
USB Developer Days – October 24 – 25, 2017 USB Implementers Forum © 2017

USB Type-C™ Charging
Brad Saunders –Intel Corporation

Bob Dunstan –Renesas Corporation

USB Developer Days 2017

Taipei, Taiwan

October 24 ς25, 2017

1

Welcoming Slideshow 1.ppsx
Welcoming Slideshow 1.ppsx


USB Developer Days – October 24 – 25, 2017 USB Implementers Forum © 2017

Topic Agenda

ÅIntroduction

ÅImplementation Choices and 
Recommendations

ÅUSB Type-C Charger Certification
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A bit of background … cell phone charging
Circa 2010 ςEuropean Union MOU for USB Micro-B

Circa 2012 ςMultiple cell phone manufacturers delivering USB Micro-B 
charging based on Battery Charging Specification, Revision 1.2

Circa 2013 ς2016
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Chaos

!ǎ ¦{. ŀƴŘ ./ мΦн ŘƛŘƴΩǘ 
deliver fast enough charging, 
many OEMs incorporated 
proprietary alternatives into 
their products

Safe interoperability across all brands only assured when using USB standards 
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The USB answer is …

Circa 2013 ς2016 

Circa 2017
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Chaos

Safe and adaptable 
charging based on 
an open standard

USB Type-C  & 
USB Power Delivery
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Delivering Power versus Charging

5

Powering devices while in use Charging device battery for subsequent use

Delivering Power Charging

Key Characteristics
Variable voltage & current

Rate of charge
Thermal constraints

Key Characteristics
Fixed voltage

Stable current supply
Dynamic loads

Observation: many products that consume (Sink) large amounts of power often 
ŘƻƴΩǘ ǇǊƻǾƛŘŜ ό{ƻǳǊŎŜύ ƭŀǊƎŜ ŀƳƻǳƴǘǎ ƻŦ ǇƻǿŜǊ ςclassic example is a notebook PC
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Key Guiding Principles for USB Charging

ÅOpen Standards
ÅOpen ecosystem for the connectors and cables

ÅCommon language / protocol for establishing power

ÅInteroperable Ecosystem 
ÅCompliance programs/international ITLs (test labs) 

enable broad access to product certification and 
logo program

Å/ƘŀǊƎŜǊ [ƻƎƻ ǘƻ ŜƴƘŀƴŎŜ ǳǎŜǊΩǎ ŜȄǇŜǊƛŜƴŎŜ ŦƻǊ ǳƴƛǾŜǊǎŀƭ 
charging initiatives (i.e. PDP ratings Ą Power Rules)

ÅSafe Operation
ÅConsistent voltage / current ratings for all cables and connectors

ÅRigorous multi-exchange protocol to protect against power agreement errors
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USB-IF / IEC Relationship ÅUSB-IF and IEC have been working 
together since 2013

ÅCooperation supports global recognition 
and adoption of USB technologies in 
international and regional standards (IEC, 
ITU-T, regional SDOs, etc.) and regulatory 
policies

ÅIEC 63002 

ÅMobile charging interoperability approach 
based on USB Type-C and USB PD

ÅIEC 62680 series

ÅUSB 2.0, USB Micro-B, and USB BC 1.2

ÅUSB 3.1, USB Type-C, and USB PD

ÅIEC 62684

ÅMobile phone interoperability with
legacy USB technologies (developed by 
CENELEC to support EU standardization 
mandate)
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Foundation for a Safe Interoperable 
Charging Ecosystem

ÅUSB is synonymous with a good 
user experience

ÅCharging function has to be safe 
for the user and the products

ÅUSB Certification is not a 
substitute for having proper safety 
and other regulatory certifications 
as required by country

8

U
S

B
 

S
ta

n
d

a
rd

s



USB Developer Days – October 24 – 25, 2017 USB Implementers Forum © 2017

USB Power Delivery is Robust and Inherently Safe
ÅRobustness
ÅFully defined message-based protocol
ÅExtensive error (CRC) checking on all messages ςretried on CRC failure
ÅMessage ID to guard against lost or duplicated messages
ÅDedicated connection on USB Type-C ςsimple base-band 300 Kbps signaling

ÅSafety
ÅDouble handshake power contract protocol

ÅVoltage or current is not changed until both sides explicitly agree

ÅStart and finish of voltage transitions are marked by messaging

ÅDetailed power transition specification (voltage overshoot, current in-rush, etc.)
ÅReset mechanisms on errors

ÅVoltage returns back to 5 V before any renegotiation for higher voltage

ÅUSB Type-/ ǊŜŎŜǇǘŀŎƭŜ ƛǎ άVBUSŎƻƭŘέ ς0 V until there is a confirmed end-to-end connection
ÅReturns back to 0 V on a disconnection
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Using a robust & inherently safe standard avoids interoperability & safety issues
that have been experienced with mismatched proprietary protocols
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ÅUSB Type-C Charger Certification
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USB Type-C Power Choices

ÅAll solutions required to support Default USB Power appropriate to 
product ςas defined by USB 2.0 and USB 3.2

Mode of Operation Nominal Voltage Maximum Current Maximum Power

USB PD Configurable 5 A 100 W

USB Type-C Current @ 3.0 A 5 V 3.0 A 15 W

USB Type-C Current @ 1.5 A 5 V 1.5 A 7.5 W

USB BC 1.2 5 V Up to 1.5 A 7.5 W

Default USB 
Power

USB 3.2 5 V
900 mA (x1)

1,500 mA (x2)

4.5 W

7.5 W

USB 2.0 5 V 500 mA 2.5 W
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All USB Type-C chargers offer at least USB Type-/ /ǳǊǊŜƴǘ Ϫ мΦр ! ǿƛǘƘ 5Ҍκ5ҍ ǎƘƻǊǘƛƴƎ ŀǎ ƛƴ ./ мΦн
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Default USB Power
ÅTraditional USB power as dictated by USB Base Specifications
ÅPower available from the port follows USB rules for unconfigured, low and 

high power, and suspend device states

ÅNot intended as a Source for Battery Charging
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Mode of Operation Nominal Voltage Maximum Current Maximum Power

Default USB 
Power

USB 3.2 5 V
900 mA (x1)

1,500 mA (x2)

4.5 W

7.5 W

USB 2.0 5 V 500 mA 2.5 W
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USB Type-C Current
ÅSimple way to advertise current @ 5 V for charging applications
Å1.5 A (7.5 W) and 3 A (15 W)

ÅReplaces USB Battery Charging 1.2
ÅSimpler access to assured current

ÅUSB PD functionality not required

ÅUSB Type-C Charger Certification available
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Mode of Operation Nominal Voltage Maximum Current Maximum Power

USB Type-C Current @ 3.0 A 5 V 3.0 A 15 W

USB Type-C Current @ 1.5 A 5 V 1.5 A 7.5 W
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USB Power Delivery
ÅProvides a comprehensive protocol to manage power
ÅExchange of characteristics and operating state between Source and Sink

ÅContract-based configurations
ÅFixed Voltage

ÅProgrammable Power Supply (PPS)

ÅMore power in a robust and safe way

ÅUSB Type-C Charger Certification available
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Mode of Operation Nominal Voltage Maximum Current Maximum Power

USB PD Configurable 5 A 100 W
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USB PD Power Rules – Objectives
ÅSource power rules intend to:
ÅEnsure the PD Power (PDP) capability rating of an 

adapter explicitly defines the set of voltages and 
currents at each voltage the adapter supports
ÅEnsure that adapters with a large PDP are always 

capable of providing the power to devices designed 
for use with adapters with a smaller PDP
ÅEnable an ecosystem of adapters that are interoperable with the 

broadest range of devices in the ecosystem
ÅMaximize 3 A cable utilization

ÅSink designs simplified
ÅSource PDOs/APDOs provides menu for Sink to select from
ÅSink not required to use higher voltages than it needs

15
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USB PD – Minimum Source Capabilities based on PDP
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5V Fixed 9V Fixed 15V Fixed 20V Fixed 5V Prog
(3 – 6 V)

9V Prog
(3 – 11 V)

15V Prog
(3 – 16 V)

20V Prog
(3 – 21 V)

With 3 A cables

00 <PDP Җ мр ²PDP ·5 PDP ·5

15 <PDP Җ нт ²3 A PDP ·9 3 A PDP ·9

27 <PDP Җ пр ²3 A 3 A PDP ·15 Note 1 3 A PDP ·15

45 <PDP Җ сл ²3 A 3 A 3 A PDP ·20 Note 1 3 A 3 A PDP ·20

Requires 5 A cables

60 <PDP Җ млл ²3 A 3 A 3 A PDP ·20 Note 1 3 A 3 A PDP ·20

Fixed Voltage Source Programmable Power Supply (PPS)

Note 1: 5V Prog range is covered by 9V Prog
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USB PDP – Choices for Sinks

Recommend choosing PDP based on universal cable support up to 3 A
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5V Fixed 9V Fixed 15V Fixed 20V Fixed 5V Prog
(3 – 6 V)

9V Prog
(3 – 11 V)

15V Prog
(3 – 16 V)

20V Prog
(3 – 21 V)

With 3 A cables

00 <PDP Җ мр ²PDP ·5 PDP ·5

15 <PDP Җ нт ²3 A PDP ·9 3 A PDP ·9

27 <PDP Җ пр ²3 A 3 A PDP ·15 Note 1 3 A PDP ·15

45 <PDP Җ сл ²3 A 3 A 3 A PDP ·20 Note 1 3 A 3 A PDP ·20

Requires 5 A cables

60 <PDP Җ млл ²3 A 3 A 3 A PDP ·20 Note 1 3 A 3 A PDP ·20

Sinks that regulate input from Source Sinks that direct input from Source

Note 1: 5V Prog range is covered by 9V Prog
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USB Type-C Connector and Cable Current Rating
ÅConnector is designed/specified to support up to 5 A
ÅSafety compliance allows for up to 30 °C temp rise at the maximum rated current
ÅCritical tradeoff of copper content and thermal conductivity versus spring force and 

spring force retention
ÅAs thermal conductivity increases, the spring force / retention capability decreases
ÅMaterials with a conductivity [IACS] of 90% are not capable of meeting the LLCR (low level 

contact resistance) requirement after the maximum durability cycles

ÅHVM variation across suppliers consumes what little margin is left
ÅOver current results in potentially unsafe temperature rise and reduced insertion/ 

withdrawal cycle life

ÅIR drop in USB cables creates a DC voltage offset on the ground return
ÅUSB 2.0 and USB PD communications are DC coupled and designed to tolerate up to 

250 mV ground shift
ÅGround offset greater than spec can disrupt/break USB 2.0 and USB PD 

communications
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DeviceCharger

High-Efficiency Fixed Voltage Scaler Concept

ÅGiven most common cables are rated for 3 A, an alternative is needed for higher-
current, direct charge applications using PPS

ÅOne solution is to insert a high-efficiency (~98%) fixed voltage divider between 
the USB Type-C receptacle on the device and the battery charger circuitry

19

PPS 
Source

Voltage
2

Charge 
circuitry

9V Prog
3 ς11 V

20mV steps
3 A

1.5 ς5.5 V

10mV steps
6 A
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Voltage Scaling in Sinks used with PPS

5V Prog 9V Prog 15V Prog 20V Prog

Availablevoltage for request 3ς5.9 V 3 ς11 V 3 ς16 V 3 ς21 V

Adjusted for supplytolerance* 3.2 ς5.6V 3.2 ς10.4V 3.2 ς15.2V 3.2 ς19V

IRdrop allowed across cable 0.75 V 0.75 V 0.75 V 0.75 V

Voltage at device input 2.4ς4.8 V 2.4ς9.7 V 2.4ς14.4 V 2.4ς18.2 V

Available current overall
certifiedUSB Type-C cables

0 ς3 A 0 ς3 A 0 ς3 A 0 ς3 A

Scaler in device

N/A

Divide by 2 Divide by 3 Divide by 4

Adjustedvoltage range 1.2 ς4.8V 0.8 ς4.8 V 0.6 ς4.8 V

Effective current range 0 ς6 A 0ς9 A 0 ς12 A
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* wŀƴƎŜ ƴŀǊǊƻǿŜŘ Ҍр҈ ƻƴ ƭƻǿ ŜƴŘΣ ҍр҈ ƻƴ ƘƛƎƘ ŜƴŘ
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Example: Single Lithium Cell Phone 
ÅFor a given current required at the battery terminals using a 3 A cable, 

what PDP charger and PPS w/scaler is required?
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Design for Best User Experience
ÅSinks should work with lower power and/or less capable Sources
ÅUsers expect some level of charging as opposed to not charging at all
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5V Fixed and 
9V Prog up 
to 3 A

7.5 W PDP:
ÅUSB Type-C Current @ 1.5 A

15 W PDP:
ÅUSB Type-C Current @ 3 A
ÅUSB PD 5V Fixed @ 3 A

27 W PDP w/PPS:
ÅUSB Type-C Current @ 3 A
ÅUSB PD 5V and 9V Fixed @ 3 A
ÅUSB PD 9V Prog @ 3 A

5V Fixed up to 3A
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USB Type-C Multi-Port Chargers
ÅTwo categories of charger ports
ÅAssured Capacity Ports
ÅEach port is able to deliver its rated/labeled power capacity independent of all other ports

ÅShared Capacity Ports
ÅEach port is able to deliver up to its rated/labeled power capacity depending on the remaining 

available capacity that is shared by a group of multiple ports
ÅThe total available power capacity of the group of ports is indicated to the user and all ports in 

the group are capableof delivering to the same power rating
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30W

Example of an Assured Capacity Charger 
that has a total capability of 60 W and 

a USB Charger certification of 30 W

27W

Example of a Shared Capacity Charger 
that has a total capability of 60 W and 
a USB Charger certification of 27 W

30 W

15 W

15 W

27 W

27 W

27 W

60 W
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Multi-Port Chargers – General Requirements
ÅAll Source ports must comply with USB Type-C and USB PD specs

ÅThe minimum capability for each individual port is 5 V @ 1.5 A
ÅIndependent of how many of the other ports are in use

ÅPort labeling rules defined by the USB-IF
ÅSeparate Assured and Shared port groupings allowed

ÅWhen a multi-port charger also includes USB Standard-A ports:
ÅThe USB Standard-A ports are implemented as an independent group, 

i.e. not using part of a shared capacity supply

ÅThe minimum for each USB Standard-A port is 5 V @ 500 mA
ÅIndependent of how many of the other ports are in use
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Assured Capacity Chargers – RequiredBehaviors  
ÅAll Assured Capacity ports are, by design, independent and 

unaffected by the status and loading of the other ports
ÅException allowed if need to take action to meet overall operational safety 

requirements

ÅSimplest solution for users but comes at a higher cost

25

30 W

15 W

15 W

This port is assured to supply 30 W Ą

This port is assured to supply 15 W Ą

This port is assured to supply 15 W Ą

By design, this charger has 
a total of 60 W of capacity.
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Shared Capacity Chargers – RequiredBehaviors 
ÅAll Shared Capacity ports in a given group have the same power 

capabilities
ÅCorollary to this rule: As Shared Capacity ports are connected, the remaining 

ports each have the same power capabilities based on the remaining available 
power
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27 W

27 W

27 W

60 W

27 W capable Ą

27 W capable Ą

27 W capable Ą

27 W

27 W

27 W

60 W

24 W attached Ą

27 W capable Ą

27 W capable Ą

60 ς24 = 36 W remaining

27 W

27 W

27 W

60 W

24 W attached Ą

15 W attached Ą

21 W capable Ą

36 ς15 = 21 W remaining
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Shared Capacity Chargers – Soft Start Policy
ÅShared Capacity ports should consider using a soft-start policyfor 

establishing optimum power balancing
ÅMake the initial offer at attach a minimum offer

ÅThen determine from Sink what it prefers to get
ÅUSB PD protocol allows for a Sink to respond with a Capabilities Mismatch to indicate 

that it needs more power

Å{ƻǳǊŎŜ Ƴŀȅ ǊŜǉǳŜǎǘ ǘƘŜ {ƛƴƪΩǎ ŎŀǇŀōƛƭƛǘƛŜǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƳƛƴƛƳǳƳ ǘƘŀǘ ƛǘ ƴŜŜŘǎ ǘƻ 
be functional

ÅLƴŎǊŜŀǎŜ ƛƴ ŀ ǎǳōǎŜǉǳŜƴǘ ƻŦŦŜǊ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ŀƳƻǳƴǘ ǘƻ ƳŜŜǘ {ƛƴƪΩǎ ƴŜŜŘǎ 
while preserving shared capacity available to the remaining ports

27

Soft starting aids in getting to a logical load balance across multiple ports
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Shared Capacity Chargers – Power Re-Balancing
ÅShared Capacity Chargers that support policy-based power 

re-balancing may include power that can be reclaimed from ports 
already in use
ÅAdjusting Source capabilities with a reduced PDP to one or more ports 

already in use
ÅSinks are obligated to re-negotiate when Source capabilities change

ÅIssuing USB PD GotoMincommand to one or more ports in use
ÅGotoMinpower pre-established in USB PD Fixed Voltage Source contracts

ÅPolicy may also increase power to a port as it becomes available

28

Policy-based power re-balancing should consider providing good user experience 
and preserving nominal USB functionality on impacted devices
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USB Hubs with Multi-Port Charger Support
ÅCƻƭƭƻǿǎ ǘƘŜ ǎŀƳŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀǎ ǎǘŀƴŘŀƭƻƴŜ ŎƘŀǊƎŜǊǎ Ǉƭǳǎ Χ 
ÅHas to be self-powered

ÅHas to function as a charger independent of the state of the USB data bus 
connections

ÅUpstream-facing port power
ÅCan be either an Assured Capacity port or a Shared Capacity port

ÅShared Capacity UFP needs to be associated with a identifiable group of 
Shared Capacity DFPs
ÅShared Capacity UFP PDP is allowed to differ from the Shared Capacity DFPs

29
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USB Type-C Chargers
Starting with USB Type-C, the ecosystem is moving toward enabling 
worldwide interoperable charger standards

1. USB Type-C and USB Power Delivery standards
ÅAs needed, extending these to enable emerging charging techniques

2. International recognition of USB standards
ÅUSB-IF working with IEC on publishing and recommending USB specs
ÅUSB-IF strategically engaging with others as needed (China, ITU, etc.)

3. USB charger compliance program and charger-specific certification 
logo
ÅUSB-IF to administer and promote worldwide recognition of the program
ÅWorks in conjunction with the Certified USB Type-C cable ecosystem
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USB Type-C Charger Certification
ÅBased on charger power capabilities and behaviors defined by the 

USB Type-C and USB PD specifications
ÅLocal safety and regulatory testing is required but are not a part of USB 

certification

ÅUSB-IF has introduced the Certified USB Type-C Charger Logo program
ÅUSB PD for Fixed Voltage Sources available now

ÅUSB PD for PPS Sources expected to be available November 2017

32
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USB Type-C Charger Certification Logo
ÅUse of certification logo and USB PD icons require both passing 

product certification and executing a trademark license agreement
ÅProduct labeling requirements and guidelines defined

ÅDisplayed rating represents capability, independent of the regulatory 
product labeling requirements

33

Example for Fixed Voltage Source: Example Fixed plus PPS Source:
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USB PD Charger Certification Coverage
ÅWhat is certified
ÅUSB PD functional
ÅInterface and protocol ςmessage content and usage

ÅPower supply behavior ςtransitions, tolerances, timing, etc.

ÅCharger performance using all ports
ÅQuadraMaxload tester

ÅWhat is not certified
ÅNational body safety requirements ςUL, CSA, TUV, etc.

34
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Vendor Information File (VIF)
ÅVIF is for determining which tests are run during compliance
ÅUsed to verify information about the product, e.g. capabilities

ÅVIFs need to be filled out by very knowledgeable person
ÅUse the VIF generator and DO NOT edit the text output
ÅOnly edit the text file by loading back into the VIF generator

ÅIncorrect VIF content will result in product failure
ÅAnychange to the VIF will require complete retesting

ÅExamples of improperly filled out VIFs
ÅDeclared product Not Data Capable but also declared product was Host or Device
ÅDeclared PDP did not match power offered by the PDOs ςover and under
ÅDeclared VDM version did not match product

ÅVIF Generator comes with an operators manual ςread it and refer to it
ÅVIF delivery package:http://www.usb.org/developers/tools/#VendorFile

35

http://www.usb.org/developers/tools/#VendorFile
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USB PD – Observed Compliance Issues
ÅNot setting Reserved fields to zero

ÅHard Reset time too short 

ÅCheck cable before offering > 3 A

ÅHigh frequency test (inject square wave)

ÅVBUSdischarge in response to a Hard Reset ǘƛƳŜ ŘƻŜǎƴΩǘ ƳŜŜǘ ǊŜǉǳƛǊŜƳŜƴǘǎ for 
ALL voltages

ÅPort does not do proper collision detection ςsends Good CRC even though the 
bus is not idle

ÅIncorrect response to message (e.g., request to Source Caps not responded to)

ÅNot ignoring illegal command (e.g., exit VDM that was not supported)

ÅPort role bit improperly set 

ÅRevision number not properly handled ςUSB PD 3.0 specific
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USB PD PPS – What can go wrong?
ÅOutput voltage did not increment/decrement from previous value 

ÅOutput voltage transition times not met on large voltage changes

ÅCurrent Limit mode not supported

ÅMinimum voltage

ÅPPS Status
ÅOMF flag not properly set

ÅVoltage/Current not reported correctly

ÅVBUSdischarge in response to Hard Reset

37
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USB-IF Charging Summary

ÅFor legacy USB Standard-A and Micro-B:
ÅFor interoperability, specify use of VBUSper USB 2.0/USB 3.2 and 

the Battery Charging 1.2 specifications
ÅFor non-USB proprietary methods, products need to assure safe 

fallback to interoperability mode when such methods fail to be 
detected between the charger and device

ÅFor USB Type-C connectors:
ÅFor interoperability, specify use of VBUSper USB 2.0/USB 3.2 specs
ÅFor higher current 5 V charging, specify 1.5 A/3.0 A modes of USB 

Type-C specification
ÅFor higher power needs, specify use of USB Power Delivery 

specification
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No USB logo 
certification 
program 
available

USB Type-C 
Charger logo 
certification 
program 
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Q&A
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Consumer and Environmental Benefits
ÅUSB standards-basedcharging is open and royalty-free

ÅUser can chose faster charging or smaller charger

ÅUser can use a single charger for multiple products in different 
product categories
ÅPC charger can be used for phone charger (and vice versa)

ÅCharging hubs will be common

ÅUser does not need a new charger every time they buy a new product

ÅReduces the number of chargers discarded into landfill and 
introduced into the ecosystem
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