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A bit of Dbackground ...

Circa 201 European Union MOU for USB Mo

Circa 2012; Multiple cell phone manufacturers delivering USB MiBro
charging based on Battery Charging Specification, Revision 1.2

la !'{. FTYR ./ W
deliver fast enough charging,
many OEMSs incorporated
proprietary alternatives into

their products

Circa 201% 2016

Safe interoperability across all brands only assured when using USB standards
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‘W‘ USB Developer Days — October 24 - 25, 2017 USB Implementers Forum © 2017




The USB answer | S

Circa 201% 2016

| Safe and adaptable
Circa 2017 USB Typ& & charging based on

USB Power Delivery an open standard

SUPFRSPEED+.

USB Developer Days — October 24 - 25, 2017 USB Implementers Forum © 2017




Delivering Power versus Charging

Powering devices while in use Charging device battery for subsequent use
Key Characteristics Key Characteristics
Fixed voltage Variable voltage & current
Stable current supply Rate of charge
Dynamic loads Thermal constraints

_Observation: many products that consume (Sink) large amounts of power often
R2y Qi LINRPOARS 0{ 2 dzNOSassic exaig & a hoeBodkyPT &
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AOpen Standards
AOpen ecosystem for theonnectors anaables
ACommon language / protocol for establishing power

Key Guiding Principles for USB Charging
Alnteroperable Ecosystem

* CERTIFIED
ACompliance programs/international ITLs (test labs) USBW

enable broad access to product certification and CHARGER45W
logo program
Al K NBSNJ [ 232 (G2 SyKIyOS dzaSNXa SELIS
charging initiatives (i.d?DPratingsA PowerRules)
ASafe Operation
A Consistent voltage / current ratings for all cables and connectors
ARigorous multexchange protocol to protect against power agreement errors
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USB-IF / IEC Relationship

> Forgot my password

A USBIF and IEC have been working
together since 2013

A Cooperation supports global recognition
and adoption of USB technologies in
international and regional standards (IEC,
ITUT, regional SDOs, etc.) and regulatory
policies

mylEC & | Subscribe J Sitemap ‘ FAQs ‘ Contact us

® = International Standards and Conformity Assessment for-lil:'
electrical, electronic and related technologies B

New generation of smart charging for portable Find out more

consumer devices

const - ccomons A |EC 63002
The IEC enables a smart charging solution that allows chargers to be re-used for many different

portable consumer devices W IEC 62680-2-1

Geneva, Switzerland, 15 December 2016 — The amount of global e-waste — discarded electrical W IEC 63002

A Mobile charging interoperability approach
i w1 ¥ o paesRR S0 T AR D v o s | ISIIAN based on USB Tyjfe and USB PD

study conducted by a partnership of United Nations organizations, industry, governments and

scientists. .
IEC 62680 series
< . . y Gabriela Ehrlich
In an effort to increase consumer convenience and reduce e-waste, the IEC is now enabling a Tel: +41 22 919 02 78
smart charging solution that allows chargers to be re-used for many different consumer portable Mob: +41 79 600 56 72

devices. The IEC has published new International Charging Interoperability Standards that open
the way for a new generation of smart and eco-friendly charging solutions that can be used in
every country in the world.

Email: [=7] Gabriela Ehriich
Skype: gabriela.ehrlich

A USB 2.0, USB MieR) and USB BC 1.2

News release 2016-35 A USB 31’ USB Tyg‘e and USB PD

A IEC 62684

A Mobile phone interoperability with
legacy USB technologies (developed by
CENELEC to support EU standardization

Chargers for products ranging from smartphones to
high power devices such as notebook computers, will
not only be compatible with the same types of
devices from different manufacturers, they will also be
able to charge a wide range of other Kinds of
electronics. Consumers will be able to use their
notebook charger to charge a tablet or a smartphone
or any other portable consumer electronic device.
Likewise, if need be, a smariphone or tablet charger |}
can be used to give a boost to @ notebook, albeit at a

shrwer rate. mandate)
SUPERSPEED + smart charging approach relies on a standardized charging interface defined by the
— 2w |EC International Standards:
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Foundation for a Safe Interoperable
Charging Ecosystem

A Safe and Predictable
User Experience

AUSB is synonymous with a good
user experience i

)

substitute for having proper safety [ &
and other regulatory certifications / g
as required by country /"

ACharging function has to be safe i,«f/ g
for the user and the products I§ R
I§§/] |°¢g
e [ §8 ¥

AUSB Certification is not a N
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USB Power Delivery is Robust and Inherently Safe

ARobustness
A Fully defined messageased protocol
A Extensive error (CRC) checking on all messagssed on CRC failure
A Message ID to guard against lost or duplicated messages
A Dedicated connection on USB Type simple baseéband 300 Kbps signaling

A Safety

A Double handshake power contract protocol
A Voltageor current isnot changed until both sides explicitly agree
A Start and finish of voltagansitions aremarked bymessaging

A Detailedpower transition specificatio(voltage overshogtcurrent inrush, etc.)

A Resetmechanisms oerrors
A Voltage returns bacto 5 V before any renegotiation for higher voltage

AUSB Typé¢ NI OS L¥BUs@®Z t6R WAuatil tidere is a confirmeeind-to-end connection
A Returns back to 0 ¥n adisconnection

Using arobust & inherently safstandard avoidsnteroperability & safety issues
that havebeen experienced witlmismatched proprietary protocols

SUPERSPEED + .
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Almplementation Choices and
Recommendations

Topic Agenda
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USB Type-C Power Choices

AAIl solutions required to support Default USB Power appropriate to
product¢ as defined by USB 2.0 and USB 3.2

Mode of Operation Nominal Voltage Maximum Current Maximum Power
USB PD Configurable 5A 100 W
f CERTIFIED
USB Typ& Current @ 3.0 A 5V 3.0 A 15 W USB
USB Typ<€ Current @ 1.5 A 5V 1.5A 75W CHARGER45W
' USB B@.2 5V . Uptol5A 7.5 W
USES 2 ey 900 mA (x1) 4.5 W
Default USB | 1,500 mA (x2) 7.5 W
Power
USB 2.0 5V 500 mA 2.5 W
All USBIypeCchargers offer at least USB Type / dzZNNBYy G X mdp ! gAOK 5b
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Default USB Power

ATraditional USB power as dictated by USB Base Specifications

APower available from the port follows USB rules for unconfigured, low and
high power, and suspend device states

ANot intended as a Source for Battery Charging

Mode of Operation Nominal Voltage Maximum Current Maximum Power
USE3.2 5 v/ 900mA (x1) 4.5 W
Default USB | 1,500 mA (x2) 7.5 W
Power
USB 2.0 oV 500 mA 2.5 W
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USB Type-C Current

ASimple way to advertise current @ 5 V for charging applications
A15A (7.5W)and 3A (15W)

ARepIaces USB Battery Charging 1.2 ? CERTIFIED
A Simpler access to assured current

AUSB PD functionality not required us b

AUSB Typ€ Charger Certification available CHARGER 15W

Mode of Operation Nominal Voltage Maximum Current Maximum Power
USB Typ«€ Current @ 3.0 A 5V 3.0A 15 W
USB Typ«€ Current @ 1.5 A 5V 1.5A 7.5W
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USB Power Delivery

AProvides a comprehensive protocol to manage power
AExchange of characteristics and operating state between Source and Sink
AContractbased configurations

A Fixed Voltage

A Programmable Power Supply (PPS) % CERTIFIED
AMore power in a robust and safe way us
AUSB Typ€ Charger Certification available ™

CHARGER45W

Mode of Operation Nominal Voltage Maximum Current Maximum Power

USB PD Configurable 5A 100 W
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USB PD Power Rules — Objectives

ASource power rules intend to:

AEnsure the PD Power (PDP) capability rating of ar
adapter explicitly defines the set of voltages and
currents at each voltage the adapter supports

AEnsure that adapters with a large PDP are always
capable of providing the power to devices designed
for use with adapters with a smaller PDP

AEnable an ecosystem of adapters that are interoperable with the
broadest range of devices in the ecosystem

AMaximize 3 A cable utilization
ASink designs simplified

ASource PDOs/APDOs provides menu for Sink to select from
A Sink not required to use higher voltages than it needs

CERTIFIED
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USB PD — Minimum Source Capabillities based on PL

5V Fixed | 9V Fixed | 15V Fixed | 20V Fixed | 2V Prog | 3V Prog | 15V Prog | 20V Prog
(3-6V) (3-11V) (3-16V) (3-21V)
With 3 A cables
O<PDPX wmpl PDP 5 PDP. 5
15<PDPK H T 23A PDP- 9 3A PDP- 9
27 <PDPX np 23A 3A PDP- 15 Note 1 3A PDP- 15
45<PDPK c¢cn 23A 3A 3A PDP- 20 Note 1 3A 3A PDP- 20
Requires 5 A cables
60 <PDPX ™M n 3A 3A 3A PDP- 20 Note 1 3A 3A PDP- 20
\§ AN J
Y Y
Fixed Voltage Source Programmable Power Supply (PPS)

ERSPEED

'—\ 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 £

ERSPEED

'—\ Note 1:5V Prog range is coverdég 9V Prog
‘—- USB Developer Days —

Sinks thatregulate inputfrom Source

October 24 — 25, 2017

5V Fixed | 9V Fixed | 15V Fixed | 20V Fixed 5(;’_"6’3;‘5 ??"’_':;‘:g 1(";"_’ ;’3;3 2(2‘_’ ;r\‘,’f
With 3 A cables
O<PDPX wmpl PDP 5 PDP. 5
15<PDPK H T 23A PDP- 9 3A PDP- 9
27 <PDPK np 23A 3A PDP- 15 Note 1 3A PDP- 15
45<PDPKX cn 23A 3A 3A PDP- 20 Note 1 3A 3A PDP- 20
Requires 5 A cables
60 <PDPK M n 3A 3A 3A PDP- 20 Note 1 3A 3A PDP- 20
& VAN J
Y Y

Sinks thatdirect inputfrom Source
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USB Type-C Connector and Cable Current Rating

AConnector is designed/specified to support up to 5 A
A Safety compliance allows for up to 3D temp rise at the maximum rated current

A Critical tradeoff of copper content and thermal conductivity versus spring force and
spring force retention

A As thermal conductivity increases, the spring force / retention capability decreases

A Materials with a conductivity [IACS] of 90% are not capable of meeting the LLCR (low level
contact resistance) requirement after the maximum durability cycles

A HVM variation across suppliers consumes what little margin is left

A Over current results in potentially unsafe temperature rise and reduced insertion/
withdrawal cycle life

AIR drop in USB cables creates a DC voltage offset on the ground return

AUSB 2.0 and USB PD communications are DC coupled and designed to tiplévate
250mV groundshift

A Groundoffsetgreater than spec cadisrupt/breakUSB 2.0 and USB PD
communications

SUPERSPEED + .
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High-Efficiency Fixed Voltage Scaler Concept

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

AOne solution is to insert a higdfficiency £98%) fixedroltagedivider between
the USB Typ€ receptacle on the device and the battery charger circuitry

Charger 9V Prog Device
3¢l1V 1.5¢55V
PPS Voltage Charge
eSS . >
sSource 20mVsteps 2 10mV steps| Clrcuitry |
3A 6 A 1_

QUSB
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Voltage Scaling in Sinks used with PPS

5V Prog 9V Prog 15V Prog 20V Prog
Availablevoltage for request 3¢59V 3¢l1V 3¢cleV 3¢21V
Adjusted for supplyolerance* 3.2¢5.6V 3.2¢10.4V 3.2¢ 15.2V 3.2¢ 19V
IRdrop allowed across cable 0.75V 0.75V 0.75V 0.75V
Voltage at device input 24c4.8V 2.4¢9.7V 24¢l14.4V 2.4¢18.2V
Available current oveall
certifiedUSB Typ€ cables 0c3A 0c3A 0c3A Oc3A
Scaler in device Divide by 2 Divide by 3 Divide by 4
Adjustedvoltage range N/A 1.2¢ 4.8V 0.8¢c4.8V 0.6¢4.8V
Effective current range Oc6 A Oc9A Ocl2 A

*wlk y3S yIENNRGGSR bp:

SUPERSPEED + .
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Example: Single Lithium Cell Phone

AFor a given current required at thmttery terminalsusing a 3 A cable,
what PDP charger and PPS w/scaler is required?

PDP (W)
50

45
| b

40 (0%
35 A5 )
30 Y
2(5) o P1% |
15
10 N ?(0%

5

0

0 1 2 3 4 5 6 7 8 9 10
Current (A) at battery input

SUPERSPEED +
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Design for Best User Experience

ASinks should work with lower power and/or less capable Sources
AUsers expect some level of charging as opposed to not charging at all

7.5 W PDP:
AUSB Typ€ Current @ 1.5 A

5V Fixed and
9V Prog up

03 A 15 W PDP:

AUSB Typ€ Current @ 3 A
AUSB PD 5V Fixed @ 3 A

27 W PDP w/PPS:
AUSB Typ€ Current @ 3 A
AUSB PD 5V and 9V Fixed @ 3 A
AUSB PD 9V Prog @ 3 A
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USB Type-C Multi-Port Chargers

ATwo categories of charger ports

A Assured Capacity Ports
A Each port is able to deliver its rated/labeled power capacity independent of all other ports
A Shared Capacity Ports

A Each 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

A The total available power capacity of the group of ports is indicated to the user and all ports in
the group arecapableof delivering to the same power rating

Example of an Assured Capacity Charg — £ —7) | Example of a Shared Capacity Charger
that has a total capability of 60 W an % that has a total capability of 60 W and
a USB Charger certification of 30 a USB Charger certification of 27 W
& &

15 W 27 W
CERTIFIED CERTIFIED
USB | = e UsB
CHARGER 30W \_ 15W \ 27W — CHARGER 27W

SUPERSPEED +
S USE>
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Multi-Port Chargers — General Requirements

AAIl Source ports must comply with USB Fgpand USB PD specs

AThe minimum capability for each individual portis5V @ 1.5 A
AlIndependent of how many of the other ports are in use

APort labeling rules defined by the USB
ASeparate Assured and Shared port groupings allowed

AWhen a multiport charger also includes USB Standarports:

AThe USB Standa#l ports are implemented as an independent group,
l.e. not using part of a shared capacity supply

AThe minimum for each USB Stand&gbort is 5V @ 500 mA
A Independent of how many of the other ports arelise

QUSB
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Assured Capacity Chargers — RequiredBehaviors

AAIl Assured Capacity ports are, by design, independent and
unaffected by the status and loading of the other ports

AException allowed if need to take action to meet overall operational safety
requirements

ASimplest solution for users but comes at a higher cost

r
This port is assured to supply 30AV
30 W
: : — By design, this charger has
This port is assured to supply 15AV a total of 60 W of capacity
This port is assured to supply 15AV| &2

QUSB
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Shared Capacity Chargers — RequiredBehaviors

AAIl Shared Capacity ports in a given group have the same power
capabilities
ACorollary to this rule: As Shared Capacity ports are connected, the remaining

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

27 W capablep ( ] 24 W attachedy g o 24 W attachedy %
27 WcapableA 60 W 27 WcapableA 60 15 W attacheda2 |
27 WcapableA 27 WcapableA 21 W capableA
\ 27W \ 27W \ 27 W
60¢ 24 = 36 W remaining 36¢ 15 =21 W remaining
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Shared Capacity Chargers — Soft Start Policy

AShared Capacity ports should consider usisgfastart policyfor
establishing optimum power balancing

AMake the initial offer at attach a minimum offer

AThen determine from Sink what it prefers to get

A USB PD protocol allows for a Sink to respond with a Capabilities Mismatch to indicate
that it needs more power

A{ 2dzNDOS Yl & NBIdzSald GKS {Ay1Qa OF LI oAt AGA
be functional
ALYONBI &S Ay | &adzaSldsSyad 2FFSNI Iy |
while preserving shared capacity available to the remaining ports

Soft starting aids in getting to a logical load balance across multiple ports

QUSB
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Shared Capacity Chargers — Power Rd3alancing

AShared Capacity Chargers that support peliaged power
re-balancing may include power that can be reclaimed from ports
already in use

A Adjusting Source capabilities with a reduced PDP to one or more ports
already in use

A Sinks are obligated to meegotiate when Source capabilities change

Alssuing USB RBotoMincommand to one or more ports in use
A GotoMinpower preestablished in USB PD Fixed Voltage Source contracts

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

Policybased powere-balancingshould consider providing good user experier
and preserving nominal USB functionality on impackedces

USB
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USB Hubs with Multi-Port Charger Support

AC2ff26a (UKS &arFryYS NBIldZANBYSyua I
AHas to be selpowered

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

AUpstreamfacing port power
ACan be either an Assured Capacity port or a Shared Capacity port

AShared Capacity UFP needs to be associated with a identifiable group of
Shared Capacity DFPs

A Shared Capacity UFP PDP is allowed to differ from the Shared Capacity DFPs

QUSB
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Topic Agenda
AUSB Typ€& Charger Certification
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USB Type-C Chargers

Starting with USB Typg, the ecosystem is moving toward enabling
worldwide interoperable charger standards

1. USB Typ€ and USB Power Delivery standards
A As needed, extending these to enable emerging charging techniques

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

3. USB charger compliance program and chaigpcific certification
logo
A USBIF to administer and promote worldwide recognition of the program
A Works in conjunction with the Certified USB Tgpeable ecosystem

QUSB
‘m—- USB Developer Days — October 24 — 25, 2017 USB Implementers Forum © 2017




USB Type-C Charger Certification

ABased on charger power capabilities and behaviors defined by the
USB Typ€ and USB PD specifications

ALocal safety and regulatory testing is required but are not a part of USB
certification

AUSBIF has introduced the Certified USB TpEharger Logo program

AUSB PD for Fixed Voltage Sources available now
AUSB PD for PPS Sources expected to be available November 2017

QUSB
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USB Type-C Charger Certification Logo

AUse of certification logo and USB PD icons require both passing
product certification and executing a trademark license agreement

AProduct labeling requirements and guidelines defined

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

Example for Fixed Voltage Source Example Fixed plus PPS Source
% CERTIFIED % CERTIFIED
us ™ USBTM

CHARGERA45W FAST CHARGER 45W

= UUSHB
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USB PD Charger Certification Coverage

AWhat is certified

AUSB PD functional

A Interface and protocot message content and usage
A Power supply behaviar transitions, tolerances, timing, etc.

ACharger performance using all ports
A QuadraMaxoad tester

AWhat isnot certified
ANational body safety requirementsUL, CSA, TUV, e

@“3
(A 'éNOM“' =N

e

A
-

£ ID 412N 1 D A401
. 15
Pa s

W 1QLJE 3 &N .

CT WFCQPOANNSIABRS DA

SUPERSPEED +
S USE>
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Vendor Information File (VIF)

AVIF is for determining which tests are run during compliance
A Used to verify information about the product, e.g. capabilities

AVIFs need to be filled out by very knowledgeable person

A Use the VIF generator and DO NOT edit the text output
A Only edit the text file by loading back into the VIF generator

A Incorrect VIF content will result in product failure
A Anychange to the VIF will require complete retesting

AExamples of improperly filled out VIFs
A Declared product Not Data Capable but also declared product was Host or Device
A Declared PDP did not match power offered by the PO®@ser and under
A Declared VDM version did not match product

AVIF Generator comasith an operators manuag read it and refer to it
A VIFdeliverypackage:http://www.usb.org/developers/tools/#VendorFile
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USB PD — Observed Compliance Issues

ANot setting Reserved fields to zero
AHard Reset time too short

ACheck cable before offering > 3 A
AHighfrequency test (inject square wave)

AVBusdischarge in responseto a HRésetl A YS R2Say Qi YdSd N
ALL voltages

APort does not do proper collision detectigrsends Good CRC even though the
bus is not idle

Alncorrectresponse to messade.g.,request to Source Caps not responded to)
ANotignoring illegal comman(k.g., exitvDM that was not supported)
APortrole bit improperly set

ARevision number not properly handledJSB PD 3.0 specific
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USB PD PPS —What can go wrong?

AOutput voltage did not increment/decrement from previous value
AOutput voltage transition times not met on large voltage changes
ACurrent Limit mode not supported

AMinimum voltage

APPS Status

AOMF flag not properly set
AVoltage/Current not reported correctly

AvBusdischarge in response to Hard Reset

QUSB
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USB-IF Charging Summary

AFor legacy USB Standakdand MicreB: b

AFor interoperability, specify use oBVsper USB 2.0/USB 3.2 an No U_SB_'OQO
the Battery Charging 1.2 specifications certification

AFor norUSB proprietary methods, products need to assure sa?e program
fallback to interoperability mode when such methods fail to be| 5yailable
detected between the charger and device

~

AFor USB Typ€ connectors: 3

AFor interoperability, specify use oBVsper USB 2.0/USB 3.2 spdcsUSB Typ&
AFor higher current 5 V charging, specify 1.5 A/3.0 A modes of y%arger logo

TypeC specification certification
AFor higher power needs, specify use of USB Power Delivery program
specification J
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Q&A

SUPERSPEED + .
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Consumer and Environmental Benefits

AUSBstandardsbasedcharging is open and royalfyee
AUser can chose faster charging or smaller charger

AUser can use a single charger for multiple products in different

product categories
APC charger can be used for phone charger (and vice versa)
ACharging hubs will be common

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

AReduces the number of chargers discarded into landfill and
Introduced Into the ecosystem
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