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1 Description

The iW657P is a USB Power Delivery (USB PD) interface controller which handles the communication between a
Power Adapter and Mobile Device (MD). The controller enables the mobile device to alter the Vg voltage from the
default 5V and/or maximum current limitation (e.g. 3A) for higher power output or better efficiency. The iIW657P
supports USB PD 3.0, including Programmable Power Supply (PPS) support, while being backwards compatible with
USB PD 2.0. The device also supports Qualcomm® Quick Charge™ 4+ technology. The iW657P enables the use of
advanced USB Type-C™ connector technology with CC1/CC2 pins for MD attach/detach detection and Vony support
for Electronically Marked Cable (EMC) rated current reading. The iW657P also integrates a high current charge-pump
circuit to drive an external NFET Vgg disconnect switch.

The iW657P resides on the secondary side of an AC/DC power supply and negotiates voltage and current settings with
the primary-side controller, depending on the requests from the MD. The iW657P uses Dialog’s proprietary secondary-to-
primary digital communication technology and when paired with one of Dialog’s primary-side RapidCharge™ controllers,
such as the iW1791 or iW1799, the iW657P eliminates the need for a discrete decoder on the primary side by using

one optocoupler to transmit all necessary information for rapid charging to the primary side. This includes output voltage
requests, output current limits, output voltage undershoot, output over-voltage, and fault and reset signals. The iIW657P
incorporates Dialog’s proven and reliable DLNK technology to communicate from the secondary to the primary and also
has a built-in optocoupler LED driver to minimize the bill of material cost.

The power supply designed with the iIW657P is fully protected. Using over-voltage protection on the D+/D-/CC1/CC2
pins, the iIW657P helps to address soft short issues in cables and connectors caused by poor or loose connections
between the cable connector and the socket, contamination in the USB connector, or a worn out cable. Additionally,
proprietary short circuit protection on the Vg s NFET ensures safe operation in the event of a short on the output, while
the SD pin can be used with an external NTC resistor for protection from over-temeperature faults. The iW657P also
integrates a secondary-side current sensing circuit that provides additional over-current protection for the power adapter.

2 Features
e USB-IF PD certified: USB PD 3.0 + Programmable e Proprietary Vgys NFET protection to protect Vg
Power Supply (PPS) switch from damage due to an output short circuit

» Maximum power limit in PPS to minimize power e Proprietary secondary-to-primary digital
adapter size communication eliminates discrete decoders on the

» Integrated CC transmitter/receiver supports BMC primary side and simplifies system designs

communication e D+/D-/CC1/CC2 over-voltage protection (OVP) address
»  Backwards-compatible with USB PD 2.0 soft short issues in the output cables and connectors

e Supports Qualcomm Quick Charge 4+ Technology Optional secondary-side current sensing circuit

provides additional protection for over-load fault

* Supports upito 7 Rower Data Objects (PDOs) e Uses external NTC for power adapter temperature sensing

* Supports wide output voltage range from 3.3 to 21V Programmable active fast discharge from a high

e Compatible with USB Type-C specification Rev 1.2 voltage Vg level to 5V at MD unplug or upon

for MD attach/detach detection and Vony Support for request with built-in switch or external switch

smart cables e Intelligent circuits helps achieve < 20mW system no-
e Integrated charge pump supports single NFET Vg5 switch load power at 5V steady-state operation.
e 9-bit ADC provides accurate current (optional) and e 14-pin 4x3mm TDFN package

voltage sensing

Ou.alcomm*4+
3 Applications Quick Charge

e Rapid-charging AC/DC adapters for smart phones,

tablets and other portable devices Qualcomm® Quick Charge ™ is a product of Qualcomm Technologies, Inc.
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Figure 3.1 : iW657P Typical Application Circuit with Secondary-Side Current Sensing
(with iW1791 as the Primary-Side Controller and the iW676 as the Synchronous Rectifier Controller)
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Figure 3.2 : iW657P Typical Application Circuit without Secondary-Side Current Sensing
(with iW1791 as the Primary-Side Controller and the iW676 as the Synchronous Rectifier Controller)
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Figure 3.3 : iW657P Typical Application Circuit with Secondary-Side Current Sensing
(with iW1799 as the Primary-Side Controller and the iW676 as the Synchronous Rectifier Controller)
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4 Pinout Description
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Figure 4.1 : 14-Lead TDFN 4x3mm Package
(Top View, Transparent)

NDA Confidential

Pin Number . . _
DEN-14 Pin Name Type Pin Description
1 DIS Analog Output | Discharging circuit. Used for fast discharging of output capacitor.
5 DRV Analog Output External_ circuit drlv'e..C.)an be used tg Firlve'optocouplefr LED YVIth
automatic current limiting for transmitting signals to primary side.
3 Ve Power Supply | IC power supply.
4 DET Analog Input | AC unplug detect.
5 V QG Inputf Monitor Vgys voltage after N-FET switch
BUS Output BUS .
6 Veus 6 Ana(l;‘:j%zf ut/ Connect to external N-FET gate pin for gate-source voltage control.
Analog Input/ ) .
7 CC2 Output Configuration Channel 2.
Analog Input/ ) .
8 CC1 Output Configuration Channel 1.
9 IS- Analog Input Output current sensing terminal - (for current sensing resistor).
10 1S+ Analog Input | Output current sensing terminal + (for current sensing resistor).
sD Analog Input/ | Connect to an external NTC resistor to measure the power adapter
1 Output temperature.
Analog Input/ .
12 D- Output USB D- signal.
13 GND Ground Ground.
Analog Input/ .
14 D+ Output USB D+ signal.
Datasheet Rev. 1.0 13-Nov-2018
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5 Absolute Maximum Ratings

NDA Confidential

Absolute maximum ratings are the parameter values or ranges which can cause permanent damage if exceeded.

Parameter Symbol Value Units
V¢ voltage Vee -0.31t0 30 Vv
DIS voltage Vois -0.3t0 30 \%
DRV voltage Vpry -0.31t0 30 Vv
Vgp voltage Vgsp -0.3to7 \%
D- voltage Vp. -0.3to7 \%
D+ voltage Vps -0.3to7 Vv
CC1 voltage Veeq -0.3t0 30 \Y
CC2 voltage Ve -0.3t0 30 \%
Vgys Voltage (lygys < 1T0mA) Vaus -0.7 to 30 \Y
Vgus_c Voltage Veus 6 -0.7t0 35 \Y
DET voltage Vet -0.7 to 30 \Y
Peak current at DIS pin (Vp,s= 12V) Iois 600 mA
IS+ voltage Vis+ -0.3to7 \Y
IS- voltage Vis. -0.3to7 \%
Maximum junction temperature Timax 150 °C
Operating junction temperature T,oe7 -40 to 150 °C
Storage temperature Tste -65 to 150 °C
ESD rating per JEDEC JESD22-A114 (D+, D-, CC1, CC2) 18,000 \Y
ESD rating per JEDEC JESD22-A114 (all other pins) +2,000 \%

Notes:

Note 1.  Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are
stress ratings only, so functional operation of the device at these or any other conditions beyond those indicated in the
operational sections of the specification are not implied. Exposure to absolute maximum rating conditions for extended

periods may affect device reliability.
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6 Electrical Characteristics

Ve = 5Y, -40°C < T, < 85°C, unless otherwise specified

NDA Confidential

Parameter Symbol Test Conditions Min Typ Max | Unit
Vcc SECTION
Standby current lcc Ve =5V, Bus switch off 300 350 450 MA
Operating voltage (Note 1) Ve 2.6 25
Startup threshold (Note 1) Vees 3.3
Undervoltage lockout threshold (Note 1) Vec uvio 2.6
Fast discharge threshold (Note 1) Vec pis +7.3 +10 +12.7 %
Vee 24V -6.2 -5 -3.8 %
Under-voltage threshold Vecwy)
Vee <4V -6 %
Ve <20V +19 +22 +26 %
Over-voltage threshold Vecov)
20V < Ve <21V 23.8 244 252 \Y
DIS SECTION
Fast discharge current Ipis_rasT On state 500 mA
Vee = 3.0V -4.5V 70 mA
Vec =4.5V -7V 52.5 mA
Slow discharge current Ipis_sLow
Vee =7V - 16V 22.9 35 42.3 mA
Vee > 16V 125 17.5 221 mA
DRV SECTION
Sink current Iorv On state 2 25 3 mA
Vgus SECTION
Vpys discharge resistor Rveus_pis 7 10 13 kQ
Vgys leakge impedance (Note 1) Rvsus_Lke Vpgys switch off 72.4 kQ
Vgys attach/detach detection threshold V sare_ov 0.4 0.6 0.8 V
Vgys output short detection threshold (after turn-on) Vosp 360 mV
Vgys_ ¢ SECTION
Vgus_c 10 Vgys regulation range Ves Vee 25V 6.2 6.9 7.6 \Y,
Vgus_ 10 Vgys resistor Rgs 1200 2000 2800 kQ
Vgus_c drive current Is 200 MA
OTP SECTION
Minimum SD pin sourcing current Isp_min 4.4 5 5.9 MA
Maximum SD pin sourcing current Isp_max 94 100 109 MA
Datasheet Rev. 1.0 13-Nov-2018

www.dialog-semiconductor.com

© 2018 Dialog Semiconductor



iIW657P

¢Jdialog

USB Power Delivery 3.0 Controller with Integrated Current Sense
Supports Qualcomm Quick Charge 4+

6 Electrical Characteristics (Cont.)
Vee = 5Y, -40°C < T, < 85°C, unless otherwise specified
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Parameter Symbol Test Conditions Min Typ Max Unit
SQ pin NTC temperature - turn-off for Vgg T 24 - 151°C Configured 120 o
switch, shutdown TA Sb_otP by Manufacturer (Note 3)
fvatzll‘? NTC temperature - turn-on for Vgys Teo.sr Teo_orp - 10°C 110 o
{Z lJJL;nS(zltlli?(r:htemperature threshold to turn on T, er 130 o
IC juncti_on temperature threshold to turn off T 140 o
Vgus switch and shutdown TA J-0TP
D+/D- SECTION
Data detect voltage Vpar ReF 0.3 0.35 0.4
Vour selection reference VseL Rer 1.8 2 2.2
Data line leakage on D+ Rpar (ke b+ 1000 kQ
D+ to D- resistance Rocp_par D+=D-=0.6V 40 Q
D- pull-down resistance Rom pwm 14.25 18 24.8 kQ
D+ OVP threshold Vpp ovp 4.15 4.5 4.73
D- OVP threshold Vom_ ove 4.15 4.5 4.73
CC1/CC2 SECTION
Default current limit 2A 165 180 195
CC1 sourcing current (Note 2) lec MA
Default current limit 3A 300 330 360
Default current limit 2A 165 180 195
CC2 sourcing current (Note 2) leco MA
Default current limit 3A 300 330 360
MD pull-down resistor Ry detect threshold V14 ro 26 29 3.2 \Y,
Cable pull-down resistor R, detect threshold V1 ra 0.45 0.5 0.55 \%
CC1 pull-up resistor (detach state) Rcct_petach 56 kQ
CC1 OVP threshold Veer ove 6.5 6.8 7.25 \Y
CC2 OVP threshold Veez ovp 6.5 6.8 7.25 \Y
BMC signal logic high voltage Ve Tx_HiGH 1.050 1.125 1.200 \Y,
BMC signal logic low voltage Ve tx_Low -75 75 mV
BMC receiver comparator threshold(rising/ Rising 0.64 0.725 0.86
falling) Vs fx Falling 0.505 o575 |oors|
BMC signal bit rate fame 270 300 330 kbps
BMC transmitter output impedance ZpRIVER 33 75 Q
Datasheet Rev. 1.0 13-Nov-2018
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6 Electrical Characteristics (Cont.)
Ve = 5Y, -40°C < T, < 85°C, unless otherwise specified

Parameter Symbol Test Conditions Min Typ Max Unit

Veonn SECTION

Vconn Voltage 3 55 Vv
Veonn current lvconn Veonn = 3V 33 mA
Vconn discharge resistor Rois_vconn 2.6 kQ
DET SECTION

DET comparator threshold V1H_peT 0.68 0.8 0.91 \%
Primary side off timer Toer oFr 36 40 44 ms

PD/QC MODE TIMMING

Time from attach MD to Vgyg reach 5V

(Note 1) Tsus_on 0 275 ms
Time from detach MD to Vgg below
T 0 650 ms
Vsare_ov (Note 1) BUS_OFF
Voltage change glitch filter time (Note 1) ToLmen av 40 ms
New voltage request interval (Note 1) Tv_new_ 200 ms
REQUEST
ADC SECTION
Vgus sensing range VBus_RANGE 3 26 Vv
Vgys sensing tolerance Vgus_ToL Vgus = 3.3-21V (Note 1) 2 %
lgus sensing range lsus_rANGE Rsense = 5mQ 0 6.5 A

lgus sensing tolerance lgus_ToL Loj%ij(r'r\legtte'i ;DC -100 100 mA

Junction temperature range T, ranGE 0 165 °C

Junction temperature tolerance Ty 1oL -10 10 °C

SD NTC tolerance Tnre_ToL Tnre 2 70°C -5 5 °C
Notes:

Note 1: These parameters are not 100% tested. They are guaranteed by design and characterization.
Note 2: Value used depends upon specific product option

Note 3: Parameter can be configured by manufacturer. Please contact Dialog for NTC selection and OTP threshold information.

Datasheet Rev. 1.0 13-Nov-2018
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7 Typical Performance Characteristics
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8 Functional Block Diagram
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Figure 8.1 : iW657P Functional Block Diagram
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9 Theory of Operation

The iW657P is an AC/DC secondary-side controller for USB Type-C™ enabled travel adapters (TA) with USB PD 3.0
and Qualcomm® Quick Charge™ 4+ (USB PD3.0/QC4+) protocol support. This device integrates secondary-to-primary
communication interfacing to allow Mobile Devices (MD) equipped with USB PD3.0/QC4+ technology to request

the adapter output voltage/current configuration to multiple output levels for fast charging or direct charging. The
iW657P supports Programmable Power Supply (PPS) Augmented Power Data Object (APDO) and related messages.
With an internal 9-bit ADC, the iW657P can accurately measure Vg g, Igys, and the TA temperature and provide this
information to the MD through PD3.0 messages. The iW657P also supports Vony @nd Electronic Marked Cable
current reading, which enables iW657P to limit its PDO current not higher than the cable current rating. The iIW657P is
backward compatible with PD2.0.

The iIW657P is also backwards compatible with USB BC1.2 compliant MDs and other MDs to provide 5V output
voltage by its default setting. The iIW657P can be detected as a dedicated charging port (DCP) if an MD is connected.
After the initial handshaking stage, the iW657P interprets the CC1/CC2 signal and D+/D- signals to determine USB
PD3.0/QC4+ mode and its associated output voltage/current requests. A valid request is encoded to certain pulse
patterns and sent to the primary side through an optocoupler.

Besides the voltage and current information, the iW657P also monitors the adapter output voltage and sends over-
voltage or under-voltage information to the primary side through the same optocoupler using Dialog’s proprietary
secondary-side to primary-side digital communication protocol. The optocoupler is driven by a current source (lpgy) for
stable signal transmission independent of output voltage. The iW657P should be paired with one of Dialog’s primary-
side controller, either the iW1791 or iW1799, for dynamic multi-level voltage and current configuration and control. The
primary-side controllers have a built-in circuit to decode the different pulse patterns for voltage configuration, current
limit setting, Vour under-voltage and over-voltage detection, and the primary-side controller responds according to the
decoded information. The iW657P also features a programmable fast/slow active discharging function to discharge the
output capacitor in a short time after a request for a lower voltage or upon detection of an unplug event of the MD.

9.1 Pin Detail
Pin 1 - DIS

Programmable active discharge. This pin provides fast and slow discharge paths for the external circuit, such as an
output capacitor. It can also drive an external P-channel FET. When there is a request for a lower voltage or the USB
MD is unplugged at a high voltage, the internal active discharge switches are turned on.

Pin 2 - DRV

External circuit drive. This pin drives the external circuit, such as the optocoupler, to send out all the information for
rapid charge. The DRV pin sink current at the ON state is limited to a range such that a low-cost optocoupler can be
used.

Pin 3 - V¢

IC power supply. This pin provides the IC supply voltage.

Pin 4 - DET

AC unplug detect.

Pin 5 — Vgys

Monitor Vg voltage. Used for Vg5 switch control and output short circuit protection.
Pin 6 — Vgys ¢

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

Datasheet Rev. 1.0 13-Nov-2018
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Pin 7 - CC2
USB Type-C configuration channel pin 2. Used for MD attach/detach detection and PD communication.

Pin 8 - CC1

USB Type-C configuration channel pin 1. Used for MD attach/detach detection and PD communication
Pin 9 - IS-

Output current sensing resistor negative terminal input. See figure 3.1.

Pin 10 — IS+

Output current sensing resistor positive terminal input. See figure 3.1.

Pin 11 -SD

Shutdown Pin. Used to measure the travel adapter temperature and implement thermal protection when connected to
an external NTC resistor.

Pin 12 - D-

USB D- signal. Used for QC2.0/3.0 signal.

Pin 13 - GND

Ground

Pin 14 — D+

USB D+ signal. Used for QC2.0/3.0 signal and MD reset/unplug detection.

9.2 CC1/CC2 Attach/Detach Detection and Vg,gs Control

The Vgyg switch is off initially upon travel adapter (TA) power up. After the output voltage (and V¢ of iW657P) of the
TAreaches V¢, CC1 and CC2 are connected to a voltage source, Vges (about 4.5V), through two 56kQ resistors
(Rcet1_petacn)- The CC1 and CC2 voltages are compared with Vyy gp to detect if the mobile device (MD) or cable is
attached. The MD or cable attach will cause the CC1 and/or CC2 voltage to be lower than Vy gp. Once the MD and/or
cable attach is detected, the iIW657P will apply Iccq and lgc, on CC1 and CC2 simultaneously to determine if CC1 and
CC2 are connected to Ry (5.1kQ to GND inside MD) or R, (1kQ to GND inside cable) by comparing CC1/CC2 voltage
with Vry rp @nd Vi ga. The Vgys switch will turn on after 150ms if the following three conditions are met:

1) Vius is less than Vgaee oy
2) Ve is BV
3) Only one of CC1 and CC2 connects to Ry and the other one connects to R, or open

After the Vg switch turns on, the iW657P determines which of the two currents, I¢4 or Ioc, that was previously
applied to CC1 and CC2 respectively, was connected to R, (or open) and will turn off that current source. The remaining
lcci/ lcea current will only apply to the CC pin that connects with Rp so that it can detect when the MD detaches. If the
MD is detached, the CC1 or CC2 voltage originally connected with Rp will be higher than Vy, gp to indicate the MD is
detached. The Vgys switch will thus turn off and Vgys will be discharged through Rygys pis if Veus™Vsare ov- Rvsus pis
will disconnect after Vg s<Vsare ov OF the connect time exceeds 650ms.

At this point, the iIW1791/iW1799 and iW657P will change the output voltage (and V. of the iW657P) to the default
5V level if it is not already 5V. The current limit will be set to the default level per product options. Two 56kQ resistors
(Rec_petach) Will be reconnected to CC1/CC2 from Vgeg to start a new attach detection cycle.

9.3 Initialization and Handshaking

An AC/DC power adapter designed with the iW1791/iW1799 and the iIW657P starts up initially at its default 5V output
voltage setting. When the TA is connected to the MD and Vg switch is on, the iW657P begins the protocol detection

Datasheet Rev. 1.0 13-Nov-2018
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procedure. The iW657P 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 MD’s response in order to make a PD explicit contract. While
waiting for a response, the iIW657P starts the BC1.2 detection procedure through the D+/D- pins followed by the
QC2.0/QC3.0 detection procedure, also through the D+/D- pins. If the PD protocol is detected first, the QC2.0/QC3.0
protocol is disabled and PD is used until detach. If the QC2.0/QC3.0 protocol is detected first, the iW657P will enter
QC2.0/QC3.0 mode and meanwhile continue to send Source_Capabilities and wait for a response from the MD. If PD
is not detected after about 7.5 seconds, the iIW657P will stop sending Source_Capabilities and stay in QC2.0/QC3.0
mode. If the MD responds and makes a PD explicit contract, the iW657P will exit QC2.0/QC3.0 mode and stay in PD
mode until detach. If neither PD nor QC are detected after 7.5 seconds, the TA will disable PD detection and remain
in QC detection mode. While the TA is in QC2.0/QC3.0 mode or QC2.0/QC3.0 detection mode, if a PD Hard Reset
message is received, the iW657P will disable the Vg5 switch for 0.85 seconds and enable the Vg switch again at
the default output voltage of 5V and default current and start the PD and QC2.0/QC3.0 detection procedure again as
described previously. Figure 9.1 shows the flowchart for the attach and detection sequence for a travel adapter using
the iIWB57P.

Datasheet Rev. 1.0 13-Nov-2018
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v

Figure 9.1 : Attach and Detection Flowchart for BC1.2, USB PD 2.0/3.0 and QC2.0/3.0.

9.4 PD Mode Operation

The iW657P integrates a USB PD Biphase Mark Coding (BMC) signal transmitter/receiver and can communicate with
the MD directly through the CC1/CC2 pin. It supports both PD2.0 and PD3.0 protocol. The iW657P uses the PD3.0
protocol if the MD is equipped with PD3.0. It will automatically change to use PD2.0 protocol if the MD connected
only supports the PD2.0 protocol. The iW657P supports up to 7 Power Data Objects (PDOs). The power negotiation

Datasheet Rev. 1.0 13-Nov-2018
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process starts with the iIW657P sending it's Source_Capabilities with all the PDOs it supports. The MD evaluates the
received PDOs and requests one of the PDOs. If the request is valid, the iW657P will send a signal to the primary
side to change the output voltage and output current limit to the requested value. The iIW657P has a built-in encoder
to generate the different pulse patterns and to drive the internal switch of the DRV pin so that the voltage information
together with the associated current limit setting can be sent to the primary side through an optocoupler. The iIW657P
will inform the MD when the TA's voltage and current reach the requested level.

The iW657P also supports direct charge (Vg g connects to the MD battery through a switch instead of through a

buck converter) operation with the MD through Programmable Power Supply (PPS) Augmented Power Data Objects
(APDOQO). The MD can make a contract with the iW657P at the APDO through standard power negotiation process.
When the MD and TA are contracted with APDO, the MD can request any voltage within the APDO voltage range

in 20mV steps. The MD can also request any TA output current within the APDO current range in 50mA steps. The
internal ADC of the iIW657P measures Vgs, lgys, and TA temperature. This information is saved in the iW657P’s
internal registers and can be read by the MD through PD PPS_Status and Status messages. The iW657P also
integrates a proprietary AC unplug detection function for direct charge. The DET pin connects to the secondary

SR MOSFET gate or drain pin, allowing the flyback converter switching to be detected by the iW657P. When AC is
unplugged, the flyback and SR controller converter will stop switching. Once the iIW657P fails to detect a switching
waveform for more than Tper ofs, the IW657P will turn off the Vg5 switch and remove CC1/CC2 pin current so the MD
can exit direct charge mode. It can prevent Vs from going to 5V after AC unplug and plug in again immediately when
Vpgys is still connected directly to the MD’s battery.

Besides standard USB PD messages, the iW657P also supports Vendor Defined Messages (VDM). Please contact
Dialog for detailed VDM information.

The primary side current sensing resistor Rg is calculated by

R = 0.4 x kcc DEFAULT X NPS
s XMy

Lopranr (9.1)

Nps is flyback converter transformer primary winding to secondary winding turns ratio. ny is the transformer conversion
efficiency and Ipgrauct is the default TA current setting (typically 3A). The kec@lpgrauct term is set by the iW657P.

Some of the USB PD features are not supported by iW657P:

e USB Type-C Alternate mode

e USB Type-C Audio Adapter and Debug Accessary mode
e USB PD BFSK communication through Vg;g

e USB PD Dynamic Power Capability

e USB PD Peak Current Operation

e USB PD Power Role Swap and Fast role Swap

9.5 Vconn Support and Cable Reading

The USB PD specification supports TA current up to 5A. However, standard USB Type-C™ cables have a maximum
current rating of 3A. If the TA has a PDO/APDO current higher than 3A, it needs to ensure that the cable used has

a current rating higher than 3A. USB PD requires use of either a captive cable or an Electronically Marked Cable for

> 3A applications. The iW657P provides an optional Vony and cable reading feature to work with EMC. When this
feature is enabled, after cable plug in is detected and the TA turns on the output voltage to 5V, the iW657P will con-
nect the Vqonn terminal (the CC1 or CC2 terminal that is not used as PD communication channel) to V¢, which is set
to 5V. The Vonn Voltage source provides the external power supply to the EMC internal circuit. After the Vony Voltage
turns on for 60ms, the iIW657P will send a PD Discover_ldentity message to the EMC to read the EMC current rating.
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The iW657P will turn off the internal Vony SWitch and start sending out Source_Capabilities after the cable reading.
If no response from the cable is received or the cable current rating is 3A, the iW657P will limit its PDO current to 3A
maximum. The iW657P will turn on Voyy @nd cable reading again after plug-in and Hard Reset.

9.6 QC Mode Operation

After initialization and handshaking with the MD, if there is a D+/D- combination change and the D+/D- voltage combi-
nation is a valid QC2.0/3.0 request and passes the 40ms deglitch filter, the iW657P enters QC2.0/3.0 mode.

The iW657P interprets the D+/D- combination according to the QC2.0/3.0 specification. The interpretation of the
D+/D-combination and voltage requests are listed in Table 9.1.

Please note that a voltage at D+ or D- is detected as:
a) 0V, if it is lower than Vpar ger;
b) 0.6V, if it is between Vpar rer @and Vsg, ger;

c) 3.3V, if it is higher than Vgg_ger.

D+ D- Vour
0.6V 0.6V 12V
3.3V 0.6V 9V
0.6V 3.3V Enters continuous mode
0.6V ov 5V
All other combinations Stays unchanged

Table 9.1: D+/D- Signals and Adapter Voyr (aka Vgys, Vec)

The iIW657P has a built-in encoder to generate different pulse patterns and to drive the internal switch of the DRV
pin so that the voltage information together with the associated current limit setting can be sent to the primary side
through an optocoupler.

9.7 Programmable Active Discharge

Discharge of the output capacitor is necessary for a quick voltage transition from a higher level to a lower level when a
lower voltage is requested. An internal switch between the DIS pin and GND pin is turned on to provide a current path

from the output voltage through an external resistor to ground. The discharging time is programmable with the external
resistor. A resistance of 47Q or higher is recommended for the external resistor to prevent over-current or over-heating
inside the IC.

If the application uses a larger output capacitor or requires faster discharging, an external P-channel FET can be used
and the iW657P DIS pin can be used to drive the FET. When the MD is unplugged, the iIW657P resets to its initial
setting. The active fast discharge starts after a confirmed lower voltage request or after the 40ms de-glitch of the D+
voltage drop; it stops when the active discharge threshold of the target voltage is reached or a 200ms timer (including
de-glitch time) expires to avoid excess load current and high power dissipation inside the IC. After the active fast
discharge stops, a slow discharge path continues to discharge the output capacitor until the 200ms timer expires.

9.8 Vgys Monitoring

In addition to encoding and transmitting the output voltage and current request, the iW657P monitors Vg g for both
under-voltage and over-voltage. The Vg, under-voltage, or voltage undershoot, is usually caused by a sudden load
current increase. The iIW657P also monitors the Vg5 over-voltage, especially the over-voltage caused by a potential
output voltage setting mismatch between the iW1791/iwW1799 and the iW657P.
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When a load transient event from light load to heavy load occurs, the output voltage droops. If the output voltage
droops to the voltage undershoot threshold, the iW657P turns on the LED of the optocoupler by controlling the DRV
pin sink current, and the DLNK pin of the iW1791/iW1799 is pulled down by the transistor of the optocoupler. After
the primary-side controller receives this DLNK pin signal, it can intelligently confirm if this signal is caused by an
undershoot event and distinguish it from a voltage and current request, and then it promptly increases the switching
frequency and tyy to deliver more power to the secondary in order to bring the output voltage back into regulation.
The undershoot detection signal of the iW657P is backward compatible with Dialog’s secondary-side voltage position
monitor, the iW628.

While the iW1791/iW1799 can protect against Vg5 over-voltage through the Vgeyse Signal in most condtions, it is
difficult for the iW1791/iW1799 to protect against over-voltage caused by output voltage setting mismatch between the
primary-side controller and the iW657P. Therefore, the iW657P, iW1791/iwW657P or iW1799/iW657P chipset adds one
more layer of OVP. When Vg rises above the over-voltage threshold of the iW657P’s present setting, the iW657P
drives the DRV pin in a special switching pattern serving as an OVP signal and turns on both the fast and slow
discharge. After the iW1791/iW1799 receives this OVP signal, it shuts down the power supply promptly.

Therefore, the iIW657P uses proprietary digital communication to transmit to the primary-side controller all the
necessary information for a high-performance rapid-charge AC/DC system design including output voltage requests,
output current limits, output voltage undershoot and output over-voltage all via a single optocoupler.

9.9 Internal and External OTP

The iW657P has two sources for over temperature protection (OTP). One is from the IC’s internal junction
temperature. The other is from an external NTC resistor connected to the SD pin. The SD pin can provide an external
OTP function when an NTC resistor is connected between SD and GND. An internal Igp current flows though the NTC
resistor and the voltage Vgp on the SD pin is measured by the internal ADC. To reduce power loss, the iW657P sends
a 650us current pulse every 20ms. To ensure that Vg is within the ADC effective sensing range (about 1.23V) with
wide NTC resistor value variation, the iW657P sends out the highest current (100uA) first and reduces to the next
lower current level (40uA, 20pA, 5pA) until Vgp is less than 1.23V. The iW657P determines the NTC resistor Rgp value
by calculating Vgp/lsp. The NTC temperature Tgp is calculated by:

T = !

SD

1 1 R

e n ( 5D )] (9.2)
298.15 B R25

B is material factor and R25 is the resistance of the NTC device at 25°C temperature. The iW657P monitors the NTC
temperature before turn-on of the Vg g switch. The Vg switch will not turn on if the NTC temperature is higher than
Tsp st After Vgys turns on, the iW657P will compare the NTC temperature with Tgp o7p. If the NTC temperature is
higher than Tsp orp, the iIW657P will turn off the Vg5 switch and send a fault signal through DLNK to the primary-side
controller to shut down the power converter. The B value, R25 and Tgp orp are factory programmed. Please contact
Dialog for other NTC and Tgp orp configurations. -

The iW657P monitors the IC’s junction temperature after cable plug in and compares it with T, g1 before the Vs
switch is enabled and T, orp after the Vgyg switch is on. The Vgyg switch will not turn on if the IC junction temperature
is higher than T, gr. After the Vg s switch turns on, if the IC junction temperature is higher than T, orp, the iIW657P will
turn off the Vgyg switch and send a fault signal through DLNK to the primary-side controller to shut down the power
converter. The iW657P does not monitor the IC junction temperature if unplugged.

The iW657P will send out a PD Alert message if the NTC temperature increases to within 5°C of the Tgp orp threshold,
or if the IC junction temperature (T,) increases to within 5°C of the T, orp threshold. This allows the MD to reduce its
power consumption and avoid the TA from entering over-temperature protection (OTP).
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9.10 Vgys Switch Output Short Protection

After the MD is attached to a Type-C connector, the iW657P will turn on the Vgyg NFET switch after 150ms. If the Vgys
switch turns on into an output short, the output capacitor discharge current may exceed the NFET’s maximum current
limit and damage the NFET. The iW657P implements a soft-start scheme to ensure the output current rises slowly
while the output capacitor discharges. The output short is detected when Vg5 discharges below a threshold (V¢ ow)
lower than the normal Vor minimum voltage at full load. The iW657P will turn-off the Vg g switch immediately to
limit the output current. The iIW657P will initiate the Vg switch soft-start and turn-off process every 2s if output short
persists.

During normal operation when the MD is connected and the Vg g switch is fully on, the voltage drop across V¢ and
Vaus (Veus switch Rpgon) IR drop) is monitored and compared with Vge. An output short during normal operation will
cause V¢ - Vgus > Vogp and iW657P will turn-off the Vg switch immediately. The iW657P will initiate the Vg5 switch
soft-start and turn-off process every 2s if the output short persists.

9.11 Output Cable Soft Short Detection

The iW657P features D+/D- overvoltage protection (OVP), which addresses soft short issues in the output cables and
connectors and provides protection against damages. If the voltage on the D+ or D- pin is above 4.5V, the D+/D- OVP
fault is triggered. The CC1 and CC2 voltages are also monitored after IC power up. If the voltage on the CC1 or CC2
pin is above 6.8V, the CC1/CC2 OVP fault is triggered.

When the iW657P detects a D+/D-/CC1/CC2 OVP the Vg,g switch and the CC1/CC2 current source are disabled.
Then the iIW657P will wait for 2 seconds to restart attach detection after no fault is detected.
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12 Top Marking

PP: Product Option Code: Alphanumeric (unique)

XX: Lot Identification Code: Numeric or Alphanumeric (unique)
P P X X A: Assembly Location Code

R: Product Revision

YY: Year

A R WW: Work Week
YYWW

Pin 1 marking

Note 1: Font size and text alignment may vary by assembly supplier.

Figure 12.1 : Top Marking for iW657P
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Disclaimer

Information in this document is believed to be accurate and reliable. However, Dialog Semiconductor does not give any representations or
warranties, expressed or implied, as to the accuracy or completeness of such information. Dialog Semiconductor furthermore takes no responsibility
whatsoever for the content in this document if provided by any information source outside of Dialog Semiconductor.

Dialog Semiconductor reserves the right to change without notice the information published in this document, including without limitation the
specification and the design of the related semiconductor products, software and applications.

Applications, software, and semiconductor products described in this document are for illustrative purposes only. Dialog Semiconductor makes no
representation or warranty that such applications, software and semiconductor products will be suitable for the specified use without further testing
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excludes all liability in this respect.
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