LENESAS

Datasheet

RRW30120

USB PD EPR Source Controller with Integrated Secondary-Side Regulation for AC/DC Power

Description

The RRW30120 is a programmable USB PD
controller with Extended Power Range (EPR) support
for power source applications. The device integrates
a secondary-side regulation controller, interface
protocol controller, and USB VBUS NFET driver into
a single IC. The RRW30120 supports EPR up to

48 V output voltage.

The RRW30120 has an internal MCU and hardware
interface for the USB PD protocol. It allows rapid
charge of any USB PD protocol-enabled sink devices
such as mobile devices (MDs), notebook PCs (NB),
monitors, and power tools. It resides on the
secondary side of an AC/DC power supply and
configures the adapter for multi-level voltage and
current output.

RRW30120 measures the output voltage and load
current in real time. The measurement results are
sent to a digital compensator for closed-loop control
of the power converter. The digital control signal
generated by the compensator is converted to an
analog signal and transferred to the primary-side
controller via an optocoupler.

The RRW30120 is optimized to pair with Renesas’s
high-power-density QR and ZVS Flyback primary-
side controller to achieve high efficiency, low no-load
power consumption, accurate voltage/current control,
and fast dynamic load response. The RRW30120
also includes the necessary hardware for multi-port
power adapter design with minimum BOM cost.

Features

* Internal MCU with programmable firmware

= Support USB PD3.2 PPS, SPR AVS, EPR AVS,
and EPR 48V

= Reprogrammable application parameters
= Onboard programming through Type-C connector

= Built-in digital loop compensation with superior
DLR performance to minimize the external
component count.

= Adaptive primary switching detection that works
with ZVS and QR flyback controllers.

= Optimized to pair with all Renesas primary-side
controllers with secondary-side feedback.

= Optimized to pair with all Renesas SR controllers
in both high-side and low-side configurations

= Intelligent standby mode enables zero standby
power consumption, using Renesas “wattZERO”
technology (<5 mW at adapter input) with the
lowest system cost when pairing with Renesas
primary-side controllers for a typical 65 W+ travel
adapter

= Intelligent low-power mode

= Supports tight CV/CC regulation with optional CP
mode operation

= NFET driver for VBUS switch

= Internal active fast discharge

= Support peak power mode

= Provide up to five GPIOs

= Built-in master/slave 12C controller

= Comprehensive firmware-configurable protection
features, including OVP, OTP, OCP, OSP,
DPDN/CC1/CC2 OVP, and LPS fault protection.

= Package: QFN16,4 mm x 4 mm

Applications

= AC/DC adapters for USB PD-enabled
smartphones, tablets, notebook PCs, speakers

= Multi-port chargers

= Power supply for monitors, power tools, ebike and
broad industrial applications

= Wall outlets
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1. Overview

1.1 Block Diagram
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1.2 Typical Application
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Figure 2. RRW30120 Typical Application Circuit with RRW11011/RRW40120/RRW43110 for USB PD EPR Charger
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2. Pin Information

2.1 Pin Assignments
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Figure 3. 16-Pin QFN (4 mm x 4 mm) Pinout Diagram (Top View)

2.2 Pin Descriptions

Table 1. Pin Descriptions

Pin Number Pin Name Type Description

1 VIN Analog Input/Output Output voltage sensing input and discharge

2 VCC Power Voltage supply for the IC

3 OPTO Analog Output Optocoupler driver

4 DET Analog Input/Output Primary-side switching detection. It can also be configured as a
GPIO input.

5 GPIO1 Analog Input/Output GPIO pin. It can also be configured as 12C_SDA.

6 SD Analog Input/Output Connect to an NTC for temperature sensing. It can also be
configured as a GPIO pin.

7 GPIO2 Analog Input/Output GPIO pin. It can also be configured as 12C_SCL.

8 DPDN Analog Input/Output USB D+/D- signal. It can also be configured as a GPIO pin.

9 CC2 Analog Input/Output Communication channel 2

10 CC1 Analog Input/Output Communication channel 1

11 VBUS Analog Input Connect to VBUS switch source pin

12 VBUS_G Analog Output Gate driver for the external VBUS switch

13 VDD Power Digital circuit power supply. Connect to an external 4.7 pF capacitor.

14 1S+ Analog Input Connect to current sensing resistor "+ "end

15 IS- Analog Input Connect to current sensing resistor "-" end

16 GND GND IC ground
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3. Specifications

3.1 Absolute Maximum Ratings

Caution: Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such
conditions can adversely impact product reliability and result in failures not covered by warranty.

Table 2. Absolute Maximum Ratings

Parameter Symbol Minimum Maximum Unit
VIN DC Supply Voltage Range Vvin -0.3 60 \%
VCC Voltage Vvee -0.3 32 Vv
Continuous DC Supply Current at VCC pin (Vyin =21 V) Ivee - 10 mA
VDD Voltage Vvop -0.3 25 Y,
Continuous DC Supply Current at VDD pin (Vvin=4.5 V) Ivop - 10 mA
OPTO Voltage VopTo -0.3 32 \Y
DPDN Voltage Vopon -0.3 32 \%
CC1 Voltage Veer -0.3 54 \%
CC2 Voltage Veez -0.3 54 \%
IS+ Voltage Vis+ -0.3 6 \%
IS- Voltage Vis. -0.3 6 \%
GPIO1 Voltage Veriot -0.3 6 \%
GPIO1 Voltage Verioz -0.3 6 \%
SD Voltage Vsp -0.3 6 \
VBUS Voltage Vvsus -0.7 60 \
VBUS_G Voltage Vveus_c -0.7 65 \Y
DET Voltage Vet -0.3 6 \%
Junction Temperature Ty -40 150 °C
Storage Temperature Tste -65 150 °C
3.2 ESD Ratings
Table 3. ESD Ratings
ESD Model/Test Rating Unit
JEDEC JS-001-2017 (CC1/CC2/D+/D- pins) +4,000 \%
JEDEC JS-001-2017 (all other pins) +2,000 \Y
3.3 Thermal Specifications
Table 4. Thermal Specifications
Thermal Resistance (Typical) 0,4 (°C/IW)
16-Pin QFN Package 66.9
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34 Recommended Operating Conditions

Table 5. Recommended Operating Conditions

Parameter Symbol Minimum Maximum Unit
Maximum junction temperature Ty max -40 +150 °C
Maximum ambient temperature Ta -40 +85 °C
Voltage on VIN pin Vuin - 51 \%
3.5 Electrical Specifications
Vvin =5V, -40 °C < Ta < 85 °C, unless otherwise specified.
Table 6. Electrical Specifications
Parameter Symbol ‘ Test Conditions ‘ Min ‘ Typ ‘ Max I Unit
VDD Section
Digital power source Voo | lowo = 10 mA [ 15 | 18 [215 [ v
VCC Section
VCC maximum operation voltage Vvee_bc_max - - 30 \
VCC POR threshold Vvee_por - 2.6 3.14 3.65 \
VCC UVLO threshold Vvee_uvio - 2.4 2.8 3 \
VCC OVP threshold from the Vveo o ) 29.7 32 329 Vv
comparator
IC's operation current when Vvin =21V,
e " Ivee_Busy - 8 - mA
communication is busy [ lloao=0
IC’s operation current when Vvin =21V,
o Ivee ibLe - 2 - mA
communication is idle ["! lloan=0
With standard Type-C cable - 100 - MA
IC’s standby current when the sink
.. Ivee_sTaY
device is unplugged
With Type-C EMC cable - 170 - MA
DPDN Section
Data detection voltage \/DAT_REF1 - 0.38 0.425 0.48 \%
DPDN leakage resistance Rowm_Lke - - 1 - MQ
DNDN OVP threshold @ VbpoN_ove - - 45 - \%
CC1/CC2 Section
CC TX logic high signal voltage Vec x HiGH - 1.125 \Y,
CC TX logic low signal level Vee_tx_Low - -75 75 mV
BMC transmitter output impedance ZDRIVER - 50 Q
BMC signal bit rate famc - 300 kbps
15A@5V 163 180 197
CC1 sourcing current lcct pA
30A@5V 298 330 362
15A@5V 163 180 197
CC2 sourcing current lcc2 pA
30A@5V 298 330 362
R16DS0547EU0100 Rev.01.00 RENESAS Page 7
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Vvin =5V, -40 °C < Ta < 85 °C, unless otherwise specified.

Table 7. Electrical Specifications (Cont.)

Parameter Symbol Test Conditions Min Typ Max Unit
Rp attach detection threshold V1H_ro_aTtacH | CC1/CC2 2.36 2.6 2.83 \%
Ra attach detection threshold VtH ra ATTACH | CC1/CC2 0.53 0.56 0.63 \%
CC1 OVP threshold Vcei_ove - 5.30 5.65 5.95 V
CC2 OVP threshold Vcez ovp - 5.30 5.65 5.95 V
VCONN Section
Vvconn Vvoltage [ Vvconn horo= 1? mA, 3 - 5.5 Vv
Ta=25°C
Vvconn discharge resistor [ Rvconn_pis - - 1 - kQ
VBUS Section
VBUS discharge current Iveus_pis - 1.5 - - mA
VBUS leakage impedance ["! Rvsus_Lke VBUS switch off, 72.4 - - kQ
Vsare_ov threshold VsaFE_ov Falling edge 0.5 0.6 0.7 Vv
VBUS_G Section
VBUS_G to VBUS regulation range Vas leate = 110 pA - 6.9 - \Y%
VBUS_G to VBUS resistor Res - 2000 - kQ
VIN Section
VIN maximum operation voltage V/VIN_bc_MAX - - 51 V
VIN OVP threshold from the comparator VviN_ovp - - 55 - \%
xg\lugn:\iirt(\:lsltage threshold to turn off the V. Low ) 315 35 375 v
Internal maximum discharge current lois_max - - 150 - mA
SD Section
SD pin maximum sourcing current Isp_HicH 94.5 100 103.5 WA
ADC Section
VIN sensing range ["! VVIN_RANGE - 2.8 - 52 \%
VIN sensing tolerance VVIN_ToL Ta=25°C - 2 - %
igésijﬁiﬂ,g}n =40 0 ’ 9 A
Isense sensing current range !'! Isense_RANGE
iEEéSZJﬁZ%‘;}n =20 0 i 18 A
Rs =5 mQ,
Isense sensing tolerance Isense_ToL lLoap = 3 A, - 3 - %
Ta=25°C
NTC temperature sensing range Tsp_RANGE - 0 - 150 °C
NTC temperature sensing tolerance Tsp_toL Ta=120°C - 3 - °C
R16DS0547EU0100 Rev.01.00 RENESAS Page 8
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Vvin =5V, -40 °C < Ta < 85 °C, unless otherwise specified. (Cont.)

Table 8. Electrical Specifications (Cont.)

Parameter Symbol Test Conditions Min Typ Max Unit
IC junction temperature sensing range TJ_RANGE - 0 - 150 °C
IC junction temperature sensing tolerance Tu_toL - -10 - 10 °C
T, OTP threshold @ T, otp - - 140 - °C
DET Section
DET pull-down resistor Roet_po - 18 20.5 23 kQ
OPTO Section
Maximum OPTO drive current [ loPTo_MAX - - 4 - mA
GPIO Section
GPIO Vce Vce_crio lLoan=5 mA - 3.3 - \Y
- lLoap = 3 MA,
GPIO1 logic high output VoH_cpio Ta=25°C 3.3 \Y
. lLoap = 3 MA,
GPIO1 logic low output VoL_cpio1 Ta=25°C 0.3 Y
L ILoap = 3 mA
P1O2 1| high output ’ - . - \
GPIO2 logic high outpu VoH_cpio2 Ta=25°C 3.3
. lLoap = 3 mA
P1O2 1| | tput V ’ - - . \
GPIO OgIC low outpu OL_GPIO2 Ta=25 °c 0.3
GPIO1 RX threshold (low to high) VRX_GPIO1_L2H Ta=25°C 1.75 1.9 2.15 \%
GPI01 RX threshold (high to low) Vex cpot iz | TA=25°C 16 1.85 2.1 v
GPIO2 RX threshold (low to high) VRx_cpIo2_L2H Ta=25°C 1.75 1.9 2.15 \Y
GPIO2 RX threshold (high to low) Vrx epioz 2t | Ta=25°C 1.6 1.85 2.1 \Y
GPIO1 RX input impedance RRX_IN_GPIO1 Ta=25°C 1 - - MQ
GPI0O2 RX input impedance RRrx_IN_aPI02 Ta=25°C 1 - - MQ
GPIO1 weak pull-up resistor Repu_cpio1 Ta=25°C - 10 - kQ
GPIO2 weak pull-up resistor Reru_cpio1 Ta=25°C - 10 - kQ
L lLoap = 3 mA,
SD logic high output VoH_sb T =25 °C 3.3 \Y
. lLoap = 3 mA,
SD logic low output VoL_sb T =25 °C 0.3 \Y
R16DS0547EU0100 Rev.01.00 RENESAS Page 9
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Vvin =5V, -40 °C < Ta < 85 °C, unless otherwise specified. (Cont.)

Table 9. Electrical Specifications (Cont.)

Parameter Symbol Test Conditions Min Typ Max Unit
SD weak pull-up resistor Rup_sp Ta=25°C - 10 - kQ
SD RX input impedance RRrx_IN_sD Ta=25°C 1 - - MQ
SD RX threshold (low to high) V/RX_SD_L2H Ta=25°C 1.75 1.9 2.15 \Y,
SD RX threshold (high to low) V/RX_SD_HzL Ta=25°C 1.6 1.85 21 \Y
DPDN RX input impedance RRx_IN_sD Ta=25°C 1 - MQ
DPDN RX logic high threshold (low to high) VRX_DN_L2H Ta=25°C - 1.9 - \Y,
DPDN RX logic low threshold (high to low) V/RX_DN_H2L Ta=25°C - 1.85 - \Y
DPDN pull-down resistor Ron_ppon Ta=25°C - 1 - kQ
DET RX threshold (low to high) I Vrxoperizn | Ta=25°C - 1.2 - Y
DET RX threshold (high to low) [ V/RX_DET_L2H Ta=25°C - 1.15 - \Y,

1. These parameters are not 100% tested. They are guaranteed by design.

2. Value used depends upon specific product option.
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4. Typical Performance Graphs
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5. Functional Description

The RRW30120 is a programmable USB PD source controller for AC/DC adapters. The RRW30120 can
interface with sink devices that support USB-PD protocol. It is also backward compatible with USB BC1.2
compliant devices to provide a 5 V output by default setting. After the initial detection stage, based on the
CC1/CC2 signal voltage from the sink device, the RRW30120 interprets it to be a USB PD device and reads its
associated output voltage/current requests. When RRW30120 receives a valid voltage/current request, it adjusts
the voltage/current target of the control loop accordingly to regulate the output voltage/current to the requested
level. The RRW30120 features a built-in digital compensator for output voltage/current regulation. It eliminates
the need for external compensation resistors and capacitors. The output voltage and current are sampled by a
10-bit ADC and fed into the digital compensator. The digital compensator generates the error signal by
comparing the requested voltage/current from the sink device to the actual output voltage/current. The digital
compensator generates an output regulation control signal based on the error signal and feeds it to the
optocoupler driver. The optocoupler driver converts the output regulation control signal to a driving current at the
cathode of the optocoupler input side to send the signal to the primary controller.

The RRW30120 also monitors the real-time output voltage and current and internal IC temperature or external
temperature to provide protection when over-voltage, over-current, and over-temperature conditions occur. The
RRW30120 also features a programmable active discharging function to discharge the output capacitor quickly
after a request for a lower voltage or an unplugging of the sink device.

The RRW30120 can be paired with Renesas’ high-performance primary-side controllers and supports ZVS and
QR solutions to achieve high efficiency, low no-load power consumption, accurate voltage/current control, and
fast dynamic load response. When pairing with specific Renesas primary-side controllers, the AC/DC adapter
designed with the RRW30120 can achieve less than 5 mW standby power consumption when a sink device is
detached.

The RRW30120 also includes multiple GPIOs that can be configured to support multi-port power adapters and
other applications, such as monitors and power tools.

The RRW30120 can also be used in notebook adapters with peak current support and low IC operation current.

5.1 Pin Detail
511 Pin 1 -VIN

Sense and discharge the output voltage.

5.1.2 Pin2 -VCC
Voltage supply for the IC power.

513 Pin 3 - OPTO

Optocoupler driver output. It is a current sink controlled by the digital compensator.

514 Pin 4 - DET

Primary-side switching detection from the transformer’s secondary-side winding active node. It can also be
configured as a GPIO pin.

5.1.5 Pin 5 — GPIO1

General purpose input/output pin 1. It can be configured as an 12C_SCA.

5.1.6 Pin 6 — SD

Connect to an external NTC to measure temperature. It can also be configured as a GPIO pin.

51.7 Pin 7 — GPIO2

General purpose input/output pin 2. It can be configured as an 12C_SCL.

R16DS0547EU0100 Rev.01.00 RENESAS Page 12
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5.1.8 Pin 8 — DPDN
USB D+/D- signal for BC1.2 detection. It can also be configured as a GPIO pin.

5.1.9 Pin 9 - CC2

USB Type-C configuration channel pin 2. Used for sink device attach/detach detection and PD communication.

5110 Pin10-CC1

USB Type-C configuration channel pin 1. Used for sink device attach/detach detection and PD communication.

5.1.11 Pin 11 - VBUS

Connect to VBUS switch source pin to monitor VBUS voltage. It is used for VBUS switch control.

5112 Pin12-VBUS_G

Connect to the external N-FET gate pin for the VBUS switch gate-source voltage control.

5.1.13 Pin 13 -VDD
IC digital power supply. Connect a 4.7 yF capacitor from this pin to the ground.

5114 Pin14-1S+

Output current sensing resistor + terminal.

5115 Pin15-1S-

Output current sensing resistor - terminal.

5.1.16 Pin 16 — GND
IC ground.

5.2 Initialization and Handshaking with the Primary-Side Controller

An AC/DC power adapter, designed with a Renesas primary-side PWM controller and the RRW30120, starts up
initially at a default 5 V state. During startup, before the VCC voltage of the RRW30120 reaches Vvcc por, the
optocoupler driver of the RRW30120 is turned off. The Renesas primary-side PWM controller controls the power
adapter output voltage ramping independently.

When the RRW30120's VCC pin reaches Vvcc_ror, it starts the initialization and monitors the output voltage at
the VIN pin. The optocoupler driver’'s sink current is adjusted to ramp up the output voltage to the default voltage
smoothly.

5.3 CC1/CC2 Attach/Detach Detection and VBUS Control

The VBUS switch is off initially upon powering up the AC/DC adapter. After the VCC pin voltage reaches
Vvee_por, both CC1 and CC2 are connected to an internal voltage source through two 56 kQ resistors. The CC1
and CC2 voltages are compared with V_ro_attacH to detect if the sink device or cable is attached. The sink
device and/or cable attach will cause the CC1 and/or CC2 voltage to be lower than Vr1_ro. Once the sink device
and/or cable attachment is detected, the RRW30120 will apply lcc1 and lecz on CC1 and CC2 simultaneously to
determine if CC1 and CC2 are connected to Rp (5.1 kQ to GND inside the sink device) or Ra (1 kQ to GND
inside cable) by comparing CC1/CC2 voltage with Vth_ro_attach and Vr_ra_attacH. The VBUS switch will turn on
after 150 ms if the following three conditions are met:

1. Vvaus is less than Vsare_ov
2. VunisdV
3. Only one of CC1 and CC2 connects to Rp, and the other one connects to Ra or open
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After the VBUS switch turns on, the RRW30120 determines which of the two currents, lcc1 or lcc2, that was
previously applied to CC1 and CC2, respectively, was connected to Ra (or open) and will turn off that current
source. The remaining lcci/ lccz is only applied to the CC pin connecting with Rp to detect the detachment of the
sink device. If the sink device is detached, the CC1 or CC2 voltage initially connected with Ro will be higher than
V1H_rp to indicate the sink device is detached. The VBUS switch will thus turn off, and Vvsus will be discharged
through Ipis if Vveus>Vsare_ov. At this point, the Renesas primary-side PWM controller and the RRW30120 will
change the output voltage (and Vvin of the RRW30120) to the default 5 V level if it is not already 5 V. The current
limit will be set to the default level per product option. To start a new attach detection cycle, two 56 kQ resistors
will be reconnected to CC1/CC2 from the internal voltage source.

54 Protocol Initialization and Handshaking

When the power adapter is connected to the sink device and the VBUS switch is on, the RRW30120 begins the
protocol detection procedure. The RRW30120 sends out USB PD Source_Capabilities messages via the CC pin
(either CC1 or CC2, whichever pin is connected to Rp) and waits for the sink device’s response to make a PD
explicit contract. If PD protocol is not detected after about 7.5 s, the RRW30120 will stop sending
Source_Capabilities. After that, if a PD hard reset message is received, the RRW30120 will disable the VBUS
switch for 0.85 s and enable the VBUS switch again at the default output voltage of 5 V and default current and
start the PD detection procedure again as described previously. Figure 6 shows the flowchart for a power
adapter's handshake sequence using the RRW30120.

Power Up

Detached
VBUS off

Attached
VBUS on

Hard Reset

Y

Unplug No———| PD Detection

<—N PD Contract Made?
st Yjs
PD Detection Off PD Mode

Figure 6. Hand-Shake Flowchart

5.5 ADC

The RRW30120 integrates a 10-bit ADC for accurate output voltage, current, and internal/external temperature
measurement. The ADC input is from VIN, IS+/IS-, SD, and internal junction diode.

Vour sensing is done through the VIN pin, with a Vour range of 2.8 V to 51 V at 20 mV resolution. An external
Rin/Cin filter may be added to VIN to improve noise immunity. Rin can be configured by the IC option as
0 /1 Q/2 Q. The typical value for Cin is 1 yF, see Figure 7.
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RC filter
P ——— RRW30120

COUT
10-bit To voltage

- - ADC [ V2™ control logic

ADC Mux

Figure 7. Sensing with an External RC Filter

Output current is measured by the voltage across the sensing resistor connected to IS+/IS-. The RRW30120 can
support a wide current range by a programmable current amplifier and supports a wide range of sensing
resistors from 0.5 mQ to 15.5 mQ with 0.5 mQ step.

An NTC thermistor connected to the SD pin measures temperature. The NTC’s R25 and B values are
programmable, and the temperature measurement range is from 0 °C to 150 °C.

The ADC also measures the IC’s junction temperature for over-temperature protection.

5.6 Output Voltage and Current Regulation

The RRW30120 monitors the output voltage by reading the VIN pin voltage through a 10-bit ADC. The same
ADC is also used to monitor the voltage across the current sensing resistor for output current sensing. The
output voltage/current information from the ADC is fed to the digital compensator for control loop regulation
control. The digital compensator compares the output voltage/current with the regulation target. The voltage
regulation target at startup slowly ramps up and stays at the default voltage at the end of the startup. The current
limit at startup is set at the default current. After startup, RRW30120 may adjust the voltage target and current
limit according to a valid request from the sink device.

The RRW30120 decides the output regulation mode based on the voltage/current information. If the load is in
the normal range, the RRW30120 maintains a constant output voltage (CV) based on the regulation target. If the
load current increases beyond the acceptable range specified by the sink device, the RRW30120 transitions to
constant current (CC) mode, in which it maintains a constant output current determined by the sink device and
allows the output voltage to drop depending on the loading.

In either regulation mode, the RRW30120 compares the output voltage/current to the regulation target, and the
difference is sent to the digital compensator to generate the proper control signal. The built-in optocoupler driver
of the RRW30120 converts the control signal to a proper level of current going through the diode side of the
optocoupler. Renesas’ primary-side PWM controller receives this control signal through the BJT side of the
optocoupler and controls the primary switch(es) accordingly to complete the closed-loop regulation.

5.7 Voltage Transition and Discharge

When a higher voltage request is confirmed, the RRW30120 slowly ramps the internal reference to the target to
avoid a significant overshoot. Similarly, when a lower voltage request is confirmed, the RRW30120 slowly ramps
down the internal reference to prevent a big undershoot.

Discharge of the output capacitor is necessary for a quick voltage transition from a higher level to a lower level
when the load is light. An internal current source between the VIN pin and GND pin is turned on to provide a
current path to discharge. The discharge current is programmable up to 150 mA. Discharge stops when the
target voltage is reached to avoid excess load current and high-power dissipation inside the IC.
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5.8 GPIO

The RRW30120 has five GPIO pins, GPIO1, GPI02, SD, DPDN, and DET, that can be used as input and output
in various configurations with a logic level of 3.3 V.

= GPIO1/GPIO2/SD are full-functional GPIO pins

»= GPIO TX can be configured as push-pull, open-drain, and weak pull-up

= GPIO logic level: 3.3 V

= One built-in hardware 12C master, SCL/SDA = GPI02/GPIO1

Below is the pin assignment of the GPIO functions.
Table 10. GPIO Pin Assignment

Pin Name Pin Type Pin Function
GPIO1 /0 Full-function GPIO, I12C_SDA
GPIO2 /0 Full-function GPIO, 12C_SCL
SD I/0 Full-function GPI1O
DPDN /0 GPIO RX and TX with open-drain output
DET /0 GPIO RX only

5.9 Low-Power Mode and Standby Mode

After startup, the RRW30120 works with an operating current of Ivcc_susy. If the communication with the sink
device is idle for a specific time, it will enter the low-power mode with an operating current of Ivcc ibLe. When a
new message arrives, RRW30120 wakes up and enters Normal mode again.

If the sink is detached for a certain time, the RRW30120 enters Standby mode. In Standby mode, the Ivcc is
about 100 pA with a standard Type-C cable and about 170 uA with a Type-C EMC cable attached.

5.10 Protection

5.10.1 Over-Voltage/Over-Current Protection

The RRW30120 uses the sampled voltage/current information for over-voltage and over-current detection. If the
output voltage exceeds the programmable over-voltage threshold, default at 2 VV above the target, the
RRW30120 enters the fault state. Besides the ADC-based over-voltage protection (OVP), RRW30120 has an
additional comparator-based OVP. In the RRW30120 application, as shown in Figure 2, VIN_OVP comparator
will flip if Vour is higher than Vvin_ove. VCC_OVP fault will trigger if the voltage exceeds Vvcc ove. In the fault
state, the RRW30120 disables the VBUS switch and resets the power adapter to the default voltage.

In the over-current condition (OCP), the output voltage drops since the control loop clamps the output current. If
the output voltage drops below a certain level, known as the CC shutdown voltage, the RRW30120 turns off the
VBUS switch and resets the power adapter to the default 5 V.

5.10.2  Output Short Protection (OSP)

After the sink device is attached to a Type-C connector, the RRW30120 enables the VBUS NFET switch after
150 ms. If the VBUS switch turns on into output short, the output capacitor discharges. The output short is
detected when VBUS discharges below a threshold (Vvin_Low). The RRW30120 disables the VBUS switch
immediately to limit the current output and resets the power adapter to default 5 V.

5.10.3 DPDN/CC1/CC2 Over-Voltage Protection

The RRW30120 features DPDN over-voltage protection, which addresses soft short issues in the output cables
and connectors and protects against damage. If the DPDN pin voltage is above Vopon ove, the DPDN OVP fault
is triggered. The CC1 and CC2 voltages are also monitored after the IC power-up. If the voltage on the CC1 or
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CC2 pin is above Vcci1_ovp or Veez_ove, the CC1/CC2 OVP fault is triggered. When the RRW30120 detects a
DPDN/CC1/CC2 OVP, the VBUS switch turns off, and the power adapter will reset to the default voltage.

5.10.4 Over-Temperature Protection (OTP)

The RRW30120 has two sources for over-temperature protection. One is from the IC’s internal junction
temperature. The SD pin can provide another OTP function when an NTC resistor is connected between SD and
GND. An internal |_SD current flows through the NTC, and the internal ADC measures the NTC resistor voltage
V_SD on the SD pin. The RRW30120 determines the NTC resistor R_SD value by calculating V_SD/I_SD. The
NTC temperature T_SD is calculated by:

1
lﬁ +%X In (%)J

B is the material factor, and R25 is the resistance of the NTC device at 25 °C. The RRW30120 constantly
monitors the NTC temperature. If the NTC temperature exceeds the programmable OTP threshold, the
RRW30120 enters the fault state by turning off VBUS and resetting the power adapter to the default voltage. The
B value, R25, and OTP threshold are all programmabile.

The RRW30120 also monitors the IC’s junction temperature. If the IC’s junction temperature is higher than
T, otp, the RRW30120 disables the VBUS switch, resets the power adapter to the default voltage, and informs
the primary side to shut down the power adapter.
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6. Package Outline Drawings
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Figure 8. 16-Pin QFN (4 mm x 4 mm) Package
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7. Ordering Information

Date Description

Part no. Package Description
PDO/APDO Output power
RRW30120-XXX TBD TBD QFN-16 Tape & Reel’
Note 1: Tape & Reel packing quantity is 3,000/reel. Minimum packing quantity is 3,000.
8. Revision History
Revision Date Description
1.0 Oct 07, 2025 Initial release.
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (“RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS I1S” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These resources
are subject to change without notice. Renesas grants you permission to use these resources only to develop an application
that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is granted to any
other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims responsibility for, and you
will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses, or liabilities arising from
your use of these resources. Renesas' products are provided only subject to Renesas' Terms and Conditions of Sale or other
applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise alters any applicable
warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
WWWw.renesas.com office, please visit www.renesas.com/contact-us
Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.

© 2026 Renesas Electronics Corporation. All rights reserved.
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