;
body 1.35 × 0.8 × 0.32 mm

SOT1233-2

5.  Marking
Table 2. Marking
Type number Marking code
NCA9701AGX z3
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6.  Functional diagram
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Fig. 1. Functional diagram

7.  Pinning information

7.1.  Pinning
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Fig. 2. Pin configuration SOT1233-2 (X2SON8)
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7.2.  Pin description

Table 3. Pin description
Symbol Pin Description
VCCA 1 port A supply voltage
SCLA 2 serial clock port A bus
SDAA 3 serial data port A bus
EN 4 active HIGH repeater enable input; referenced to VCCA

SDAB 5 serial data port B bus
SCLB 6 serial clock port B bus
VCCB 7 port B supply voltage
GND 8 supply ground (0 V)

8.  Functional description

8.1.  Overview
The NCA9701A is a dual-channel bidirectional voltage translating repeater intended for I²C and
SMBus/PMBus applications. It includes two bidirectional open-drain buffers for the clock (SCL)
and data (SDA) buses of an I²C system. The levels of signals transferred via I²C buses can be up-
or down-translated by the NCA9701A within the voltage range of 1.08 V to 3.6 V. The operating
supply voltage range of the NCA9701A port A and port B is the same and there are no restrictions
in the supply voltage choice nor dependencies between them.

The NCA9701A provides three main functions:

1. Signal regeneration: the device receives I²C signals and retransmits them regenerated;
since no pass-FET based topology is used, an I²C bus is effectively split into two isolated bus
segments with a reduced load capacitance. As a result, higher capacitive loads can be driven
than it is possible without the NCA9701A.

2. Signal acceleration: the NCA9701A reduces the LOW-to-HIGH transition time of input and
output I²C signals. This is especially relevant for systems with heavy loaded I²C-buses as a
large bus RC time constant means a long signal rise time. The signal acceleration is realized
by Edge Accelerators available at all NCA9701A I/Os. Thanks to the Edge Accelerators, the I²C
timing, and the data set-up time in particular, can be improved without using low-ohmic pull-up
resistors and thus without additional static current consumption.

3. Voltage translation: the NCA9701A offers an up- and down-level translation of transmitted
signals. The supported voltage range is from 1.08 V to 3.6 V for both NCA9701A ports; there
are no restrictions on the voltage level selection for port A and B.

8.2.  Key features

Bidirectional voltage translation at symmetrical operating voltage range
Unlike most traditional I²C repeaters, the NCA9701A features a symmetrical operating supply
voltage range of 1.08 V to 3.6 V. This means that the supply voltages at port A and B can be
exactly the same. There are no restrictions or dependencies between them.

The NCA9701A provides bidirectional, up and down, voltage-level translation over its whole
operating voltage range. For example, a voltage down-translation from 3.6 V at port A to 1.08 V
at port B or the operation at the lowest allowed voltage of the NCA9701A, that is1.08 V, at both
port A and port B (no voltage translation) can be easily realized. This is not possible with other
I²C repeaters, which typically are implemented with the minimum supply voltage at port B higher
than the supply voltage at port A.
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Edge acceleration
The edge acceleration is another unique feature of the NCA9701A. The edge accelerators installed
at all four I/Os of the NCA9701A speed-up LOW-to-HIGH transitions of I²C signals. By this, the
LOW-to-HIGH transition times are less dependent on the I²C-bus RC time constant, which is
defined by a pull-up resistor (Rpu) and a load capacitor (CL) on the bus. Especially the choice
of the pull-up resistor value requires a careful consideration. Too large pull-up resistor value
means long LOW-to-HIGH transition times, while too small resistance value results in a high
current consumption. The use of edge accelerators in the NCA9701A simplifies this trade-off. The
accelerators modify the charging characteristic of the bus capacitors from exponential to partially-
and fully-linear for input and output bus load capacitors, respectively.

The NCA9701A edge accelerators are implemented as voltage-controlled current sources, see
Fig. 1. Let’s assume that an I²C signal with a LOW-to-HIGH transition needs to be transmitted from
port A to port B of the NCA9701A. When an (input) I²C signal at port A crosses VT+ threshold level,
which corresponds to the voltage of 0.425VCCA, the input Edge Accelerator (EACC) is activated.
As a result, the current starts flowing out of an input pin at port A and the capacitance at port A
(CL(A)) is getting charged. When the input signal at port A reaches the Edge Accelerator stop level,
Vstop(eacc), equal to 0.8VCCA, the input Edge Accelerator is disabled and the current flow stopped.
Since the Edge Accelerator current actively helps to charge the input bus capacitance, the input
signal transition is accelerated. This happens without a current consumption penalty as the Edge
Accelerator current is provided shortly, only during the most critical timing window of the input
signal.

The output Edge Accelerator is activated at the same time as the input Edge Accelerator.
It monitors the NCA9701A output port, that is port B in case of the A to B transition. Since
the output port is normally at logic 0 before a LOW-to-HIGH signal transition takes place, the
capacitance of the output port needs to be fully charged from the VOL level to the target voltage
level. The output Edge Accelerator current flowing out of the output pin at port B does most of the
charging as the charge current via the pull-up resistor(s) is typically smaller. Therefore, unlike in
case of the input Edge Accelerator, the charging characteristic of the output port bus capacitor
is fully linear till the Edge Accelerator gets deactivated. As for the input Edge Accelerator, this
happens when the stop level Vstop(eacc) of the output signal, here 0.8VCCB, is reached.

In Fig. 3, the NCA9701A I/O pin voltages and Edge Accelerator currents for LOW-to-HIGH
transitions on the I²C clock and data signals are shown. The timing relations between input
and output signals, assuming that the bus capacitance at port A is much lower than the bus
capacitance at port B, are indicated. Clearly, a larger bus capacitance results in less steeper
charging curve and a longer charging current pulse.

It may happen that when the output bus is very lightly loaded compared to the input bus, the
accelerated output signal precedes the input signal. This results in the negative LOW-to-HIGH
propagation delay, tPLH, as seen for some cases reported in Table 9.

The activation times of the Edge Accelerators and their current capability depend on the bus
capacitance values, pull-up resistance values, and the supply voltages at port A and port B. These
parameters impact directly the charging times of the input bus and output bus capacitors and thus
the transition times of the input and output signals.
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Fig. 3. The acceleration of LOW-to-HIGH I²C clock and data signal transitions by the NCA9701A

The current capability of the NCA9701A Edge Accelerators for clock and data channels is different.
The currents of the input and output Edge Accelerators for the clock channel (SCLA and SCLB
pins) are about 25 % to 30 % lower than the currents of the input and output Edge Accelerators for
the data channel (SDAA and SDAB pins). This stems from the fact that the activation window of the
input Edge Accelerator (corresponding to the input signal voltage levels from 0.425VCC to 0.8VCC,
where VCC is VCCA or VCCB) lies outside the timing window of an I²C clock signal (corresponding to
the input signal voltage range from 0 V to 0.3VCC, where VCC is VCCA or VCCB) that is critical for I²C
parameters such as the data set-up time (see next section for more details). The Edge Accelerator
current is thus reduced to save the total device power.

Data set-up time gain
The timing of I²C signals is governed by strict specifications of the I²C protocol. The parameters
such as:

• LOW and HIGH periodes, tLOW and tHIGH (for I²C clock signal, SCL)
• rise and fall times, tr and tf (for I²C clock and data signals, SCL and SDA)
• data valid time, tVD;DAT

• data set-up time, tSU;DAT

play the key role. The definitions of these parameters are shown in Fig. 4 (A), and their values for
the I²C Fast-mode Plus are listed in Table 4.
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Fig. 4. Timing diagram of I²C clock and data signals

Table 4. Critical timing parameters of the I²C protocol and their values for Fm+
Parameter Description Min Max Unit

tLOW LOW period of I²C clock signal 500 - ns

tHIGH HIGH per period of I²C clock signal 260 - ns

tr Rise time of I²C clock and data signals - 120 ns

tf Fall time of I²C clock and data signals 20x(VCC/5.5) 120 ns

tVD;DAT Data valid time - 450 ns

tSU;DAT Data set-up time 50 - ns

When an I²C repeater is introduced to the I²C system for bus capacitance buffering, the repeater
propagation delays are added and the signal timing changed. The new situation is shown in
Fig. 4 (B) with the depicted waveforms corresponding to the I²C system shown in Fig. 5 (B). Clearly,
the timing budget is now reduced and reaching the target clock frequency of 1 MHz is often not
possible. This is because in the Fm+ there is no time margin left for the repeater delays (i.e. in the
worst case, tLOW + tHIGH + tr + tf = tclk = 1000 ns, which is, the clock period of 1 MHz clock).

The Edge Accelerators of the NCA9701A address exactly this problem. By the acceleration of I²C
input and output signals, the timing margin is regained. In particular, the propagation delay of the
NCA9701A repeater during a LOW-to-HIGH transition is considerably reduced. This is because
the output Edge Accelerator, which speeds up the output signal, is activated as soon as a LOW-to-
HIGH transition of the input signal is detected.

The impact of this is illustrated in the following figures. In Fig. 5, I²C systems with and without an
I²C repeater are compared. The arrows in the figures indicate the signal flow reflecting the worst
case situation from the I²C timing point of view, that is the I²C clock provided by the Master (A to B
communication) and the I²C data read out from the Slave (B to A communication).1

1 Assuming that the repeater is symmetrical, an alternative worst-case timing-wise signal flow is:
B to A for an I²C clock signal, and A to B for an I²C data signal.

NCA9701A All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2024. All rights reserved

Product data sheet Rev. 1 — 11 September 2024 7 / 27



Nexperia NCA9701A
Level translating Fm+ I²C bus repeater/accelerator

In Fig. 6, the corresponding timing diagrams with the focus on the data set-up time parameter for
the LOW-to-HIGH transition2 are shown. The data set-up time is measured between I²C data and
clock signals at port A of the I²C repeaters.

VCCA

I²C
master

Rpu(A)

SCLA

SDAA repeater

CL(A) CL(A) CL(B) CL(B)

VCCB

SCLB

SDAB
I²C

slave
I²C

slave

Rpu(A)

VCCA

I²C
master

Rpu

SCLA

SDAA

CL CL

Rpu Rpu(B) Rpu(B)

(B)(A)
aaa-040930

(A) system without an I²C repeater (the reference).
(B) system with an I²C repeater (traditional repeater or the NCA9701A repeater).
Arrows indicate the signal flow direction.

Fig. 5. I²C systems used in the comparison of the data set-up times
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Fig. 6. The comparison of data set-up times for an I²C system

In Fig. 6 (A), data and clock signals for an I²C system with a traditional I²C repeater are shown.
They are compared with similar signals of the system without a repeater (i.e. a repeater replaced
with a wire). The slopes of the data and clock signals in the system with a repeater are steeper

2 The LOW-to-HIGH transition improvement is addressed only.
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because the effective I²C bus capacitance is reduced. The data set-up time of the I²C system with a
traditional repeater, tSU;DAT1, is very short.

In Fig. 6 (B), the same waveforms but for the NCA9701A replacing a traditional I²C repeater are
presented, and compared with the waveforms of the system with no repeater (the same as in
Fig. 6 (A)). The slopes of the input and output data and clock signals are much steeper thanks to
the NCA9701A Edge Accelerators. Especially the timing of the data signal is improved (the start
and stop levels of the input Edge Accelerator are indicated on the input data signal waveform).
Besides, the data signal propagation delay is shorten considerably as the generation of the output
signal is speeded up by the output Edge Accelerator. The data set-up time in this case, tSU;DAT2,
is much longer. To illustrate the true advantage of the NCA9701A repeater with respect to the no-
repeater case, the data set-up time gain, tgain(SU;DAT), is introduced. This parameter is calculated as
the difference between the data set-up times of the NCA9701A and a wire (no repeater case). The
data set-up time gain is one of the key parameters of the NCA9701A and it is specified in Table 10.

Schmitt trigger inputs
Each I/O pin of the NCA9701A includes a Schmitt trigger comparator for detecting the logic level
of an input signal. The same comparator activates also the NCA9701A input Edge Accelerator.
When a positive going input signal (LOW-to-HIGH transition) crosses the comparator VT+ level,
that is 0.425VCCA and 0.425VCCB for input stages at port A and B, respectively, it is interpreted as
logic 1 (HIGH). Similarly, when a negative going input signal (HIGH-to-LOW transition) crosses the
comparator VT- level, that is 0.25VCCA and 0.25VCCB for input stages at port A and B, respectively,
it is interpreted as logic 0 (LOW). The difference between switching levels of the input comparator,
thus VT+ - VT-, defines the comparator hysteresis. It is guaranteed that the comparator hysteresis is
never smaller than 0.130VCC, which helps with noise rejection on input signals.

Integrated pull-up resistors
The NCA9701A has integrated pull-up resistors of 4.3 kΩ on all I/O pins. Therefore, no additional
external pull-up resistors are required to pull-up I²C data and clock buses. However, a user may
add external pull-up resistors on all or selected bus segments to reduce the effective pull-up
resistance. This has a two-fold effect: it reduces the bus capacitor initial charging time (i.e. from
0V to 0.425VCC), defined by the bus RC time constant, and provides an extra current when the
Edge Accelerator is already activated. This is especially relevant for heavy-loaded I²C buses but
comes at the cost of extra static current consumption. It is recommended, though not required, to
use external pull-up resistors on buses connected to port B. This improves the output signal settle
time as the VOL of the pins at port B are regulated.

As long as the NCA9701A supply is present, the internal resistors always pull the I²C buses up.
This is to prevent that these buses are floating when the NCA9701A is disabled (EN = LOW) and
no external pull-up resistors are present. When the supply at the NCA9701A port A or B is not
available (below the supply VUVLO level), the internal pull-up resistors are deactivated to block the
leakage path from an I/O to supply pin.

Ultra-low power consumption
The NCA9701A implementation facilitates the system-level power consumption reduction. When
disabled (EN = LOW), the IC keeps only internal bias/reference blocks active. This allows nearly a
factor of 3 reduction of the total IC current consumption compared to the enable state (EN = HIGH).

The NCA9701A partial power down, when the supply of port A or port B is removed, is also
possible. In this mode, the active power supply does not consume any current. Obviously, the IC
drivers are switched off then so signal transmission is not possible.

No static voltage offset
The NCA9701A does not use a static offset voltage to determine the driving side of the NCA9701A.
The device self-locking is prevented by an innovative implementation technique of the buffers. As
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a result, this simple and reliable solution eliminates constraints on the NCA9701A connectivity and
communication with other system components.

Regulated output voltage
The NCA9701A pins at port B (SCLB and SDAB) have their VOL level regulated to about 0.1VCCB.
This allows keeping VOL levels very low, even at port B of the repeater where the clock stretching
and acknowledge from a Slave device must be handled properly. Since the VOL level is supply-
dependent rather than at the (nearly) fixed level, such a implementation relaxes the requirement on
the external driver strength. It also makes the detection of the bus pull-down by an external driver
more reliable especially when ground bouncing is present.

Clock stretching
Although the NCA9701A ports are symmetrical and can be exchanged, when I²C clock stretching
is used, an I²C Master must be connected to port A and I²C Slaves to port B. Also, the NCA9701A
clock channel needs to be used for the transmission of the I²C clock signal.

The I²C protocol assumes that the clock signal is always generated by the Master. But when the
clock stretching is applied, a Slave is allowed to hold down the I²C clock bus to communicate to
the Master that the Slave is not ready. This means that the clock bus at port B is concurrently
driven by two independent drivers: the NCA9701A internal clock driver of port B (clock transfer
from the Master from port A to port B) and the external driver at port B (clock bus held by the Slave
is communicated from port B to port A). Therefore, for a successful transmission of logic LOW
from port B to port A while clock stretching, a correct detection of the presence of an external
driver is critical. For this, the NCA9701A VILC, contention LOW-level input voltage, needs to be
satisfied. VILC defines the minimum input voltage at the NCA9701A SCLB pin required for the
correct detection of the clock bus pull down by an external driver (i.e. an internal driver of an I²C
Slave). The maximum VILC is equal to half of the VOL level for the SCLB pin.

As already mentioned, the VOL of the SCLB pin is regulated to about 0.1VCCB. For the clock
stretching to be detected, an external driver needs to pull down the SCLB pin to VILC level or below.
To calculate the required strength (resistance) of the internal pull- down MOSFET in the I²C Slave
output driver, the VOL value at given IOL current from Table 8 can be used. Alternatively, a user can
measure the VOL level of the SCLB pin at the known effective pull-up resistance.

Acknowledgment signal handling
In the I²C protocol, each group of eight bits transmitted on the data bus must be followed by an
acknowledgement (ACK) bit. The ACK bit is a logic 0 (LOW) and is sent by a receiver of the data
(e.g. by an I²C Slave when an I²C Master sends data to the Slave). The correct acknowledgement
signal handling means the correct detection of a bus pull-down initiated by an external driver (e.g.
of an I²C Slave device) in different transmission conditions. This is fundamentally difficult when
the VOL level of the pin where the pull-down must be detected is low or when an edge accelerator
is present, like in the NCA9701A. The external pull-down detection is also influenced by system
parameters, such a supply voltage, bus load capacitance, and pull-up resistance.

To resolve this, the NCA9701A provides a multi-level solution. If the ACK bit is proceeded by the
last data bit (of a 8-bit package) being a logic 0 (an equivalent of a LOW to LOW transition), the
NCA9701A uses the same mechanism as it is used on the clock pin (SCLB pin) for the clock
stretching detection (which can also be seen as a LOW to LOW transition).

If the ACK bit is proceeded by the data bit being a logic 0 (LOW) but the ACK signal is a bit
delayed with respect to the clock signal (I²C protocol defines the time window of tVD;ACK, data valid
acknowledgement time, for sending the acknowledgement), the data bus is released and it will
be pulled up by pull-up resistor(s) and the Edge Accelerator. In this case, the pull-up elements
will be working against the driver of an external device that tries to pull the bus down; as a result,
the bus will probably settle at some intermediate level. For this situation the NCA9701A provides
a timer-based solution. The 120 ns-timer (typical) is started at the same instance as the output
Edge Accelerator on this pin is activated. The timer defines the time window in which the data bus
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voltage is monitored by the NCA9701A internal circuitry. If the bus voltage remains below the start
level of the output Edge Accelerator when the timer times out, the ACK signal is detected. If the
data bus voltage crosses the Edge Accelerator start level before the timer times out, the timer is
reset and re-started at the crossing level again. The bus voltage is again monitored and compared
against the output Edge Accelerator stop level. If the stop level is not crossed before the timer
times out, the ACK signal is detected.

If the ACK signal is proceeded by the data bit being a logic 1 (HIGH), the ACK signal sent by an
external device is interpreted as a HIGH to LOW transition and it will be always resolved correctly
by the NCA9701A.

The timer-based solution for the acknowledgement signal handling is present at both the SDAA
pin (port A) and the SDAB pin (port B). In this way, the ACK signals sent by both Master and Slave
devices can be handled properly.

Active high enable input
The NCA9701A is disabled when the VCCA and VCCB supply voltages are below the supply Vstart
level. When the Vstart level is reached and the EN pin is left unconnected, the NCA9701A will be
enabled by default as the EN pin, referenced to the VCCA supply, is pulled up internally. By driving
the EN pin externally, enabling or disabling of the NCA9701A is possible under system control, for
example to isolate a badly behaved I²C Slave on the system power up.

The logic level of the enable pin is sensed by a comparator with hysteresis. A small filter placed on
the EN pin prevent incorrect switching on/off of the IC in case of noise on this pin.

The NCA9701A can be started correctly only when all buses connected to the repeater ports are
in the idle state (i.e. pulled up). Not complying with this may lead to the device lockup. To prevent
system failures, the EN pin should change state only when I²C buses are idle too.

It is not allowed in the application to drive the EN pin from the source with a voltage higher than the
VCCA supply voltage. Therefore, at the power up it is recommended to tight the EN pin to the VCCA
pin or left it floating so that the EN pin voltage will follow the supply.

Slew control for the falling edges
The HIGH-to-LOW transition times of output signals in an I²C repeater depend on the effective
pull-up resistance at the given node and the resistance of the internal pull-down MOSFET. In the
NCA9701A, the internal pull-down MOSFETs are made strong to guarantee low VOL levels over
the full operating voltage range of the IC. Typically, this would result in very fast falling edges of
output signals, especially for high supply voltages and low output capacitors, and could lead to EMI
issues. To prevent this without compromising the timing of I²C signals, the output signals’ falling
edges are slew-controlled in the NCA9701A. By this, a good independence on the I²C bus load
conditions is achieved.
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8.3.  Functional modes
Table 5 describes the functionality of the NCA9701A voltage-translating repeater dependent on the
state of the EN pin.

Table 5. Function table of the NCA9701A
EN pin Function
LOW IC disabled; outputs disabled; buses at port A and port B pulled up (by internal pull-up resistors)
HIGH IC enabled; outputs enabled:

SCLA = SCLB
SDAA = SDAB

9.  Limiting values
Table 6. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134). Voltages are referenced to GND (ground = 0 V).

Symbol Parameter Conditions Min Max Unit
Voltages and currents
VCCA supply voltage port A -0.5 +4.0 V
VCCB supply voltage port B -0.5 +4.0 V
VI(EN) input voltage EN pin -0.5 +4.0 V
VI/O input/output voltage I²C bus voltage port A and port B -0.5 +4.0 V
IOL LOW-level output current I/Os port A and port B - 25 mA
Tstg storage temperature -65 +150 °C
Tj(max) maximum junction temperature - +125 °C
Electrostatic discharge

HBM: ANSI/ESDA/JEDEC JS-001 class 2 -2000 +2000 VVESD electrostatic discharge voltage
CDM: ANSI/ESDA/JEDEC JS-002 class C3 -1000 +1000 V

10.  Recommended operating conditions
Table 7. Recommended operating conditions
Symbol Parameter Conditions Min Max Unit
VCCA supply voltage port A 1.08 3.6 V
VCCB supply voltage port B 1.08 3.6 V

SCLA, SCLB 0 3.6 V
SDAA, SDAB 0 3.6 V

VI/O input/output voltage

EN 0 VCCA V
Tamb ambient temperature -40 +85 °C
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11.  Static characteristics
Table 8. Typical static characteristics
At recommended operating conditions; voltages are referenced to GND (ground = 0 V);
VCCA = 1.08 V to 3.6 V; VCCB = 1.08 V to 3.6 V; unless otherwise specified; Internal pull-up resistors used.

Tamb = −40 °C to +85 °CSymbol Parameter Conditions
Min Typ[1] Max

Unit

Supplies
Vstart start voltage VCCA; VCCA rising; VCCB= 1.08 V to 3.6 V or

VCCB; VCCB rising; VCCA= 1.08 V to 3.6 V
495 680 1080 mV

VUVLO undervoltage
lockout voltage

VCCA; VCCA falling; VCCB= 1.08 V to 3.6 V or
VCCB; VCCB falling; VCCA= 1.08 V to 3.6 V

- 485 800 mV

SCLA = SDAA = VCCA
(with internal pull-up resistors);
SCLB = SDAB = open
(with internal pull-up resistors);
VCCB = 1.2 V; EN = GND

VCCA = 1.08 V - 4 7 μA
VCCA = 1.2 V - 5 8 μA
VCCA = 1.8 V - 8 12 μA
VCCA = 3.6 V - 17 24 μA

SCLA = SDAA = VCCA
(with internal pull-up resistors);
SCLB = SDAB = open
(with internal pull-up resistors);
VCCB = 1.2 V; EN = VCCA

VCCA = 1.08 V - 16 32 μA
VCCA = 1.2 V - 18 34 μA
VCCA = 1.8 V - 29 54 μA
VCCA = 3.6 V - 51 94 μA

SCLA = SDAA = GND; SCLB = SDAB = open
(with internal pull-up resistors);
VCCB = 1.2 V; EN = VCCA

VCCA = 1.08 V - 0.5 0.8 mA
VCCA = 1.2 V - 0.6 0.9 mA
VCCA = 1.8 V - 0.9 1.32 mA
VCCA = 3.6 V - 1.9 2.7 mA

SCLA = SDAA = open
(with internal pull-up resistors);
SCLB = SDAB = GND;
VCCB = 1.2 V; EN = VCCA

VCCA = 1.08 V - 0.5 0.8 mA
VCCA = 1.2 V - 0.6 0.9 mA
VCCA = 1.8 V - 0.9 1.32 mA

ICCA supply current
port A

VCCA = 3.6 V - 1.9 2.7 mA
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Tamb = −40 °C to +85 °CSymbol Parameter Conditions
Min Typ[1] Max

Unit

SCLB = SDAB = VCCB
(with internal pull-up resistors);
SCLA = SDAA = open
(with internal pull-up resistors);
VCCA = 1.2 V; EN = GND

VCCB = 1.08 V - 4 7 μA
VCCB = 1.2 V - 5 8 μA
VCCB = 1.8 V - 8 11 μA
VCCB = 3.6 V - 17 24 μA

SCLB = SDAB = VCCB
(with internal pull-up resistors);
SCLA = SDAA = open
(with internal pull-up resistors);
VCCA = 1.2 V; EN = VCCA

VCCB = 1.08 V - 13 27 μA
VCCB = 1.2 V - 15 27 μA
VCCB = 1.8 V - 25 40 μA
VCCB = 3.6 V - 44 72 μA

SCLB = SDAB = GND; SCLA = SDAA = open
(with internal pull-up resistors);
VCCA = 1.2 V; EN = VCCA

VCCB = 1.08 V - 0.5 0.8 mA
VCCB = 1.2 V - 0.6 0.9 mA
VCCB = 1.8 V - 0.9 1.32 mA
VCCB = 3.6 V - 1.9 2.7 mA

SCLB = SDAB = open
(with internal pull-up resistors);
SCLA = SDAA = GND;
VCCA = 1.2 V; EN = VCCA

VCCB = 1.08 V - 0.2 0.4 mA
VCCB = 1.2 V - 0.3 0.5 mA
VCCB = 1.8 V - 0.5 0.8 mA

ICCB supply current
port B

VCCB = 3.6 V - 1.1 1.6 mA
ICCA + ICCB; SCLA = SDAA = VCCA (with
internal pull-up resistors); SCLB = SDAB = VCCB
(with internal pull-up resistors);
VCCA = VCCB = 1.2 V
EN = VCCA - 35 - μA

ICC(tot) total supply
current

EN = GND - 11 - μA
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Tamb = −40 °C to +85 °CSymbol Parameter Conditions
Min Typ[1] Max

Unit

Input and output SCLA, SDAA, SCLB, SDAB pins
VT+ positive-going

threshold
voltage

input of I/O circuit;
input edge accelerator start voltage;
SCLA; SDAA; SCLB; SDAB;
VCC: VCCA or VCCB = 1.08 V to 3.6 V

0.35VCC 0.43VCC 0.50VCC V

VT− negative-going
threshold
voltage

input of I/O circuit;
SCLA; SDAA; SCLB; SDAB;
VCC: VCCA or VCCB = 1.08 V to 3.6 V

0.19VCC 0.25VCC 0.32VCC V

VHYS hysteresis
voltage

input of I/O circuit;
SCLA; SDAA; SCLB; SDAB; (VT+ - VT−)
VCC: VCCA or VCCB = 1.08 V to 3.6 V

0.13VCC 0.17VCC 0.22VCC V

Vstop
(eacc)

edge
accelerator
stop voltage

SCLA; SDAA; SCLB; SDAB;
VCC: VCCA or VCCB = 1.08 V to 3.6 V

0.70VCC 0.80VCC 0.89VCC V

SCLA; VI = 0.5VCCA or
SCLB; VI = 0.5VCCB

VCCA or VCCB = 1.08 V - -1.6 - mA
VCCA or VCCB = 1.2 V - -2.3 - mA
VCCA or VCCB = 1.8 V - -6.3 - mA
VCCA or VCCB = 3.6 V - -19 - mA

SDAA; VI = 0.5VCCA or
SDAB; VI = 0.5VCCB

VCCA or VCCB = 1.08 V - -2.2 - mA
VCCA or VCCB = 1.2 V - -3.2 - mA
VCCA or VCCB = 1.8 V - -8.0 - mA

IO(eacc) edge
accelerator
output current

VCCA or VCCB = 3.6 V - -23 - mA
SCLA; SDAA

IOL = 0 mA (internal current only);
VIB = 0 V or VIA = 0 V

- 5 45 mV

IOL = 2 mA (external current; internal current
added); VIB = 0 V or VIA = 0 V

- 30 190 mV

SCLB; SDAB
IOL = 0 mA (internal current only); VIA = 0 V

VCCB = 1.08 V to 1.2 V 65 175 mV
VCCB = 1.8 V 125 235 mV
VCCB = 3.6 V 300

0.1VCCB

400 mV
IOL = 2 mA (external current; internal current
added); VIA = 0 V

VCCB = 1.08 V to 1.2 V 65 175 mV
VCCB = 1.8 V 125 235 mV

VOL LOW-level
output voltage

VCCB = 3.6 V 300
0.1VCCB

400 mV
SCLB

clock stretching; VCCB = 1.08 V to 1.2 V - - 0.45VOL(SCLB)min mV
clock stretching; VCCB = 1.8 V - - 0.50VOL(SCLB)min mV

VILC contention
LOW-level
input voltage

clock stretching; VCCB = 3.6 V - - 0.60VOL(SCLB)min mV
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Tamb = −40 °C to +85 °CSymbol Parameter Conditions
Min Typ[1] Max

Unit

internal pull-up resistance
SCLA; SCLB; SDAA; SDAB

VCCA or VCCB = 1.08 V 3.2 4.4 6.0 kΩ
VCCA or VCCB = 1.2 V 3.1 4.3 5.9 kΩ
VCCA or VCCB = 1.8 V 3.0 4.25 5.8 kΩ
VCCA or VCCB = 3.6 V 2.9 4.2 5.7 kΩ

Rpu pull-up
resistance

external pull-up resistance
SCLA; SCLB; SDAA; SDAB

0.3 - - kΩ

SCLA; SDAA
VI = VCCA; EN = GND - - 1 µA
VI = 3.6 V; VCCA = 0 V - - 1 µA

SCLB; SDAB
VI = VCCB; EN = GND - - 1 µA

II input leakage
current

VI = 3.6 V; VCCB = 0 V - - 1 µA
SCLA; SDAA

VI = 3.6 V or 0 V; VCCA = 3.6 V; f = 1 MHz;
EN = GND

- - 5 pF

VI = 3.6 V or 0 V; VCCA = 0 V; f = 1 MHz - - 7 pF
SCLB; SDAB

VI = 3.6 V or 0 V; VCCB = 3.6 V; f = 1 MHz;
EN = GND

- - 6 pF

CI/O input/output
capacitance

VI = 3.6 V or 0 V; VCCB = 0 V; f = 1 MHz - - 8 pF
Enable
VT+(EN) positive-going

threshold
voltage

EN pin 0.36VCCA 0.55VCCA 0.68VCCA V

VT-(EN) negative-going
threshold
voltage

EN pin 0.2VCCA 0.33VCCA 0.44VCCA V

Rpu(EN) pull-up
resistance

EN pin 1.67 2.30 4.20 MΩ

VI = VCCA - - 1 µAII input leakage
current VI = 0 V; VCCA= 3.6 V -2 - - µA

CI input
capacitance

VI = 3.6 V; VCCA = 3.6 V; f = 1 MHz - - 5 pF

[1] Typical values are measured at Tamb = 25 °C, VCCA = 1.2 V and VCCB = 1.2 V; unless otherwise specified.
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12.  Dynamic characteristics
Table 9. Dynamic characteristics
At recommended operating conditions; voltages are referenced to GND (ground = 0 V);
For waveforms see Fig. 7; For test circuits see Fig. 8.

Tamb = -40 °C to +85 °C
Port A: 10 pF

Port B: 160 pF[1]
Port A: 85 pF

Port B: 85 pF[2]

Symbol Parameter Conditions

Min Typ[3] Max Min Typ[3] Max

Unit

fclk(max) maximum clock
frequency

SCLA; SCLB [4] 1000 - - 1000 - - kHz

SCLA; SCLB;
VCCA = 1.08 V to 3.6 V;
VCCB = 1.08 V to 3.6 V

port A to port B 10 53 124 -6 37 59 ns
port B to port A -36 -11 11 -7 37 60 ns

SDAA; SDAB;
VCCA = 1.08 V to 3.6 V;
VCCB = 1.08 V to 3.6 V

port A to port B 7 39 97 -6 23 38 ns

tPLH LOW to HIGH
propagation
delay

port B to port A -30 -11 9 -5 26 43 ns
SCLA; SCLB;
VCCA = 1.08 V to 3.6 V;
VCCB = 1.08 V to 3.6 V

port A to port B 20 55 117 18 67 109 ns
port B to port A 20 57 118 23 82 128 ns

SDAA; SDAB;
VCCA = 1.08 V to 3.6 V;
VCCB = 1.08 V to 3.6 V

port A to port B 24 67 143 22 72 130 ns

tPHL HIGH to LOW
propagation
delay

port B to port A 20 57 123 23 88 132 ns
SCLA, SCLB input;
VCCA = 1.08 V to 3.6 V;
VCCB = 1.08 V to 3.6 V

port A to port B 7 14 16 28 47 71 ns
port B to port A 48 78 110 28 49 72 ns

SDAA, SDAB input;
VCCA = 1.08 V to 3.6 V;
VCCB = 1.08 V to 3.6 V

port A to port B 7 14 16 28 47 69 ns

tTLH(in) input LOW to
HIGH transition
time

port B to port A 48 75 112 28 48 74 ns
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Tamb = -40 °C to +85 °C
Port A: 10 pF

Port B: 160 pF[1]
Port A: 85 pF

Port B: 85 pF[2]

Symbol Parameter Conditions

Min Typ[3] Max Min Typ[3] Max

Unit

SCLA, SCLB output;
VCCA = 1.08 V to 3.6 V;
VCCB = 1.08 V to 3.6 V

port A to port B 8 32 66 4 16 37 ns
port B to port A 0 3 7 4 15 37 ns

SDAA, SDAB output;
VCCA = 1.08 V to 3.6 V;
VCCB = 1.08 V to 3.6 V

port A to port B 7 25 54 3 14 33 ns

tTLH(out) output LOW to
HIGH transition
time

port B to port A 0 3 6 3 13 33 ns
SCLA, SDAA outputs;
VCCA = 1.08 V to 3.6 V

- 0.040 0.350 - 0.040 0.265 V/nsSRf falling slew rate

SCLB, SDAB outputs;
VCCB = 1.08 V to 3.6 V

- 0.035 0.350 - 0.050 0.280 V/ns

[1] Times are specified with loads: 10 pF and 160 pF at the port A and port B, respectively; internal pull-up resistors (4.3 kΩ, typical) and
external pull-up resistors (1.65 kΩ) are used for effective pull-up resistance of 1.2 kΩ at the port A and port B.
The pull-up voltages for the port A and port B are VCCA and VCCB, respectively. See Table 12 (configuration 1)

[2] Times are specified with loads: 85 pF and 85 pF at the port A and port B, respectively; internal pull-up resistors (4.3 kΩ, typical) and
external pull-up resistors (1.65 kΩ) are used for effective pull-up resistance of 1.2 kΩ at the port A and port B.
The pull-up voltages for the port A and port B are VCCA and VCCB, respectively. See Table 12 (configuration 2)

[3] Typical values are measured at Tamb = 25 °C; VCCA = 1.2 V; and VCCB = 1.2 V; unless otherwise specified.
[4] FM+, FM and SM modes are fully supported for VCC = 1.08 V to 3.6 V.

Table 10. Data set-up time gain
1.2 V to 1.2 V translation from port A to port B; at recommended operating conditions; voltages are referenced to GND
(ground = 0 V); For test circuit see Fig. 9. .

Tamb = -40 °C to +85 °CSymbol Parameter Conditions
Min Typ[1] Max

Unit

clock channel: port A to port B;
data channel: port B to port A; see Fig. 9

[2]

CL(A) = 10 pF; CL(B) = 160 pF [3] 23 45 - ns

tgain(SU;DAT) data set-up time gain

CL(A) = 85 pF; CL(B) = 85 pF [4] 85 104 - ns

[1] Typical values are measured at Tamb = 25 °C
[2] Data from Table 10 hold also for the alternative signal flow direction,

that is: clock channel: port B to port A, data channel: port A to port B;
In this case, the values of the load capacitance at port A and port B should be exchanged.

[3] See Table 13, configuration 1 and configuration 2.
[4] See Table 13, configuration 1 and configuration 3.

Table 11. Switching characteristics
At recommended operating conditions; voltages are referenced to GND (ground = 0 V); For test circuit see Fig. 8. .

Tamb = -40 °C to +85 °CSymbol Parameter Conditions
Min Typ[1] Max

Unit

tramp-up supply ramp-up time VCCA; VCCB; see Fig. 11 (A) 30 - - µs
ten enable time EN; see Fig. 11 (B) - 450 1100 ns
tdis disable time EN; see Fig. 11 (B) - 100 150 ns

[1] Typical values are measured at VCCA = 1.2 V and VCCB = 1.2 V at Tamb = 25 °C
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12.1.  Waveforms and test circuits
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VOL is the typical output voltage level that occur with the output load.

Fig. 7. The port A to port B and port B to port A propagation delay times, input/output transition times and slew
rate
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The test circuits are used in two configurations with their parameters as described in Table 12.
(A) from A to B
(B) from B to A

Fig. 8. Test circuits for dynamic parameters measurements

Table 12. Test circuit configurations for the NCA9701A dynamic parameters measurements
Configuration Supplies Bus capacitance Pull-up resistance
1 VCCA = 1.2 V

VCCB = 1.2 V
CL(A) = 10 pF
CL(B) = 160 pF

Rpu(A) = 1.65 kΩ
Rpu(B) = 1.65 kΩ

2 VCCA = 1.08 V
VCCB = 2.5 V

CL(A) = 85 pF
CL(B) = 85 pF

Rpu(A) = 1.65 kΩ
Rpu(B) = 1.65 kΩ
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The test circuits are used in two configurations with their parameters as described in Table 13.
(A) set-up without an I²C repeater (the reference)
(B) set-up with the NCA9701A as the DUT

Fig. 9. Test circuits for the data set-up time gain measurement

Table 13. Test circuit configurations for the NCA9701A data set-up time gain parameters measurements
Configuration Supplies Bus capacitance Pull-up resistance
1; see Fig. 9 (A) VCCA = 1.2 V CL = 170 pF Rpu = 1.2 kΩ

(4.3 kΩ||1.65 kΩ)
2; see Fig. 9 (B) VCCA = 1.2 V

VCCB = 1.2 V
CL(A) = 10 pF
CL(B) = 160 pF

Rpu(A) = 1.65 kΩ
Rpu(B) = 1.65 kΩ

3; see Fig. 9 (B) VCCA = 1.2 V
VCCB = 1.2 V

CL(A) = 85 pF
CL(B) = 85 pF

Rpu(A) = 1.65 kΩ
Rpu(B) = 1.65 kΩ

aaa-034293
tgain(SU;DAT) = tSU;DAT(NCA9701A) tSU;DAT(wire)-

0.3VCCA

tclk

0. V7 CCA

tSU;DAT(NCA9701A)

0.3VCCA

SCLA
SCLSCL

SDAA
SSDABDAB

SSDADA

0.3VCCA

tSU;DAT(wire)

tdel

tdel is an arbitrary delay between the input data and clock signals; Here: tdel = 300 ns.

Fig. 10. The definition of the data set-up time gain
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(A) ramp-up time (VCC = VCCA or VCCB)
(B) enable and disable times (the HIGH-to-LOW transition on port A pins is synchronized with the detected
LOW-to-HIGH transition on the EN pin)

Fig. 11. The definitions of ramp-up time and enable and disable times

13.  Application information
Fig. 12 shows a generic application schematic of the NCA9701A. The NCA9701A is placed
between the I²C Master and I²C Slave, both operating with the clock frequency of 1 MHz. The
supplies VCCA and VCCB can be the same or different; the external pull-up resistors can be present
or absent; the pull-up resistors can be all of the same value or different. As shown in the figure, the
EN pin is driven by the I²C Master. However, it can also be left unconnected (it will be pulled up
internally) or tied externally to the VCCA supply.
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NCA9701A
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EN

SCLA

Rpu Rpu Rpu Rpu

SLAVE
1 MHz

SDAA

SCL

SDA

SCL

SDA

SCLB

SDAB

VCCA

VCCAVCCA VCCB VCCB

VCCB

BUS A BUS B

Fig. 12. Typical application of the NCA9701A

An application example of the NCA9701A in a single-rail system with the 1.2 V supply is shown
in Fig. 13. There is no signal level translation here. The external 1.65 kΩ pull-up resistors (giving
effective nominal pull-up resistance of 1.2 kΩ) are used at buses A and B to improve the I²C signal
timing. This application example corresponds to the first set-up (Table 12; configuration 1) for which
the NCA9701A parameters listed in Table 9 are measured; the port A and port B load capacitances
are 10 pF and 160 pF, respectively.
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aaa-034296

BUS MASTER
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VCCA VCCB VCCBVCCA

NCA9701A
GND
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SCLA

1.65 kΩ 1.65 kΩ 1.65 kΩ 1.65 kΩ

SLAVE
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SDAA

SCL

SDA

SCL

SDA

SCLB

SDAB

1.2 V

BUS A BUS B

Fig. 13. The application example of the NCA9701A in a single-rail system with the 1.2 V supply

In Fig. 14, the application example of the NCA9701A as a voltage translating buffer is shown.
The signal levels are up-converted from 1.0 V to 2.5 V. The external pull-up resistors are omitted
implying that the bus pull-up is taken care by the internal pull-up resistors only, even if the
NCA9701A is disabled.

aaa-034297

BUS MASTER
1 MHz

VCCA VCCB VCCBVCCA

NCA9701A
GND

EN

SCLA

SLAVE
1 MHz

SDAA

SCL

SDA

SCL

SDA

SCLB

SDAB

1.8 V1.2 V

BUS A BUS B

Fig. 14. The application example of the NCA9701A in a system with the up-level voltage translation from
1.0 V to 2.5 V

Multiple NCA9701A repeaters can be connected in series or in star with full flexibility on how the
connections between the repeaters are realized. For example, port B of the first NCA9701A can be
connected to port A or port B of the second NCA9701A, etc. If the clock stretching is used, port B
of the first NCA9701A must be connected to port A of the second NCA9701A, and so on. Also, the
I²C Master must always be connected to port A of the first NCA9701A and the I²C Slave to port B of
the last NCA9701A.

For certain bus capacitances there are recommended pull-up resistances, see Table 14

Table 14. Recommended pull-up resistance
Cbus (pF) Rpu (Ω)
85 3000
160 1650
400 600
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14.  Power supply recommendations
For the correct operation of the NCA9701A, the supply voltages on the VCCA and VCCB pins must
always be within the recommended operating voltage range. For both pins, the range is the same
and equals 1.08 V to 3.6 V. Furthermore, there are no restrictions for the selection of the supply
voltages of the VCCA and VCCB pins as long as they are from the recommended voltage range. So
the VCCA voltage may be greater, equal, or smaller than the VCCB voltage.

At the IC power up, one must assure that the supplies ramp up time complies with tramp-up
parameter (see Table 11). There are no supply sequencing requirements for the NCA9701A. So,
the supply for port A can be provided before, after, or at the same time as the supply for port B.

The supply start up level (Vstart) defines the voltage at which the NCA9701A gets activated and
starts drawing current. The supply under-voltage level (VUVLO) defines the voltage at which the
NCA9701A is deactivated and becomes nearly currentless.3 Though the NCA9701A supply start
level is lower than the minimal operating supply voltage, the correct operation of the NCA9701A
and the NCA9701A parameters are guaranteed only for the supplies within the recommended
supply voltage range.

It is recommended to use decoupling capacitors of value 0.1 µF or 1 µF for the VCCA and VCCB
supplies. They should be placed as close as possible to the VCCA and VCCB pins of the IC to reduce
current loops.

3 In the supply under-voltage, the IC current of port A or port B is in the nA-range and depends on VCCA and
VCCB supplies, respectively.
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15.  Package outline
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Fig. 15. Package outline SOT1233-2 (X2SON8)
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16.  Abbreviations
Table 15. Abbreviations
Acronym Description
CDM Charged Device Model
DUT Device Under Test
ESD ElectroStatic Discharge
FET Field Effect Transistor
HBM Human Body Model
I²C Inter-Integrated Circuit
PCB Printed Circuit Board
PMBus Power Management Bus
PRR Pulse Rate Repetition
SMBus System Management Bus

17.  Revision history
Table 16. Revision history
Document ID Release date Data sheet status Change notice Supersedes
NCA9701A v.1 20240911 Product data sheet - -
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18.  Legal information

Data sheet status

Document status
[1][2]

Product
status [3]

Definition

Objective [short]
data sheet

Development This document contains data from
the objective specification for
product development.

Preliminary [short]
data sheet

Qualification This document contains data from
the preliminary specification.

Product [short]
data sheet

Production This document contains the product
specification.

[1] Please consult the most recently issued document before initiating or
completing a design.

[2] The term 'short data sheet' is explained in section "Definitions".
[3] The product status of device(s) described in this document may have

changed since this document was published and may differ in case of
multiple devices. The latest product status information is available on
the internet at https://www.nexperia.com.

Definitions
Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. Nexperia does not give any representations or
warranties as to the accuracy or completeness of information included herein
and shall have no liability for the consequences of use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is
intended for quick reference only and should not be relied upon to contain
detailed and full information. For detailed and full information see the relevant
full data sheet, which is available on request via the local Nexperia sales
office. In case of any inconsistency or conflict with the short data sheet, the
full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
Nexperia and its customer, unless Nexperia and customer have explicitly
agreed otherwise in writing. In no event however, shall an agreement be
valid in which the Nexperia product is deemed to offer functions and qualities
beyond those described in the Product data sheet.

Disclaimers
Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, Nexperia does not give any
representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. Nexperia takes no responsibility
for the content in this document if provided by an information source outside
of Nexperia.

In no event shall Nexperia be liable for any indirect, incidental, punitive,
special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, Nexperia’s aggregate and cumulative liability towards customer
for the products described herein shall be limited in accordance with the
Terms and conditions of commercial sale of Nexperia.

Right to make changes — Nexperia reserves the right to make changes
to information published in this document, including without limitation
specifications and product descriptions, at any time and without notice. This
document supersedes and replaces all information supplied prior to the
publication hereof.

Suitability for use — Nexperia products are not designed, authorized or
warranted to be suitable for use in life support, life-critical or safety-critical
systems or equipment, nor in applications where failure or malfunction
of an Nexperia product can reasonably be expected to result in personal

injury, death or severe property or environmental damage. Nexperia and its
suppliers accept no liability for inclusion and/or use of Nexperia products in
such equipment or applications and therefore such inclusion and/or use is at
the customer’s own risk.

Quick reference data — The Quick reference data is an extract of the
product data given in the Limiting values and Characteristics sections of this
document, and as such is not complete, exhaustive or legally binding.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. Nexperia makes no representation
or warranty that such applications will be suitable for the specified use
without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using Nexperia products, and Nexperia accepts no liability for
any assistance with applications or customer product design. It is customer’s
sole responsibility to determine whether the Nexperia product is suitable
and fit for the customer’s applications and products planned, as well as
for the planned application and use of customer’s third party customer(s).
Customers should provide appropriate design and operating safeguards to
minimize the risks associated with their applications and products.

Nexperia does not accept any liability related to any default, damage, costs
or problem which is based on any weakness or default in the customer’s
applications or products, or the application or use by customer’s third party
customer(s). Customer is responsible for doing all necessary testing for the
customer’s applications and products using Nexperia products in order to
avoid a default of the applications and the products or of the application or
use by customer’s third party customer(s). Nexperia does not accept any
liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those
given in the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — Nexperia products are
sold subject to the general terms and conditions of commercial sale, as
published at http://www.nexperia.com/profile/terms, unless otherwise agreed
in a valid written individual agreement. In case an individual agreement is
concluded only the terms and conditions of the respective agreement shall
apply. Nexperia hereby expressly objects to applying the customer’s general
terms and conditions with regard to the purchase of Nexperia products by
customer.

No offer to sell or license — Nothing in this document may be interpreted
or construed as an offer to sell products that is open for acceptance or the
grant, conveyance or implication of any license under any copyrights, patents
or other industrial or intellectual property rights.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Non-automotive qualified products — Unless this data sheet expressly
states that this specific Nexperia product is automotive qualified, the
product is not suitable for automotive use. It is neither qualified nor tested in
accordance with automotive testing or application requirements. Nexperia
accepts no liability for inclusion and/or use of non-automotive qualified
products in automotive equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards,
customer (a) shall use the product without Nexperia’s warranty of the
product for such automotive applications, use and specifications, and (b)
whenever customer uses the product for automotive applications beyond
Nexperia’s specifications such use shall be solely at customer’s own risk,
and (c) customer fully indemnifies Nexperia for any liability, damages or failed
product claims resulting from customer design and use of the product for
automotive applications beyond Nexperia’s standard warranty and Nexperia’s
product specifications.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

Trademarks
Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.
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