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Application Note

USB Type-C Sink Port Detection and Protection IC

BD91NO1NUX Function Description

This product is a USB Type-C detection IC that is compatible with USB Type-C Rev2.1 standard for applications

which require to sink power. When a Type-C plug is inserted, the product enters stand-alone operation where it

supplies power from VBUS to the system. Through this product, a Type-C interface can be introduced to receive

voltage and current of up to 5V/3A which is the Type-C standard.

It can be used in applications that operate up to 15W of power, allowing the user to combine the ports of applications

that had separate traditional power like USB Standard/Micro/Mini B ports.

Specification Description

This product is dedicated for the Sink application. When
a Source device is connected via Type-C, a series of
operations are performed; the product operates through
the VBUS power, then detects the orientation of Type-
C, insertion and removal detection, then selects the
USB Type-C current. The connection status is relayed
to the system via output terminals. When a Type-C
connection is detected, the Pch-MOS FET in the VBUS
power line turns ON, supplying power to the system.
The status of the Type-C connection can be monitored
by checking each digital output using an MCU. Since the
product does not have an input setting terminal,
configuring the MCU is not required.

The Pch-MOS FET on
automatically

the VBUS power line

turns off when Source device is

disconnected.

[Power Supply Specification]
oVBUS =4.0t0 5.5V
eVVDDIO =1.7 to 5.5V

[Type-C Connection specification]
oSNK/ UFP

[SNK (Power Sink) Specification]
eInform the system of the Type-C connection condition
via both TCC1 and TCCO.

[Protection Function specification]
eVVBUS Over Voltage protection
¢VVBUS Under Voltage Lockout

[Digital Output terminals]
The following features are assigned to digital output
terminals.

Table 1. Digital output terminals

Output
Terminal # Name Voltage Features
Level
6 TCC1 VDDIO The 2-bit data of
Type-C current
7 TCCO VDDIO capability
8 ORIENT VDDIO Plug Orientation
Status of external
9 SWMONI VDDIO Pch-MOS FET

Note: All digital terminals have NO pull-down or pull-
up.

Unsupported Features

Table 2 lists the following features which the product
does not support since it only supports Type-C Sink
and UFP. Please check our USB PD controllers if the
following listed features are needed.

Table 2. Features not supported by BD91NO1INUX

Unsupported features

OTG Power Delivery

Dual Role Power Port Power Role Swap

Dual Role Data Port Data Role Swap

Source PPS
DFP Fast Role Swap
BC1.2 VBUS OCP

Sink that requires over 15W

Sink that requires over 5V
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Specifications Detail
Power Supply of this device

(VB Power Supply)

The power of this product is supplied at the VB terminal.
When a Type-C plug is inserted, VBUS supplies power
to the VB terminal where a power-on reset is performed
to start-up the product.

(VDDIO Power Supply)
Power to VDDIO is not required when all functions
assigned to the digital output pin are not used.

VDDIO supplies power to each digital output pin. VDDIO
can be turned on at any time. As a simple application
shown in Figure 5, VDDIO is connected to the powerline
of Pch-MOS FET, and power is supplied from the VBUS
to VDDIO after a series of connection detections.

In addition, the output terminals reflect the Type-C
connection status after the TCC Detection Removal
Pulse Width tr has elapsed

Please see the datasheet for further information.

Boot-up time and Operation Mode

The product notifies the status of the Pch-MOS FET by
asserting the SWMONI terminal after taking SWDRV
Turn on Time t2 when the voltage on VB terminal is
higher than VBUS supply detection voltage VuvreL. After
the Detection Data Invalid Time ti1. elapses, TCC1 and
TCCO stabilizes and notifies the current capability of the
connected Source.

Please see the datasheet for further information.

The voltage clamper on CC1/2 terminal

The product is designed to operate under dead battery
conditions; therefore, it does not require power from the
system. Voltage clampers are integrated into CC1 and
CC2 pins to enable connection detection from the
Source even there is no power supply in the system. In
cases where dead battery operation is required in
the
clampers as the Rd resistor to enable detection from the

Stand-alone operation, the product asserts

Source. These clampers are automatically released and
disables as soon as the VBUS voltage is above VuvreL.

Note that the clampers are for detecting the plugged
source under the dead battery conditions and is not
intended for voltage protection of CC terminals. On the
other hand, the CC terminals has an absolute maximum
rating of 28V, and an external protective element is not
required.

Power supply from VBUS

The product performs a series of connection detection
according to the USB Type-C standard, then turns on
the Pch-MOS FET on the VBUS power line via the
SWDRYV terminal to automatically supply the power to
the system. After that, the detected Type-C capability is
notified to the external components through TCC1 and
TCC2.

The SWDRYV terminal and the detection of
the connection failures

Unlike the legacy USB standard, the Type-C standard
is capable of cold plug function. The Type-C port
supplies power on VBUS after a successful connection
between port-pair by both CC1 and CC2 being stable.

The product uses cold plug function to determine
connection failures. The detection finds any failures
that are caused by the plugged source or the attached
cable to observe both CC1 and CC2 terminals at the
point where the VB terminal voltage rises equal to or
over VuvreL.

In the regular connection, the device turns on the Pch-
MOS FET at the SWDRYV for the VBUS power line to
supply the power to the system as described above.
On the other hand, if any failures were detected, the
device turns off the switch to isolate the system from
the VBUS power line.

Please refer to Table 3 for further information in
addition to “CC Detection” on page.4 in the datasheet.
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Table 3. The result of the detection.

CC1 terminal CC2 terminal Result SWDRV
<0.15v <0.15v Failures* OFF(H)
0.25V~2.18V <0.15V
<0.15V 0.25V 0 2.18V Normal ONL)
0.25V~2.18V | 0.25Vto 2.18V Not comply
with Type-C
> 2.5V Don't care Failures on OFF(H)
, pull up in
Don’t care > 2.5V Source side

*In case of the power is applied to VB terminal.
Table 4 shows the specification in the Type-C standard
and this product finds any failures according to these

thresholds.

Table 4. The definition of the CC voltage range in Type-C standard.

Connect to Definition CC terminal voltage
Sink Open <0.15V
Connection range 0.25V to 2.18V
USB Default 0.25V to 0.61V
USB Type-C 1.5A 0.70V to 1.16V
USB Type-C 3.0A 1.31V to 2.04V
Source Open > 2.5V

Regardless of the determined state (normal or failure),
the corresponding SWDRYV terminal is NOT released
until the VBUS voltage falls equal to or below Vuvper.

Note that the state of SWDRYV terminal is fixed and not
released even if different voltages are applied to both
CC1 and CC2 pins to confirm the behavior of the
device by using an external power source on the
evaluation in a Lab. This case may occur in a Lab, but
it doesn’t happen in the actual environment.

VBUS Over Voltage Protection

This product has an overvoltage protection function for
the VB terminal voltage (VBUS voltage). When a
voltage exceeding Vovoer is detected, the device turns
off the Pch-MOS FET and isolates the system from
Type-C receptacle.

This condition latches off when the VBUS pin's
overvoltage detection state persists and is not released
until the VBUS voltage falls below Vuvper.

The
overvoltage pulse width is less than “Auto Recovery

latched off-state does not occur when the

Pulse Width” t3, which then the device recovers to
normal condition immediately, where ts is defined at up

to 10us, therefore, the product always recovers from the
latched off-state if the pulse width applied is less than ts.

Specifically, the product recovers from the latched off-
state even if a pulse width of over 10us is applied. Note
that the ts value does not define the transition from the
latched-off state.

The detection result and VBUS Current
limitation

The product natifies the current capability of the Type-C
by asserting both TCC1 and TCCO, on the other hand
the product does not provide the current limitation for
the detected current capability. A system shall control
the current limitation for its drawing current according to
the current capability of the source device.

Under Voltage Lockout on VBUS

The product turns off the Pch-MOS FET on the VBUS
power line once the applied VBUS voltage is below
Vuvper. Once the VBUS voltage is below Vuvoer all
connection states are cleared. From this, when the
VBUS voltage is greater than or equal to VuvreL
connection detection is performed again, considering
the previous connection is maintained.

Removing Type-C plug from receptacle causes
disconnection from the Source and losing VBUS power
supply. Therefore, the device enters power off / reset

status. This behavior doesn’t depend on the VDDIO.

Power supplying to a system during
booting up

Since this product uses a Pch-MOS FET to control the
VBUS power line, the VBUS voltage is supplied to the
later stage until BD91NO1NUX applies the Gate voltage
of the Pch-MOS FET at startup and the off is confirmed
as shown in Figure 1.

Please note that the supplied voltage and its duration
strongly depend on the capacitance between Pch-MOS
FET or something in the actual system. Please use any
Pch-MOS FETs that have less gate capacitance (Ciss)
or add an appropriate resistor between VBUS and
SWDRYV as applications if a system requires to reduce
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the supplied voltage to the second stage. Please note
that there is a built-in 50kohm resistor between VB
terminal and SWDRYV terminal.

VBUS
Supplying
Plug v BD91NOINUX BD91NO1INUX
Attached Boot-up Drives FET
v v v
“TConnected Range [
CcC1 -
cc2
5V
VBUS
oV
SWDRV
—
VSRC /
Q1 “normaly-On” “ON” “OFF” ” “ON”
- 1
A A T,=max10ms /] A
Vgs  Pch MOSFET Pch MOSFET turns
reaches  yns off on by connection
athreshdd o, ietely detecting completion

for turn on.

Figure 1. The waveform of VSRC at the bootup time

A measure for Overshoot / Undershoot
voltage at the timing of the connection to
the source.

This product does not take countermeasures against
overshoot / undershoot voltage when powering the
Source device. Please consider it separately on the
system load side.

In addition, since the standard mask is set for the
overshoot / undershoot during the voltage rise and fall
in USBPD, please refer to the USBPD standard manual
(e.g., Chapter 7.1.4,) for more details.
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Type-C Connection Detection

When a connection is established with the Source
device and VBUS is equal or greater than VUVREL and
the voltage of CC1 and CC2 are within 0.25V and 2.18V
as defined in the Type-C standard, the product outputs
the connection result via TCC1 and TCCO after one
Detection Data Invalid Time t1.

TCC1 and TCCO also change with respect to the change
in CC1 and CC2 after the connection, but this situation
shall not occur and should not affect the system in an
actual case according to Type-C standard.

When connected to a Type-C/PD device, a PD source
communicates with CC1 or CC2 for a specific duration
depending on its voltage. This communication does not
affect the system because the product has a dedicated
filter to ignore these signals.

The other charging standards, outside of
Type-C standard

This product only supports Type-C and does not support
vendor-specific charging such as DCP / CDP in BC1.2
and any proprietary charging methods like Quick
Charge. If connected, the product interprets it like it is
connected to a standard USB port through a standard-
compliant Type-A to C cable, then turns on the Pch-
MOS FET on the VBUS power line.

USB-IF had released BC1.2 Standard as official, co-
existing with Type-C. The detected BC1.2 port (i.e.,
DCP or CDP) can allow the sink to draw current up to
1.5A exceeding the Type-C default current capability.
In this case, the external BC1.2 port detector is
required.

The connection to PD Source device

The product only supports Type-C and doesn’t support
USB PD. But USB PD standard assumes USB Type-C,
so the device detects and interprets the PD source
device according to the USB Type-C standard.

In this case, the device informs the asserted Rp by the
PD source to a system via both TCCO and TCC1 as
well as the connection to Type-C source.

The connection via Type-A to C Cable

This product supports connection via Type-A to C cable.
Type-A to C cable has a built-in Rp in its Type-C plug.
In addition, the Rp is the resistor that asserts USB
default current according to Type-C standard for it not
to draw excess current from Source. Therefore, when
connected, TCC1 and TCCO is TCC1=L, TCCO=H,
which indicates USB default.

If a Type-B to C cable is connected, the product cannot
boot up since the Type-B side port does not supply
power to the VBUS.
Table 5 shows the representative devices and
connection results via TCCO / TCC1.

Table 5. The results of the connection detection to the

representative devices.
Connected device Cable TCC1 | T

CCo
Source Type-C Default* L H
Source Type-C 1.5A H L
Source Type-C 3.0A H H
Source Type-C USB PD Type-C H H
Sink Type-C L L
Sink Type-C USB PD L L
Legacy-A (with BC1.2) Type-Ato C L H
Legacy-B Type-Bto C L L

*Type-C default is according to implemented USB standard version.

The device is designed with an assumption that a
Type-A to C cable to be used is Type-C standard
compliant and has a 56kQ Rp to indicate USB default.

ORIENT function

The ORIENT function is used to determine the
direction of the normal/flip side of the Type-C cable
and determine its pin assignment for USB
communication. The ORIENT terminal asserts “L” upon
startup and maintains it if CC1 is connected, while it is
“H” if CC2 is connected.

Basically, this function can be used to determine the
assignment of high-speed operating signals from
USB3.x or later. The Type-C standard allows D+ (Dpl/
Dp2) terminals and D- (Dnl / Dn2) terminals, which is
used for USB2.0 LS/FS/HS communication, to be
shorted to each other near the Type-C receptacle.
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Therefore, the architecture can allow a system not to
implement any multiplexor for USB2.0 data lines.

A system can also utilize the ORIENT function for
multiplexing USB2.0 signal lines due to PCB layout
constraints, as shown in Figure 2.

VBUS m VSRC

usB VB SWDRV
Type-C
Receptacle VDDIO 10 Power
| cc1
ce cc2 BDI1INOLNUX [SWMON
cc2 ORIENT

Tc

TCCL

BD11600NUX

GPIO

SoC

o]
E
2
5
°
uUsB
Peripheral

|
GPIO

Figure 2. An example for USB2.0 signal multiplexing

SWMONI Function

SWMONI function constantly asserts “H” whenever
SWDRYV turns on. Therefore, it can be used for
detecting the power supplied from the Source, to the
system. The signal can also be applied as an enable
input on POL that generates internal power, or on any
GPIOs in an MCU to control internal signals.

Current detection by TCCO/TCC1

As explained in the following paragraph, this product
has no current limitation or protection according to
asserted TCC1 and TCCO. A separate system shall
control the current limit depending on the Source
device.

TCCO0 and TCC1 can be utilized to notify the
information regarding the current capability of the
connected Source device. Referring to the current
capability defined by TCCO and TCC1, charging
current and overcurrent protection settings can be set

to chargers and POL via MCUs and logic components.

In the case of the default current in USB standard,
there is no method for the Type-C architecture to
specify the USB default current. Therefore, a system
shall determine the current limitation according to the
USB version of the implemented USB PHY. Note that
for USB3.2 and later, these standards require Type-C
port and USB Power Delivery, so it does not fall into
this category.

Table 6. The definition of default current in USB.

USB Standard Current limitation
Before enumeration 100mA
regardless of USB1.0 to

3.1

USB1.x and 2.0 500mA

USB3.0 and 3.1* 900mA

*USB3.2 or later requires Type-C 1.5A as its default.

The determined current capability by TCCO and TCC1
indicates the maximum current capability of the Source
device. The minimum power consumption and actual
power consumption by the Sink device should be less
than the capability of the Source.

In addition, this product always turns on the Pch-MOS
FET of the VBUS power line and powers the system if
there is a connected Source device. Therefore, it is
necessary for a system to limit the power consumption
from VBUS if the power supplied by the detected
Source device is less than the minimum operating
power required by the Sink.

Table 7. The power limitation between Source and Sink

Connected device Cable Max power of a Sink
USB2.0: 2.5W
Source Type-C Default* USB3.x: 4 5\
Source Type-C 1.5A Type-C 7.5W
Source Type-C 3.0A 15W
Source Type-C USB PD 15w
Legacy-A (with BC1.2) Type-Ato C 7.5W*

*BC1.2 detector is required in addition.
**1.5A is required as default on USB3.2 or later
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Disconnection and the detection timing of
TCCO/TCC1

Since the change in the CC1/CC2 to TCC terminals
strongly depends on the stabilization time of chattering
for the insertion/removal of type-C plugs, timing from
CC1/CCz2 is not specified by the datasheet of
BD91NO1INUX.

Especially, when determining the time of removal, the
stability of the TCCO and TCC1 terminals is such that
SWMONI will drop within 500 ys when VBUS falls
below 3.1 V due to the removal of the Type-C plug, so
by triggering this, TCC will be determined stably.

Plug Detached

cc2
5V
VBUS 31v \\
33V
VDDIO
ORIENT
wn @
TCC[L:0] Unstable >\ 00b
“OEE”
SWDRV
“ON”
“yr
SWMONI
“r
5V
VSRC
No Specificaiton ts

Figure 3.The stability of TCCO and TCC1 at the unplugging

Table 8. The timing characteristic of TCCO and TCC1

Parameter Symbol | Min | Typ | Max | Unit
The stability

timing from

VBUS 3.1v| “ N R S
threshold

Regarding EXP-PAD

EXP-PAD is not connected to internal GND and can be
connected to GND or Open.
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Recommended Application Example

VBUS

uUsB
Type-C

Receptacle

CC1
cCc2
Dp1l
Dp2
Dnl
Dn2

RX1+/RX1-
RX2+RX2-

TX1+HTX1-
TX2+HTX2-

GND

’ VSRC
l QlJ_ Q2
[ C
1 Cl - 1
VB SWDRV
VDDIO
10 Power
ccL ©2
o Ul SWMONI
BD9INOLINUX ORIENT Depend
TCCO on the
usB system
:1 ’} uss TCCl y
— ss
Signal
L MUX GND
GND

»

Figure 4. The Recommended Application Example 1 (Reverse current protection on VSRC, a system can supply

VBUS

usB
Type-C

Receptacle

CC1
cC2
Dp1l
Dp2
Dnl
Dn2

RX1+/RX1-
RX2+RX2-

TX1+HTX1-
TX2+HTX2-

GND

any VDDIO)

’ { l ’ VSRC
C
Cs 4
VB SWDRV
VDDIO
ccL ©2
o u1l SWMONI
BD9INOLINUX ORIENT Depend
TCCO on the
usB system
:1 ’} uss TCCl y
— ss
Signal
L MUX GND
GND

»

Figure 5. The Recommended Application Example 2 (VBUS supplies VDDIO at 5V fixed)
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Recommended application parts and its selection

Table 9. Recommended application parts selection

Symbol Name

Contents

Characteristic

Comment/Recommendation

Ul

IC

3.0mmx2.0.mm, VSONO010X3020

BD91NOINUX

C1

Capacitor

0.1pF, 2 16V, X5R/X7R

C2

Capacitor

1uF, 2 16V, X5R/X7R

C3

Capacitor

1uF to 10pF, 216V, X5R/X7R

USB PD standard specifies the
total capacitance before Q1
turning on as cSnkBulk. Please
adjust the sum of C1 and C3
capacitance within 1uyF to
10pF.

C4

Capacitor

1uF to 100pF, 216V, X5R/X7R

USB PD standard specifies the
total capacitance after Q1
turning on as cSnkBulkPd.
Please adjust the sum of C1,
C3 and C4 capacitance within
1uF to 100uF according to the
second stage of a system.

Q1, Q2*

FET

Pch-MOS FET

RWA4C045BC

*For preventing the reverse back current from VSRC, both Q1 and Q2 compose Back-to-Back architecture. Q1 is

only required if the feature is not required.
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Revision History

Revision L
D Description
ate Number P
Oct. 14. 2021 001 Initial Release
Oct. 31. 2024 002 Fix Typo
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Notice

Notice

1) The information contained in this document is intended to introduce ROHM Group (hereafter
referred to asROHM) products. When using ROHM products, please verify the latest specifications
or datasheets before use.

2) ROHM products are designed and manufactured for use in general electronic equipment and
applications (such as Audio Visual equipment, Office Automation equipment, telecommunication
equipment, home appliances, amusement devices, etc.) or specified in the datasheets. Therefore,
please contact the ROHM sales representative before using ROHM products in equipment or
devices requiring extremely high reliability and whose failure or malfunction may cause danger or
injury to human life or body or other serious damage (such as medical equipment, transportation,
traffic, aircraft, spacecraft, nuclear power controllers, fuel control, automotive equipment including
car accessories, etc. hereafter referred to as Specific Applications). Unless otherwise agreed in
writing by ROHM in advance, ROHM shall not be in any way responsible or liable for any damages,
expenses, or losses incurred by you or third parties arising from the use of ROHM Products for
Specific Applications.

3) Electronic components, including semiconductors, can fail or malfunction at a certain rate. Please
be sure to implement, at your own responsibilities, adequate safety measures including but not
limited to fail-safe design against physical injury, and damage to any property, which a failure or
malfunction of products may cause.

4) The information contained in this document, including application circuit examples and their
constants, is intended to explain the standard operation and usage of ROHM products, and is not
intended to guarantee, either explicitly or implicitly, the operation of the product in the actual
equipment it will be used. As a result, you are solely responsible for it, and you must exercise your
own independent verification and judgment in the use of such information contained in this
document. ROHM shall not be in any way responsible or liable for any damages, expenses, or
losses incurred by you or third parties arising from the use of such information.

5) When exporting ROHM products or technologies described in this document to other countries, you
must abide by the procedures and provisions stipulated in all applicable export laws and regulations,
such as the Foreign Exchange and Foreign Trade Act and the US Export Administration
Regulations, and follow the necessary procedures in accordance with these provisions.

6) The technical information and data described in this document, including typical application circuits,
are examples only and are not intended to guarantee to be free from infringement of third parties
intellectual property or other rights. ROHM does not grant any license, express or implied, to
implement, use, or exploit any intellectual property or other rights owned or controlled by ROHM or
any third parties with respect to the information contained herein.

7) No part of this document may be reprinted or reproduced in any form by any means without the
prior written consent of ROHM.

8) All information contained in this document is current as of the date of publication and subject to
change without notice. Before purchasing or using ROHM products, please confirm the latest
information with the ROHM sales representative.

9) ROHM does not warrant that the information contained herein is error-free. ROHM shall not be in
any way responsible or liable for any damages, expenses, or losses incurred by you or third parties
resulting from errors contained in this document.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.

ROHM ROHM Customer Support System

SEMICONDUCTOR

https://www.rohm.com/contactus
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