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document.
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Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

The structure and editorial rules used in this publication reflect the practice of the organization
which submitted it.

This document was developed in accordance with ISO/IEC Directives, Part 1 and ISO/IEC
Directives, IEC Supplement available at www.iec.ch/members_experts/refdocs. The main
document types developed by IEC are described in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain unchanged until the
stabilityrdate—ndicatedonmthetE€—websiteunder—webstoreecch—imthe—data—retated to the
specificldocument. At this date, the document will be
e recgnfirmed,

e withdrawn, or

e reviged.
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DISCLAIMER

The information contained herein is believed to be accurate as of the date of publication,
but is provided “as is” and may contain errors. The Wireless Power Consortium makes no
warranty, express or implied, with respect to this document and its contents, including any
warranty of title, ownership, merchantability, or fitness for a particular use or purpose.
Neither the Wireless Power Consortium, nor any member of the Wireless Power
Consortium will be liable for errors in this document or for any damages, including indirect
or consequential, from use of or reliance on the accuracy of this document. For any further
explanation of the contents of this document, or in case of any perceived inconsistency or ambiguity
of interpretation, contact: info@wirelesspowerconsortium.com.

RELEASIE HISTORY

Spetification Version Release Date Description

2.0 April 2023 Initial release of the v2.0 Qi Specification.
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1 General

1.1

The Wireless Power Consortium (WPC) is a worldwide organization that aims to develop and
promote global standards for wireless power transfer in various application areas. A first
application area comprises flat-surface devices such as mobile phones and chargers in the
Baseline Power Profile (up to 5 W) and Extended Power Profile (above 5 W).

Structure of the Qi Specification

General documents
Introduction

Glossary, Acronyms, and Symbols

System description documents
Mechanical, Thermal, and User Interface
Power Delivery
Communications Physical Layer
Communications Protocol
Foreign Object Detection
NFC Tag Protection

Authentication Protocol
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1.2 Scope

The Qi Specification, Power Delivery (this document) comprises guidelines and requirements for
Power Receiver design, including circuitry, power consumption, operating power levels, power
transfer efficiency, and standby power.

1.3 Compliance

Al nravicioncintho O CoprifFaating avamandataryg ynloce cnaeif ol indicatnd Ac raenng vlended
T provSTORS Rt opeecatoiar e ahta oy eSS Speciitany HhatreatteaasTecoyl )

pptional, note, example, or informative. Verbal expression of provisions in this Specifieation follow
the rules provided in ISO/IEC Directives, Part 2.

Table 1: Verbal forms for expressions of provisions

Provision Verbal form
requirement “shall” or “shall not”
recommendation “should” or “should not”
permission “may” or “may not”
capability “can” or “cannot”

1.4 References

For undated references, the most recently published document applies. The most recent WPC
publications can be downloaded frem http://www.wirelesspowerconsortium.com.
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1.5 Conventions

1.5.1 Notation of numbers

Real numbers use the digits 0 to 9, a decimal point, and optionally an exponential part.
Integer numbers in decimal notation use the digits 0 to 9.

Integer numbers in hexadecimal notation use the hexadecimal digits 0 to 9 and A to F, and are
prefixed by "0x" unless explicitly indicated otherwise.

Single bit values use the words ZERO and ONE.

1.5.2 [Tolerances

Unless indicated otherwise, all numeric values in the Qi Specification areexactly as specifief and do
not have any implied tolerance.

1.5.3 Fields in a data packet

A numeric value stored in a field of a data packet uses, a‘big-endian format. Bits that are njore
significant are stored at a lower byte offset than bits.that are less significant. Table 2 and figure 1
provide examples of the interpretation of such fields.

Table 2: Example of fields in a data packet

b, bg b, b, b, b, b, b,
B, (msb)
16-bit Numeric Data Field
B, (Isb)
B, Other Field (msb)
B, 10-bit Numeric Data Field (Isb) | Field

Figure 1. Examples of fields in a data packet

16-bit Numeric Data Field

b15 b14 b13 blZ |:)11 b10 b9 bS b7 bE b5 b4 b3 bZ bl bO

By B,

10-bit Numeric Data Field

by by b, | b by b, by b, b, b,

|
|
i
B, B,
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1.5.4 Notation of text strings

Text strings consist of a sequence of printable ASCII characters (i.e. in the range of 0x20 to 0x7E)
enclosed in double quotes (). Text strings are stored in fields of data structures with the first
character of the string at the lowest byte offset, and are padded with ASCII NUL (0x00) characters
to the end of the field where necessary.

EXAMPLE: The text string “WPC” is stored in a six-byte fields as the sequence of characters 'W', 'P’, 'C', NUL,

NUL, and NUL. The text string “M:4D3A” is stored in a six-byte field as the sequence 'M', "', '4', 'D’,
'3',and A'.

1.5.5 Short-hand notation for data packets

[n many instances, the Qi Specification refers to a data packet using the following«shorthahd
notation:

<MNEMONIC>/<modifier>

[n this notation, <MNEMONIC> refers to the data packet's mnemonic defined in the Qi Specification,
Communications Protocol, and <modifier> refers to a particular'valtie in a field of the data packet.
The definitions of the data packets in the Qi Specification, Comamunications Protocol, list the
meanings of the modifiers.

For example, EPT/cc refers to an End Power Transfer data packet having its End Power Tfransfer
code field set to 0x01.
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1.6 Power Profiles

A Power Profile determines the level of compatibility between a Power Transmitter and a Power
Receiver. Table 3 defines the available Power Profiles.

BPP PTx: A Baseline Power Profile Power Transmitter.
EPP5 PTx: An Extended Power Profile Power Transmitter having a restricted power transfer

capability, i.e. PP =5 W.

DD DT A A NS dod D D £1 in} T e
LI T TA. AAII GALCIIUTU T UVWCUT T TUITIT T UVWUT 1T1TdIISITITULTCT.
BPP PRx: A Baseline Power Profile Power Receiver.

EPP PRx: An Extended Power Profile Power Receiver.

Table 3: Capabilities included in a Power Profile

Feature BPP PTx EPPS PTx EPP PTx BPP PRx EPP|PRx
Ax or Bx design Yes Yes No N/A N/A
MP-Ax or MP-Bx design No No Yes N/A N/A
Baseline Protocol Yes Yes Yes Yes Yes
Extended Protocol No Yes Yes No Yes
Authentication N/A Qptional Yes N/A Optlonal
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2 Introduction

Figure 2 provides a simplified model of a wireless power system, consisting of six blocks. The three

blocks to the left of the power transfer interface represent a Power Transmitter and its supply. The

three to the right represent a Power Receiver and its Load. Typically, these blocks comprise the

following elements.
Supply: in many cases a separate adapter such as a USB PD brick.

Inverter: a half-bridge or full-bridge for DC/AC conversion.

Resonant Tank: a coil and series capacitor boosting the power transfer capability.
Rectifier: either a diode bridge or an active (synchronous) bridge for AC/DC conveéision.

L.oad: a power sink drawn by the Power Receiver Product, typically a mobile phone's power
an internal battery charger.

Figure 2. Simplified model of a wireless power transfér System

inputto

Power Transmitter \ Power Receiver

With reference to Figure 2, the following definitions are central to the understanding of a
power system.

Power Signal—An alternating magnetic field.

Supply Power—The )power dissipated from the supply.

Power Transmitter—A subsystem that can generate a Power Signal.

Power Transmitter Product—A device containing one or more Power Transmitters.

Transmitted Power—The power from the Power Signal dissipated by any object that is
infegral part of the Power Transmitter Product.

1 1 1
Sppply | Transmitted | Received | Load
Hower 1 Power | Power I Powgr

1 1 1

1 1 1

1 1 1

1 1 1

t Resonant ! Resonant t

Inverter ifi
Supply : Tank } ‘ : ‘ { Tank Rectifier : Load
1 1 1
1 i 1

wireless

hot an

Power Receiver—A subsystem that can extract electric power from a Power Signal.

Power Receiver Product—A device containing a Power Receiver.

Received Power—The power from the Power Signal dissipated by any component that is an

integral part of the Power Receiver Product.

Test Power Transmitter—A Power Transmitter Product designed to analyze and check the

operation of a Power Receiver Product’s wireless power functionality.
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Test Power Receiver—A Power Receiver Product designed to analyze and check the operation of
a Power Transmitter Product’s wireless power functionality.

Load Power—The power dissipated in the Load.
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3 Power Receiver construction

Figure 3 illustrates an example of a functional block diagram for a Baseline Power Profile Power
Receiver.

Figure 3. Functional block diagram for a Baseline Power Profile Power Receiver

Power Pick-up Unit

Secondary Coil ql Rect.lflca.tlon I
circuit
Voltage sense
(]
Communications gj 1.
modulator Communigations
& Contro| Unit
la -
Output \\Q
disconnect g\ »
D\
D
== "7
I Load <
| | Sensing & control

[n this exaniple, the Power Receiver consists of a Power Pick-up Unit and a Communicatiqns and
Control-Unit. The Power Pick-up Unit on the left-hand side of Figure 3 comprises the analpg
components of the Power Receiver:

A dUal TeSonant Circuit CoNSISUNg of @ SEcondary Coll pius Sertes and paraiier capacitances to
enhance the power transfer efficiency and enable a resonant detection method (see Section
3.1, Dual resonant circuit).

= Arectification circuit that provides full-wave rectification of the AC waveform using, for
example, four diodes in a full-bridge configuration or a suitable configuration of active
components (see Section 3.2, Rectification circuit). The rectification circuit may perform
output smoothing as well. In this example, the rectification circuit provides power to both the
Communications and Control Unit of the Power Receiver and the output of the Power Receiver.
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- A communications modulator (see Section 3.4, Communications modulator). On the DC side of
the Power Receiver, the communications modulator typically consists of a resistor in series
with a switch. On the AC side of the Power Receiver, the communications modulator typically
consists of a capacitor in series with a switch (not shown in Figure 3).

«  An output disconnect switch, which prevents current from flowing to the output when the
Power Receiver does not provide power at its output. In addition, the output disconnect switch
prevents current back flow into the Power Receiver when the Power Receiver does not provide
power at its output. Moreover, the output disconnect switch minimizes the power that the
Power Receiver draws from the Power Transmitter when a Power Signal is first applied to the

Secondary Coil.
t Arectified voltage sense.

The Communications and Control Unit on the right-hand side of Figure 3 comprigses the digjtal logic
part of the Power Receiver. This unit executes the relevant power control algerithms and pyotocols,
drives the communications modulator, controls the output disconnect switch, and monitor§ several
sensing circuits in both the Power Pick-up Unitand the load. (A good-example of a sensing ¢ircuitin
the load is a circuit that measures the temperature of a rechargeablé battery.)

NOTE: This version of the Specification minimizes the set of PowerRgceiver design requirements defined in
this section. Accordingly, compliant Power Receiver desighs that differ from the sample funjctional
block diagram shown in Figure 3 are possible. For example, an alternative design includes post-
regulation of the output of the rectification circuit\(e'g., by using a buck converter, battery charging
circuit, power management unit, etc.). In yet ainether design, the Communications and Confrol Unit
interfaces with other subsystems of the Power Receiver Product, e.g. for user interface purposes.

Figure 4 illustrates an example of a functional’block diagram for an Extended Power Profile Power
Receiver. The communications demoduldtor enables the communication of data from the|Power
Transmitter to an Extended Power Profile Power Receiver. The presence of a communicaions
demodulator is the only difference*with the functional block diagram of a Baseline Power|Profile
Power Receiver.
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Figure 4. Functional block diagram for an Extended Power Profile Power Receiver

Power Pick-up Unit

Secondary Coil q Rect.lflca.tlon )
circuit

Voltage sense
Communications modulator
Comman]cations
& Contrel Unit
Communications demodulator
(@}

%.

]

Output

C
disconnect Q/
;\\

O
.

| Sensing & control

Power Pick-up Unit components are described in the subsections below.

A Power Receiver design shall include a dual resonant circuit as defined in Section 3.1, Dyal
resonant circuit, aréctification circuit as defined in Section 3.2, Rectification circuit, sensing circuits
ps defined in'Section 3.3, Sensing circuits, a communications modulator as defined in Sectjon 3.4,
Communications modulator, and an output disconnect switch as defined in Section 3.6, Oytput
(isconfiget.

APOwer Receiver design for the Extended Power Profile shall also include a communicatjons

demodulator as defined in Section 3.5, Communications demodulator, and shall be able to function
meaningfully if the Power Transmitter restrictions limit the output of power from the Power
Receiver to 5 W; see Section 3.7, Shielding.
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Dual resonant circuit

The dual resonant circuit of the Power Receiver comprises the Secondary Coil and two res

C 2025

onant

capacitances. The purpose of the first resonant capacitance C, is to enhance the power transfer
efficiency. The purpose of the second resonant capacitance Cj is to enable a resonant detection of

the receiver position on some Power Transmitter designs.

Figure 5 illustrates the dual resonant circuit. The switch in the dual resonant circuit is optional. If
the switch is not present, the capacitance C, shall have a fixed connection to the Secondary Coil L.
f the switch is present, it shall remain closed’ until the Power Receiver transmits its first Packet

(see the Qi Specification, Communications Protocol).
Figure 5. Dual resonant circuit of a Power Receiver

Cs

Ls

The dual resonant circuit shall have the following resonant frequencies:

fl= = =100} kHz,

Coa LT,

£y = 1 = (1000 + 10%) kHz.

-1
27T - Ls(l+i
c. ¢

Receiver'design close to the Secondary Coil (e.g. away from the Interface Surface of a Pow

above, and x = 5% and y = 10% for all other Power Receivers.

[n these equations,\L{ is the self-inductance of the Secondary Coil when placed on the Infterface
Surface of a Power Transmitter and—if necessary—aligned to the Primary Cell; and L, is the self-
inductanceffthe Secondary Coil without magnetically active material that is not part of thie Power

er

TranSmitter). Moreover, the tolerances x and y on the resonant frequency f; are x =y =5 for
Power Receivers that specify a Maximum Power value in the Configuration Packet of 3 Wfand

NOTE: When determining the capacitance value C; make sure to account for any parasitic capacitances

between the terminals of the dual resonant circuit that may affect the resonance frequency

! The switch shall remain closed even if no power is available from the Secondary Coil

value f.
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The quality factor Q of the loop consisting of the Secondary Coil, switch (if present), resonant

capacitance C, and resonant capacitance C,, shall exceed the value 77. Here the quality factor Q is

defined as:

_ 27T’fd'l‘s

¢ R

where R is the DC resistance of the loop with the capacitances C, and C, short-circuited.

Figure 6 shows the environment that is used to determine the self-inductance L, ofthe Secondary

Mobile
Device

THoT

primary Shielding has a square shape with a side of 50 mm and a thickness of 1 mm. Fhex
the Secondary Coil and the center of the primary Shielding shall be aligned. The distance {
Receiver Interface Surface to the primary Shielding is d, = 3.4 mm. Shielding on|tep of the
Secondary Coil is present only if the Receiver design includes such Shielding-Other Power

Product components that influence the inductance of the Secondary Coil'shall be present
when determining the resonant frequencies. The excitation signal thatdsused to determir
L. shall have an amplitude of 1 V RMS and a frequency of 100 kHz.

Interface
Surface

Figure 6. Characterization of resonant frequencies
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Rectification circuit

The rectification circuit shall use full-wave rectification to convert the AC waveform to a DC power

level.

Sensing circuits

The Power Receiver shall monitor the DC voltage V, directly at the output of the rectification circuit.

Communications modulator

The Power Receiver shall have the means to modulate the Primary Cell currentand Prim{
voltage as defined in Qi Specification, Communications Physical Layer.* This\zersion of the
Specification leaves the specific loading method as a design choice to the Power Receiver.
methods include modulation of aresistive load on the DCside of the Power Receiver and mo
pf a capacitive load on the AC side of the Power Receiver.

Communications demodulator

For the Extended Power Profile, the Power Receiver.shall have the means to demodulate fr¢
shift keying (FSK) data from the Power Signal-frequency as defined in Qi Specification,

Communications Physical Layer. This Specification leaves the specific method up to the def
the Power Receiver.

Output disconnect

The Power Receiver shall have the means to disconnect its output from the subsystems co
thereto. If the Power-Receiver has disconnected its output, it shall ensure that it still draw
sufficient amount of power from the Power Transmitter, such that Power Receiver to Pow
Transmitter eohmunications remain possible (see Qi Specification, Communications Phys
.ayer).

The Power Receiver shall keep its output disconnected until it reaches the power transfer g
the first time after a Digital Ping (see the Qi Specification, Communications Protocol). Subse

iry Cell

Typical
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nnected
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Transmitter applies a Power Signal.

NOTE: The Power Receiver may experience a voltage peak when operating the output disconnect switch

(and changing between maximum and near-zero power dissipation).

2 Note that the dual resonant circuit as depicted in Figure 5 (in Section 3.1) does not prohibit

implementation of the communications modulator directly at the Secondary Coil
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3.7

Shielding

Animportant consideration for a Power Receiver designer is the impact of the Power Transmitter’s
magnetic field on the Power Receiver Product. Stray magnetic fields could interact with the Power
Receiver Product and potentially cause its intended functionality to deteriorate or cause its
temperature to increase due to the power dissipation of generated eddy currents.

It is recommended to limit the impact of magnetic fields by means of Shielding on the top face of
the Secondary Coil (see the Qi Specification, Mechanical, Thermal, and User Interface for a diagram
of the secondary coil assembly). This Shielding should consist of material that has parameters

similar to the materials listed in the Qi Specification. The Shielding should cover the Secéndary Coil
completely. Additional Shielding beyond the outer diameter of the Secondary Coil niight b
hecessary depending upon the impact of stray magnetic fields.

1%



https://iecnorm.com/api/?name=13c62b3850f0a5d914f676e212458aa6

-22- IEC 63563-4:2025 © IEC 2025

4 Power Receiver design guidelines (informative)

4.1

Large-signal resonance check

In the course of designing a Power Receiver, it should be verified that the resonance frequency f; of
the dual resonant circuit remains within the tolerance range defined in Section 3.1, Dual resonant

circuit, under large-signal conditions. The test defined in this section serves this purpose.

see Figure 7. The presence of the parallel capacitance C, is optional.

Figure 7. Large signal secondary resonance test

A\ S
M= t °
[in ) .94
—_C Vout
S
1 .
NI

Step 2. Position the assembly and an appropriate spacer on primary Shielding material, a
in Figure 5 (in Section 3.1).

Step 3. Measure the input voltage V,, as a function of the frequency of the RF power sourd
range 0of 90...110 kHz, while ntaintaining the input current /;, at a constant level, preferably
twice the maximum value.intended in the final product.

pecified tolerance’range of the resonance frequency f,.

5 shown

e in the
at about

Step 4. Verify that the frequency at which the measured V;; is at a minimum, occurs within the
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4.2

Power Receiver coil design

The mutual inductance M of a Secondary Coil, in combination with optional Shielding and other
Power Receiver Product components, and the Primary Coil of a Power Transmitter design A10
should satisfy the following relations:

4]

< 0.8 A, if the Primary Coil and Secondary Coil centers are aligned; and

ac oy Ol cot e bon o Torano] o C6 ok FE‘["mm
uJ l_y GUUIT CLUIILUT O TIIdve d IdlillIdlI vriocvLl vl J'yv - .

Here V, is the maximum output voltage expected from the Secondary Coil—or anyether yoltage
that the Power Receiver designer considers relevant—and @ = 2 zf, with f= 100 kKHz, the
frequency at which the mutual inductance (in units of 1 henry) is measured.!
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5 Power Transmitter construction

5.1 Power Transmitter reference designs

The Qi Specification includes a set of Power Transmitter reference designs that were developed,
tested, and certified by member companies of the Wireless Power Consortium.

5.2 Power transfer control

This version of the Specification, defines a specific method, which the Power Transmitter ghall use
to control its Primary Cell current towards the new Primary Cell current{See Qi Specification,

Communications Protocol for a description of the power transfer phases). This method is hased on
A discrete proportional-integral-differential (PID) algorithm as illdstrated in Figure 8.

~

Figure 8. PID control algorithm
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To execute this algorithm, the Power Transmitter shall execute the steps listed below, in the order
of appearance. In the definitions of these steps, the indexj =1, 2, 3, ... 1abels the sequence of Control
Error Packets, which the Power Transmitter receives.

- Upon receipt of the jth Control Error Packet, the Power Transmitter shall calculate the new

Primary Cell current tg) as

. X )
g _ ,G-D c
e = ¢ [Hﬁé}

Wwhere tg_ D represents the actual Primary Cell current—reached in response to the préyious
Control Error Packet—and ¢! represents the Control Error Value contained in thejth Contfol Error
Packet. Note that tf,o) represents the Primary Cell current at the start of the power.transfgr phase.

L If the Control Error Value ¢ is non-zero, the Power Transmitter shall adjust its Primry Cell

current during a time window t

ctive- FOT this purpose, the Power TraisSmitter shall eecute a

loop comprising of the steps listed below. The indexi=1, 2, 3, ..(i,;, labels the iterations of this

loop.

- The Power Transmitter shall calculate the difference-between the new Primary (ell and
the actual Primary Cell current as the error

e(]',i) _ t((ij)_ tz(‘]',i—l)

where t;j’ b represents the Primary Cell current determined in iteration i — 1 off the
loop. Note that tf,’ ” represerits the actual Primary Cell current at the start of thq loop.

= The Transmitter shall calculate the proportional, integral, and derivative terms (in any
order):

pUD K, Y )

0D = 0D gD
G Gi-1)

G _ e’ —e
DI = Ky

inner

where K, 1S the proportional gain, K; 1s the mtegral gam, K, 1s the derivatve gaim, and &,
is the time required to execute a single iteration of the loop. In addition, the integral term
109 = 0, and the error eU9 = 0, The Power Transmitter shall limit the integral term 100

such that it remains within the range -M, ... + M|—if necessary, the Power Transmitter

shall replace the calculated integral term 1Y) with the appropriate boundary value.
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»  The Power Transmitter shall calculate the sum of the proportional, integral, and derivative
terms:

prpU- — pUsd 4 [0 o pU)

In this calculation, the Power Transmitter shall limit the sum PIDY) such that it remains
within the range -Mpp ... + My,

- The Power Transmitter shall calculate the new value of the controlled variable

stU — VU’I_U—SV'PIDU’U,

where S, is a scaling factor that depends on the controlled variable. In addjtion, the

G:0) _ v(ffl,imax) (0,0)

controlled variable v , with v representing the actual value of the
controlled variable at the start of the power transfer phase, is eitherthe Operatinig

Frequency, the duty cycle of the inverter, or the voltage inputito-the inverter. If the
calculated vV exceeds the specified range, the Power Transmitter shall replace the

calculated v with the appropriate limiting value.

The Power Transmitter shall apply the new value 'of the controlled variable VOt its
Power Conversion Unit.

= The Power Transmitter shall determine the actual Primary Cell current tg’ v

The maximum number of iterationgs of‘the loop i, ,,, and the time ¢, .. required to execute|a single

max’ mner
iteration of the loop shall satisfy, the following relation:

Bonx * Linner = Lactive With 1 ms < ¢, < 5 ms

thax inner =

Lt The Power Transmitter shall determine the Primary Cell current tgj) exactly at
taelay + Lactivet Gerre after the end of the Jj™ Control Error Packet.

See the definition of the individual Power Transmitter designs for the values of Kp, K, Ky M,
and Mpp.
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6 Power consumption

In consideration of compliance testing, a Power Receiver shall not drive the Transmitted Power
of Test Power Transmitter #2 above 7500 mW with the Power Receiver being positioned on
TPT#2 such that power transfer can be sustained without interruption.



https://iecnorm.com/api/?name=13c62b3850f0a5d914f676e212458aa6

-28- IEC 63563-4:2025 © IEC 2025

7 Meaningful functionality

(Extended Power Profile) If the Power Receiver is not able to negotiate its intended Guaranteed
Load Power level with the Power Transmitter, it shall negotiate a lower Guaranteed Load Power
level, and function meaningfully at that power level. Meaningful functionality includes charging a

connected battery at a rate lower than intended.

NOTE: The following examples list cases in which the Power Receiver may not be able to negotiate its target

operating power.

I'he Power Recelver 1s positioned on a BPF Power Transmitter.

The Potential Power provided in the Power Transmitter Capability Packet is lowerthpn the
Power Receiver’s target operating power.
The Power Transmitter is powered by an external power supply that is deSigned to prpvide no
more than 5 W of power.
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8 Unintentional Magnetic Field Susceptibility

8.1

8.2

8.3

(Informative)

Limits

It should also be noted that a Power Receiver can be exposed to higher than expected fields during

otherwise normal operation. For example, if the Power Receiver is suddenly moved such that its

Coupling with the Power Transmitter changes significantly, the communications channel
become unusable and the voltage generated across the Secondary Coil can increase unex]j

Protection

[n the case that the output disconnect switch is open, it is recommendédithat a Power Recq

1.6 times the maximum target rectified voltage as defineddn Table 4, or

the voltage that results if coupled with a type MP-A1 Pewer Transmitter that is operat
minimum Operating Frequency and maximum phase“difference between the legs of i
bridge inverter.

Table 4: Examples of the recommended U,

Maximum Target Recommended U,,,,
Rectified Voltage [V] [Vl
12 20
20 32
30 48

Power Transmitter detection

To.détect whether the Power Signal originates from a Power Transmitter, as described in

Fan
bectedly.

iver can

withstand a voltage generated across its Secondary Coil of at least U}, Here, U, is the larger of

ng atits
s full-

the Qi

Specification, Communications Physical Layer, the Power Receiver should also take into account

the Power Transmitter designs.
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9 Load Steps

9.1

9.1.1

A Power Receiver Product may perform load steps and dumps that are beyond the control of its

Power Receiver. A load step or dump causes an immediate impedance change, which is reflected

from the Secondary Coil to the Primary Coil and results in a change of the rectified voltage. Due to

the latency of the control loop (which is mainly due to the time that is required to communicate

Control Error Packets), it takes a while before the rectified voltage is readjusted to a (new) desired

value. The Power Transmitter should ensure that the established Power Transfer Contract is not

erminated during such an event Therefore an implempn‘m‘rinn of a Power Transmitter should

meet load steps from 10% to 100% of the Maximum Power (as communicated by the Row|
Receiver in the Configuration Packet) and load dumps from 100% to 10%.

Load step test procedure

Baseline Power Profile load step test

The following procedure is recommended to verify that the Power Transmitter is able to
load steps and dumps:

er

handle

1. Position Test Power Receiver #1 in configufation B on the Interface Surface of the Poper
Transmitter Product with an initial load 6f 32 Q, a Power Control Hold-off Time of
taely = 100 ms, and an interval time(between consecutive Control Error Packets of
tinterval =250 ms.

2. Establish communication aiid regulate the rectified voltage to V. = (7 + 2%) V.

3. Change the load from its'initial value to 127 () and regulate the rectified voltage to
V.=(7+£2%) V.

4. Change the load from 127 Q to 10 €, At, = 50 ms before a sending a Control Error Pagket.

5. Verify thatthe Test Power Receiver continues to regulate and that the Power Transmijtter
Product responds to the Control Error Packets by adjusting V..

6. » Méasure the rectified voltage (V;, V;, and V,;,) with timings as shown in Figure 9, whé¢re
At, = 1800 ms

7. Verify that the measured values comply with the limits provided in Table 5.


https://iecnorm.com/api/?name=13c62b3850f0a5d914f676e212458aa6

IEC 63563-4:2025 © IEC 2025

)

-31-

Figure 9. Load step test diagram

At

4t

At

4t

[/07
\ i~ ——— Control Error —

Table 5: Load step limits

Voltage Minimum Target Maximum Unit
A 6.9 7 7.1 \Y
Viin 4 7 7.1 \Y
4 6 Vs 7.1 \Y
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1. Position the Test Power Receiver on the Interface Surface of the Power Transmitter Product,
with aninitial load of Ry, a Power Control Hold-off Time of ), = 100 ms, and an interval time
between consecutive Control Error Packets of t;.., = 250 ms. See Table 6 for relevant
parameters.

2. Establish communications and regulate the rectified voltage to V..

3. Change the load from its initial value to Ry, and regulate the rectified voltage V..

. Change the load from Ry, to R, at At; = 50 ms before a sending a Control Error£afket.

5. Verify that the Test Power Receiver continues to regulate and that the Power Fransmjtter
Product responds to the Control Error Packets by adjusting V..

6.  Measure the rectified voltages (V;, V;, and V,;;,) with timings as shown'in Figure 9 abgve,
where At, = 1800 ms.

7. Verify the measured values with the limits provided in Table/A:

Table 6: Load step definitions
Test f’o ver Initial Load R;; Light Load R, Heavy Load R,,, Rectified Voltage V,
Receiver & v
TPR#1B 320 127 Q 10Q (7£2%)V
TPR#MP1B 72 Q 96 Q) 10Q (1229 Vv
Table 7: Load step limits
. Minimum Target Maximum
Test Power Receiver Voltage V] [5] Iv]
TPR#1H Vo 6.9 7 7.1
Vinin 4 7 7.1
v, 6 V, 7.1
TPR#MP1B Vs 11.8 12 12.2
Viin 6.9 12 12.2
v, 10.3 V, 12.2
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Load dump test procedure

Baseline Power Profile load dump test

1. Position Test Power Receiver #1 in configuration B on the Interface Surface of the Power
Transmitter Product, with an initial load of 32 (), a Power Control Hold-off Time ¢, = 100 ms,
and an interval time between consecutive Control Error Packets t, ..., = 250 ms.

2. Establish communication and regulate the rectified voltage to V. = (7 £ 2%) V.

3. Change the load from its initial value to 10 Q and regulate the rectified voltage to
V.=(7+£2%) V.

4. Change the load from 10 Q to 127 Q, At, = 50 ms before a sending a Control*Error Pagket.

5. Verify that the Test Power Receiver continues to regulate and that the-Power Transmjtter
Product responds to the Control Error Packets by adjusting V..

6. Measure the rectified voltage (V,, V;, and V,;;,) with timings ds'shown in Figure 10, where
At, = 1800 ms.

7. Verify that the measured values comply with the lintits:provided in Table 8.

Figure 10. Load dump test diagram

Control Error

at, A

At

4t
t

Table 8: Load dump limits (Baseline Power Profile)

Voltage Minimum Target Maximum Unit
vy 6.9 7 7.1 v
Viin 6.9 7 12 Vv
A 6.9 v, 8 Vv
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Position the Test Power Receiver on the Interface Surface of the Power Transmitter Product,

with aninitial load of Ry, a Power Control Hold-off Time of 4}, = 100 ms, and an interval time

between consecutive Control Error Packets of t.

parameters.

nterval =

Establish communications and regulate the rectified voltage to V..

250 ms. See Table 9 for the relevant

Change the load from its initial value to Ry, and regulate the rectified voltage V.

Table 9: Load dump definitions (Extended Power Profile)

Product responds to the Control Error Packets by adjusting V..

Verify the measured values with the limits provided in Table/9:

Change the load from Ry, to Ry, at At; = 50 ms before a sending a Control Error Pagket.

Verify that the Test Power Receiver continues to regulate and that the Power Frahsm|tter

Measure the rectified voltages (V;, V;, and V,;;,) with timings as shown'in Figure 10 above,
where At, = 1800 ms.

;Zite':::_’er Initial Load R, Light Load Ry, Heavy Load Ry, | Rectified Voltage V,
TPR#lIf 320 127 Q 100 (7+2%)V
TPR#MPIB 72Q 96 Q 10Q (12+x2H9) Vv
Table 10{ Load dump limits
. Minimum Target Maximum

Test Pdwer Receiver Voltage Iv] [5] V]
TPR#1B Vs 6.9 7 7.1

Viin 6.9 7 12

4 6.9 Vs 8
TPR#MP1B A 11.8 12 12.2

Viin 11.8 12 20.5

4 11.8 Vs 13.7
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10 Over-voltage protection

A Power Transmitter shall limit the amplitude of its Power Signal (or magnetic field strength) such
that it does not generate a rectified voltage higher than 20 V at the output of a properly designed
Power Receiver.

ThePower Sigmatdepends o theamount of current that Tuns throughr tire Primmary €oit-T his
pmount is primarily determined by the Power Transmitter’s Operating Point, the Power R¢ceiver’s
load impedance, and the coupling between the Primary Coil and Secondary Coil. Whereag the
Power Receiver can—to a certain extent—control its load impedance and the Power Trangmitter’s
Operating Point by transmitting appropriate Control Error Packets, it has little'control over the
coupling. As a consequence, scenarios exist in which a higher-than-expected voltage can tesult at
the Power Receiver’s output.

[n one scenario, the user initially places the Power Receiver at aposition where the coupling is
poor and subsequently moves it to a position where the coupling is strong. In practice this can
happen when the user keeps the Power Receiver hoveringat a small distance above the Ifiterface
Surface before setting it down, or when the user place$the Power Receiver with a large
misalignment between the Primary Coil and Secondary Coil and subsequently slides it into better
plignment.

[n either case, the Power Transmitter can détect the Power Receiver and establish
communications before the coils are properly aligned. The Power Receiver can then start t¢ control
its output voltage to a higher level, suchras 12 V, in order to prepare for connecting its loaf. If the
coupling is poor, the Power Receivertypically can reach its target voltage only by driving the power
[ransmitter to use a high Primary Coil current (and therefore a strong Power Signal or high
magnetic field). If the coupgling suddenly improves substantially, as in the above scenariog, the
Power Receiver does not have time to drive the Power Transmitter back to a lower Primajy Coil
current. As a result;its-output voltage can substantially increase—up to tens of volts if ng special
precautions are taken.

Many Power)Receiver implementations that are based on common IC technology cannot handle

such voltages, with 20 V being a safe upper limit. Moreover, design constraints often are df such a
hature that commonly used solutions for over-voltage protection cannot be applied. For gxample,
lafgeZener diodes or dummy loads that can handle the excess power typically are too bulky to fitin

Space-Timited designs. Accordingly, the Power Recelver typically ias no alternative but to rely on
the Power Transmitter to keep its voltage below the safe limit.

Whereas a Power Transmitter can hold its Primary Coil current to a sufficiently low level, placing a
hard limit on the Primary Coil current can prevent a Power Receiver from reaching its target power
level when it has connected its load.

A better solution is to define more than one limit according to the amount of power that is
transmitted:
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- The Power Transmitter should use a low current limit if the Transmitted Power is low to
prevent an over-voltage from occurring in the Power Receiver

- It should use a high current limit if the Transmitted Power is high to enable the Power
Receiver to reach its target Operating Point without creating an over-voltage in the Power
Receiver.

The system model and analysis below explain this approach in more detail.

Figure 11 illustrates a simplified model of the system comprising a Power Transmitter on the left
and a Power Receiver on the right. For clarity, the load circuit is drawn separately from the Power

eceiver. The Power Transmitter consists of a power source (u,, f,,), a capacitance ,, an

op?
inductance L, and a resistance R,. The power source supplies apsinusoidal voltage uy, at'g
frequency f,. The Power Receiver consists of a capacitance C, an inductance L, and g Tesisfance R;.
A load having an impedance Z; is connected to the output terminals of the Power*Receivef. The

symbols uy, i, ip, and kOp represent the load voltage, load current, Primary Coil¢urrent, and ¢oupling

factor.

Figure 11. Simplified system model

— || o
K & &
op I I N
¥ N c.
ipT L, L u, Z|
+ Rs v
.' | & &
PTx PRx Load Circui

For simplicity;.thé Power Receiver in the model includes neither a rectifier nor a resonange at a
frequencyf{as defined in Section 3.1, Dual resonant circuit and Section 3.2, Rectification dircuit.
The absence of the additional resonance does not significantly affect the results discussed below.
The effect of the rectifier is described at the end of this section.

4.4

Tabte-tttiststhe parametersassociated with the systemmmodetim Figoretiinstead of the

resonant capacitances Cp and C,, and the resistances Rp and R, the resonant frequenciesfp and f,,
and quality factors @, and Q, are provided. The relations between these parameters are as follows:

1 1 0. - 2nprp 0. - 2nf L,
p s

f = - —> f :—5 )
" oomfLc, 7 o2m /LG, R, R,

The Power Transmitter controls the amount of power it transfers by adjusting the amplitude of its
voltage and frequency in the ranges given in Table 11.
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At start-up, it uses the ping voltage u;,, and ping frequency f;;,.. To control the power up, it

ping
decreases its frequency while keeping its voltage constant at the maximum value. To control the
power down, it increases the frequency at constant voltage, and after reaching the maximum

frequency value decreases the voltage while keeping the frequency constant at that maximum.

At start-up, the Power Receiver uses a load impedance meg,

electronics such as a microprocessor. After start-up, the Power Receiver can adjust its load

which represents the load of its control

impedance to reach its target Operating Point as given by the target voltage u; and target current ;.

Table 11: Parameters of the simplified model

Power Transmitter Power Receiver
L, 25 pH L 35 jH
f 100 kHz 1 100 KHz
Q, 100 Q, 40
Ugp 2..24 V (pk) u, 12 V (rms)
fop 100...200 kHz i 1.5 A (fms)
Uing 24 V (pk) Z 0.1...1000 0
foing 175 kHz Zjing 800 0

Power Transmitter operation is subject to these constraints:

The Power Transmitter only uses the€part of its Operating Frequency range where the [Primary
Coil current decreases while the Operating Frequency increases. This constraint ensyres that
the Control Error Packets from‘the Power Receiver have a consistent effect: a positivel Control
Error Value causes the RPrimary Coil current to increase, and a negative Control Error|Value

causes the Primary Coil-current to decrease.

NOTE: A positive ControbError Value directs the Power Transmitter to increase its voltage, or to defrease its
Operating Frequency if the voltage has reached its maximum value. A negative Control Errdr Value
directs the Power transmitter to increase its Operating Frequency, or to decrease its voltagg if the
Operating Frequency has reached its maximum value. This method of power control is used by
manyPower Transmitter designs.

L . \(The Power Transmitter limits the amount of power that it takes from its power sourde. In the

simplified model, the maximum average power is 24 W.

«  The Power Transmitter limits the amount of Primary Coil current. Two examples are
discussed below. In the first example, the Primary Coil current is limited at the fixed value of
3 Arms. In the second example, the Primary Coil current limit depends on the Transmitted
Power, increasing from 0.75 A (rms) at near zero Transmitted Power up to about 2.7 A (rms)
at near maximum Transmitted Power.
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The diagram on the left in Figure 12 illustrates the full operating space of the Power Transmitter in
terms of its Primary Coil current and the power it takes from its power source. The diagram on the
right illustrates the operating space of the Power Receiver in terms of its load current and voltage.
The solid black lines in the Power Transmitter’s diagram indicate its power and current limits. The
solid black dot in the Power Receiver’s diagram indicates its target Operating Point. The colors of
the different curves represent different coupling factors. The red curve corresponds to a coupling
factor of 0.56 (good coupling). The yellow, green, blue, and purple curves correspond to 80%, 60%,
40%, and 20% of the “red” value. Each curve forms a closed contour limiting the operating space of
the Power Transmitter and Power Receiver for the associated coupling factor (for the parts of the

Contour that coincide with the power lImit, the current [imit, or the diagram axes this may be

difficult to see). The Power Transmitter and Power Receiver can reach any point within-a|contour
oiven appropriate values of the Power Transmitter’s Operating Frequency and voltage. Figally, the
stars indicate the ping Operating Points of the Power Transmitter and Power Receiver.

Figure 12. Operating space with a fixed-maximum Primary Coil.current
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The diagram on the right shows thdt the Power Receiver can reach its target Operating Pqint for a
coupling factor greater than\abeut 0.3, because that Operating Point lies well within the green
contour (a coupling factor of 60% - 0.56). The diagram also makes clear that the load voltpge can
potentially reach levels\well above 20 V (rms) for coupling factors greater than 0.3. For eyample,
the top left corner ofthe yellow curve, representing a coupling factor of 80% - 0.56 and afload
impedance of 1.k{), reaches a load voltage of 30 V (rms).

The solid.eutves in Figure 13 illustrate the “trajectories” that the Power Transmitter and Power
Receiverfollow through their operating space when controlling from the ping Operating Point to
the target Operating Point at different coupling factors. Each trajectory starts from the ping

ODpefating Point, which is indicated by a star. The Power Receiver first controls its load volfage to a

value just over 12 V (rms). In the Transmitter’s diagram this is the slightly slanted line near the
bottom (less than 1 W of input power). In the Power Receiver it is the steep line close to the vertical
axis. Next the Power Receiver changes its load from the ping load impedance to the target load
impedance (12 V / 1.5 A = 8 Q). This load step increases the Power Transmitter’s power and
Primary Coil current, and it decreases the load voltage. For the lowest coupling (purple curve) the
Primary coil current even exceeds the limit. In this example, the Power Transmitter does not
enforce its current limit instantly, but instead controls its Operating Point back to the limit after
completion of the load step. Finally, the Power Receiver controls its voltage to the target value,
which is possible for the highest coupling factors only (red, yellow, and green curves).
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At the lower coupling factors (blue and purple curves), the Power Transmitter hits is current limit.
The solid squares indicate the final Operating Point for each coupling factor.

Figure 13. System control with a fixed-maximum Primary Coil current (1)
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As a clear illustration of the scenarios described earlier in this section,the dashed and dojtted

curves in Figure 13 show the trajectories that the Power Transmitter and Power Receiver follow if
the coupling factor changes between zero and 0.56. The load impedance and the Power
[ransmitter’s Operating Point are fixed on these trajectoriges (i.e. the Power Transmitter does not
enforce its limits during the coupling step). As shown,in'the diagram on the right, the load voltage
can reach values up to about 20 V (rms) at the targetload impedance of 8 (.

To reach this voltage, the input power and Primary Coil current exceed their limits substgntially
(see the left diagram). The behavior is radically different at the ping impedance of 800 Q,[where
the load voltage can reach values well overi20 V (rms). Corresponding trajectories are not visible in
the diagram on the left because the coupling step causes hardly any change in the Primarj Coil
current and input power.

Even if the Power Transmitter iwould instantly enforce its limits, the load voltage would reajch these
high levels. This is clearly visible in Figure 14, where the maximum load voltage is much refluced at
the target load impedance but not at the ping impedance. In fact, the maximum reachablg load

voltages can be read directly from the red contour in Figure 12 (diagram on the right).

Figure 14. System control with a fixed-maximum Primary Coil current (2)
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Figure 15 illustrates that a Primary Coil current limit that depends on the Transmitted Power (or
on the input power) is a means to mitigate high load voltages in the Power Receiver. Clearly, the
highest load voltages reached using this limit stay well below 20 V (rms). This example also
illustrates that the cost of this approach is a reduced coupling range over which the Power Receiver
can reach its target Operating Point (the green curve representing a coupling factor of 60% - 0.56
no longer reaches the target Operating Point).

This means that proper alignment of the Power Transmitter and Power Receiver becomes
important. Different shapes of the current limit yield a different trade-off between maximum load
voltage and the coupling range.

Figure 15. System control at power-dependent maximum Primary Coil current-(1)
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As a final example, Figure 16 illustrates the full operating space that results from the power-
dependent current limit; the trajectories;that result if the Power Receiver scales its powe} back
from its target to load powers of 10 W)\5W, and 3 W; and the maximum voltages that resylt from
coupling steps at these additionabkOperating Points. In most cases, the maximum voltage ¢loes not
exceed 20 V (rms), and where it'does exceed 20 V (rms) it is not by much.

Figure 16. System\control at power dependent maximum Primary Coil current (2)
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All practical Power Receiver implementations use a rectifier as part of the load circuit shown in
Figure 11 (see also Section 3.2, Rectification circuit). Moreover, most Power Receiver
implementations include a capacitor directly after this rectifier to smoothen the ripple on the
rectified voltage. In combination with a high load impedance (low load current), this smoothing
capacitor typically charges to a level approaching the peak voltage thatis present at the input to the
rectifier. When determining the appropriate (power-dependent) current limit this effect should be
taken into account.

Special care should be taken in designing Power Transmitters that use duty-cycle control (instead of
frequency or voltage control), because the peak voltage in those designs can be substantially higher
than the rms voltage that is used in the above examples. (The voltage waveform at the ihpt to the
rectifier resembles the waveform generated by the Power Transmitter’s power source))
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11 External Power Input (Informative)

11.1 Available power—Extended Power Profile only

To meet the recommended minimum system efficiency (see Section 13.2, Power Transmitter
efficiency), the power supply of a Power Transmitter should be able to provide at least 20 W.

Once the Power Transmitter has completed the negotiation phase, and therefore has established a

ower Transfer {‘nnh"ﬂr‘f’ its power cnpp]y should notreduce the power below the level that is

hecessary to fulfill the Guaranteed Load Power in the Power Transfer Contract. Note thab[this
provision typically is relevant only if multiple Power Transmitters share a single power supply. For
example, if two Power Transmitters share a single 30 W power supply, only one af'the two ata time
can negotiate a Guaranteed Load Power of 15 W—which translates to an input power of 20 W or
more. The other one then has to stick to a Guaranteed Load Power of 5 Ws~=which translafes to an
input power of 7.5 W or more. In order to make this work reliably, some communication slould be
provided between the Power Transmitters and the power supply
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12 Power Levels (Extended Power Profile only)

12.1 Potential Load Power

The Power Transmitter designs using the Extended Power Profile can support a Potential Load
Power of up to 15 W. A Power Transmitter that is constructed according to one of these Power
Transmitter designs can provide the amount of power that Test Power Receiver #MP1 needs to
function at its intended Control Point. In particular, this means that if Test Power Receiver #MP1

is positioned appropriately relative to the Power Transmitter, it can provide

8 W of power at its output in configuration A if the Potential Load Power isz.8'W;
15 W of power at its output in configuration B if the Potential Load Power’is 15 W; arnjd

12 W of power at its output in configuration C if the Potential Load.Power is = 12 W.

12.2 Light load

A Power Transmitter shall be able to continuously provide power at 5% of the Maximum [Power
level that is contained in the Power Transfer Contraet, with a minimum of 250 mW.
NOTE: Power Receivers that operate in stand-by mode;or have a nearly full battery may present such a light

load to the Power Transmitter for longer periods of time. The minimum light-load power lejel that a
Power Transmitter is required to support ¢orresponds to a negotiated Maximum Power leyel of 5 W.
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13 System Efficiency (Informative)

13.1

The efficiency of a wireless power transfer System depends on the combination of the specific

Power Transmitter and the specific Power Receiver that are used, as well as their alignment. Since

the Power Transmitter and Power Receiver are subsystems of two separate pieces of end

equipment that may originate from different manufacturers, the efficiency of each can only be

measured with a reference test fixture of the other subsystem. Below defines the procedure to

measure the system efficiency with the help of the Test Power Transmitters and Test Power

eceijvers

Definition

Figure 17 shows a schematic diagram of a wireless power transfer Systein; consisting of g
Transmitter coupled to a Power Receiver. As illustrated, P;, represents the DC input powe
(inverter stage of the) Power Transmitter, and P, represents thédmount of DC power th3
consumed in the load that is connected to the output terminal§.of the Power Receiver. Thg
efficiency is defined as:

P OL
nsystem N P_

m

Figure 17..System efficiency
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13.2 Power Transmitter efficiency

13.2.1 Baseline Power Profile

Table 12 indicates the recommended minimum system efficiency of a Power Transmitter for
Baseline Power Profile devices, as measured with the set of Test Power Receivers. It is also
recommended that if the Power Transmitter Product is to be delivered with an AC adapter, the
AC adapter should be Energy Star compliant.

Table 12: Recommended minimum system efficiency (Baseline Power Profile)

Test Power Receiver L[o;]d Minimum Sy[s:yt:]em Efficiency
TPR#1A 3.5 55
TPR#1B 8.7 65
TPR#1C 10 50
TPR#1D 75 25
TPR#1E 5 55

The system efficiency of the Power Transmitter Product is measured using Test Power
Receiver #1. Measurement of the Power Transmitter efficiency shall proceed as follows:

1. Position Test Power Receiver #1-on'the Interface Surface of the Power Transmitter Product.

. Calculate the Power Transmitter efficiency 7 g, as:

nsystem Pp.

3. Repeat the above two steps 3 times, and calculate the average Power Transmitter efficiency

naverage ass

1 ,
Maverage = 5213 _ 1775ystem(l)
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13.2.2 Extended Power Profile

Table 13 provides recommendations for the minimum system efficiency for Extended Power Profile
devices. Note that this table augments Table 12.

Table 13: Recommended minimum system efficiency (Extended Power Profile)

Volume | Power Transmitter (5 W) Volume Il Power Transmitter (15 W)
Test Power
Receiver Load Minimum System Load Minimum System
[n] Fffirinnr\’l [OA] [n] Efficiency [%]
TPR#1A 3.5 55 3.5 55
TPR#1B 8.7 65 8.7 65
TPR#1C 10 50 10 50
TPR#1D 75 25 75 25
TPR#1E 5 55 5 55
TPREMP1A — — 4.2 65
TPR#MP1B — — 9.6 70
TPR#MP1C — — 12 75
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13.3 Power Receiver efficiency

Measurement of the Power Receiver efficiency shall proceed as follows:

1.

Baseline Power Profile: Position the Power Receiver Product under test on the Inte

Surface of Test Power Transmitter #2.

rface

Extended Power Profile: Test Power Transmitter #MP1 is used to determine the efficiency of

a Power Receiver that negotiates a Guaranteed Load Power Value of 15 W in the Power

Contract.

The power delivered to the load of the Power Receiver must be predetermined orsef
known condition Py;.

Measure the amount of power P, input of the Test Power Transmitter, at a power dis

Py, in the load of the Power Receiver under test.

Calculate the system efficiency for the Power Receiver 1., as:

P OL
nsystem = P_

in

Repeat the above 3 steps 3 times, and calculate the‘verage Power Receiver efficiency

as:

1 ,
naverage = 5213 =1 77system(l)

toa

sipation

naverage
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