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CHAPTER 1

introduction to iPod shuffle Interface

Specification

Notice of Proprietary Property

THE INFORMATION CONTAINED-HEREIN IS THE PROPRIETARY PROPERTY OF APPLE INC. THE POSSESSOR
AGREES TO THEFOLLOWING: {) TO-MAINTAIN THIS DOCUMENT IN CONFIDENCE, (Il) NOT TO REPRODUCE
OR COPY T, (1) NOT/TO REVEAL OR PUBLISH IT IN WHOLE OR IN PART, (IV) ALL RIGHTS RESERVED.

ACCESS TO THIS DOCUMENT AND-THE HNFORMATICN CCNTAINED THEREIN IS GOVERNED BY THE TERMS OF
THE MFI LICENSE AGREEMENT AND/CR THE IPOD-IPHONE AIS EVALUATION AGREEMENT. ALL OTHER USE
SHALL BE AT APPLE’S SOLE DISCRETION.

Scope

This document specifies the electrical and mechanical interfacesto the first, second, and third generations
of the iPod shuffle. The shufflemodel numbers and interfaces areiisted in Table I-1.

Table 1-1 Model numkers-and.interfaces

Name Model numbar Interfaces

1G shuffle | 0XO080NNNN, 0x088TANNN | 9-pin USB-compatible coriector, 4-pin audio connector

2G shuffle | 0X0082NNNN 4-pin iriput/output connector to-dock

3G shuffle | 0x0083NNNN 4-pin input/output'connector to cable

Organization of This Document

The technical content of this document is presented in three chapters and one appendix:

= 1G shuffle Interface Specification (page 9) specifies the interfaces to the iPod 1G shuffle.
m 2G shuffle Interface Specification (page 13) specifies the interfaces to the iPod 2G shuffle.
= 3G shuffle Interface Specification (page 19) specifies the interfaces to the iPod 3G shuffle.

m  Charging Accessories for the 3G shuffle (page 23) specifies the electrical requirements for accessories
that provide charging current to the iPod 3G shuffle,

Notice of Proprietary Property 7
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CHAPTER 1

Introduction to iPod shuffle Interface Specification

Specification Terms

Parts of this document contain specification requirements that are incorporated by reference into legal
agreements between Apple Inc. and its licensees. The use of the words “must” and “should” in these
specifications have the following meanings:

= “Must” means that the specification is an absolute requirement.
= “Must not” means that the specification is an absolute prohibition.

= “Should” means that there may ke valid reasons in particular circumstances to ignore the specification,
but their-full implications inust be understood and carefully weighed before choosing to do so.

= “Should not”means that there may be valid reasons in particular circumstances that make the specified

action or feature acceptable, but their full implications must be understood and carefully weighed before
choosing to include it.

Specification Terms
2011-04-04 | © 2011 Apple Inc. All Rights Reserved.



CHAPTER 2

1G shuffle Interface Specification

Scope

This chapterspecities the electrical interfaces for both the top headphone jack (top) and the 9-pin USB A
(bottomj conneciors on the first generation (1G) iPod shuffle (see Figure 2-1 (page 9)). An external device
may charge theifod shuffle and accept its audio output when it is playing. However, it is not possible for
an external device to commuricate with eii control the 1G-iPod shuffle.

Figure 2-1 The 1G iPod shuffle

Headphone jack 9-pin USB.A connector

User and Service Accessibility

w

There are no user serviceabie items.in the 1G iPod shuffle.lts enclosuie is not designed to be opened.

Nine-pin USB A Connector.

The 9-pin iPod 1G shuffle connector is compatible with a standaid {4-pin) USB A connector. Five additional
pins have been added, as shown in Figiure-2-2 (page 10); The-additional pins provide left and right audio
channels and audio return; two pins are reserved for future use.

Scope 9
2011-04-04 | © 2011 Apple Inc. All Rights Reserved.



CHAPTER 2

1G shuffle Interface Specification

Figure 2-2 1G iPod shuffle connector

The pin numbering of the 1G iPcd shuffle’s\9-pin connecior, from left to right, is 9-4-8-3-7-2-6-1-5. Pin
assignments are shown in Table-2-1-{page 10).

Table 2-1 1G shuffle connectar pinout
Pin | Signal name F:n;:n O\
1 USB 5V USB power te.iPod 7
2 | USBD- USB signai )
3 | USBD+ USB signal — -
4 | GND = tISB and chargert;round

5 Reserved for future use | No'connection

No ¢onnection

|
1
6 Reserved for future use |

7 | HP_COMMON Headphone audio return (do not ground in-accessory)
8 HP_L Headphone audio output, left channel
9 | HP_R Headphone audio outrut, rignt ¢hannel

External Power

The 9-pin connector interface to the 1G iPod shuffle is designed to function as a Hi-Speed USB device compliant
with the USB Mass Storage Class specification. If a device is to power the shuffle, and it does not communicate
with the shuffle using the USB data pins (or pass through those pins, as in a dock), D+ and D- should be
connected in the device as shown in Figure 2-3 (page 11) or Figure 2-4.

10 Nine-pin USB A Connector
2011-04-04 | © 2011 Apple Inc. All Rights Reserved.



CHAPTER 2

1G shuffle Interface Specification

Figure 2-3 D+ and D- connections for 500mA USB power supply

Accessory iPod

USB Vbus

75.0k 1%

()
USB Vbus

49.5k 1%

- ®

499k 1%

If the device can source 1 A (maximum), cannect the D+'2nd B-pins as shown in Figure 2-4.

Figure 2-4 D+ and D- connections for- 1A USB power supply
Accessory iPod
USB Vbus —‘
|
75.0k 1%

USB Vhus »

43.2k 1%

49.9k 1%

49.9k 1%

USB 5V Power Connection

The nominal +5V power source of the accessory device should be USB Vbus power. For more information
about USB power, see the USB Implementers Forum’s Universal Serial Bus website.

USB power supplies are required to use appropriate resistors as shown in Figure 2-3 and Figure 2-4. The iPod
needs these resistors to determine how current is supplied. To prevent electrical problems, some iPod models
will not charge if the attached power supply lacks these resistors.

Nine-pin USB A Connector n
2011-04-04 | © 2011 Apple Inc. All Rights Reserved.
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1G shuffle Interface Specification

Audio Connector

12

Figure 2-5 shows the audio (headphone) plug and pin assignments for use as an audio connector with the
1G iPod shuffle.

Figure 2-5 1G audio connector

_ Headshone detect

< Audig ret
udic return
e NV
/ Audio, right
/ Audio-lefl
r/

Pin connections through the 1G iPod shuffie's-audio connector are’shown in Table 2-2 (page 12).

Table 2-2 1G shuffle audio connections

Signal name | Function

HP_L Headphone-audio output, left channel

HP_R Headphone audis-output, rigit channel

HP_COMMON | Headphone audio reiurn (do not ground in accessory)

HP_DETECT Used by iPod to deteci presence of headphories

1G shuffle Audio Output Specification

The audio output of the 1G iPod shuffle conforms to these specifications:

= Stereo output, ~10 mW per channel when driven into a 32 ohm load.
= Direct-drive (DC-coupled).

= Audio voltage rail varies from 1.4 V to 1.7 V (volume dependent).

= Output volume controlled by iPod.

= Audio is available simultaneously from the 9-pin USB A and Audio connectors.

Audio Connector
2011-04-04 | © 2011 Apple Inc. All Rights Reserved.



CHAPTER 3

2G shuffle Interface Specification

Scope

This chapterspecifies the electrical interface for the 4-pin connector on the second generation (2G) iPod
shuffle (see Figure 3-1 (page 13)).Aa external device may either charge the iPod shuffle or accept its audio
output when it is playing; it cannot da both at the same time. It is not possible for an external device to
communicate with or control the 2GiPod shuffle.

WARNING: To avoid damaging othei equipment, desighers-of external devices that plug into the 2G iPod
shuffle must be aware of the cautions inthis specification. See “ESD Protection” (page 16) and “Connector
Protection” (page 17).

Figure 3-1 The 2G iPod shuffle ana dock

User and Service Accessibility

There are no user serviceable items in the 2G iPod shuffle. Its enclosure is not designed to be opened.

Analog Audio/USB Connection

The 2G iPod shuffle 4-pin 1/O jack is designed to accept a 3.5 mm stereo headphone plug. The jack functions
as a single hardware interface to both the analog audio output function and the USB function, but only one
of these functions can be active at any time.

Scope 13
2011-04-04 | © 2011 Apple Inc. All Rights Reserved.



CHAPTER 3

2G shuffle Interface Specification

information.

Warning: Accessories that provide a power connection or USB connection through the I/0 jack must
~~ be designed to prevent damage to other electronic devices. See “ESD Protection” (page 16) for important

The contacts (pins) of the 1/0 jack and their signal assignments are listed in Table

3-1 (page 14).

Table 3-1 2G shuffle connecter pinouts
Pin I-\udioi:-;ig nal Audij function USB signal | USB function
1 I-;I;_Lii He;dphone audio output, left channel USB D- USB data signal
2 |HP_R Headpho;audio output, right channel USB D+ USB data signal
3 | HP_COMMON | Headphone audio return. Do riot gi'ou7nd in | GND USB and charger ground
accessory.
4 | N/A USB 5V USB power to iPod

The USB function of the 2G iPod iPod shuffleis compliant witti the USB Mass Storage Class specification for

a Hi-Speed USB device.

Figure 3-2 (page 14) shows the pin numisering for a plug compatible with the iPod shuffle 1/0 jack.

Figure 3-2 I/0 plug for 2G iPod shuffie

_Piri4

_Pin3

Pir 2

/ Pir-
f/

Analog Audio Output Specification

The analog audio output of the 2G iPod shuffle conforms to these specifications:

®  Stereo output, ~12 mW rms per channel when driven into a 30 Q load.

= AC-coupled.

®  Output voltage (0 dBFS): nominally -4.5 dBV into 30 Q (600 mV rms, 1.7 V pp).

= Output volume is controlled by the iPod.

= Analog audio output is not available while the iPod is in USB mode.

14 Analog Audio/USB Connection
2011-04-04 | © 2011 Apple Inc. All Rights Reserved.




CHAPTER 3

2G shuffle Interface Specification

External Power

If a device is to power the shuffle but does not communicate with the shuffle using the USB data signals or
pass those signals through (as in the case of a dock), D+ and D- should be connected in the device as shown
in Figure 3-3 (page 15) or Figure 3-4 (page 15).

Figure 2-3 D+ and D- connections for 500mA USB power supply
Accessory iPod
USB Vbus
75.0k 1%
|
- { D+
USB Vbuis
499k 1%
75k 1%
= /=
49.9k 1%

If the device can source 1 A (maximum), connéct the/D+-and D- piris-as shown in Figure 3-4 (page 15).

Figure 3-4 D+ and D- connections for 1A USB power supply

Accessory iPod
[
USB Vbus
75.0k 1%
Ciyee
USB Vbus )
499k 1%
432k 1%

499k 1%

Analog Audio/USB Connection 15
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CHAPTER 3

2G shuffle Interface Specification

USB 5V Power Connection

The nominal +5V power source of the accessory device should be USB Vbus power. For more information
about USB power, see the USB Implementers’ Forum’s Universal Serial Bus website.

USB power supplies are required to use appropriate resistors as shown in Figure 3-3 (page 15) or Figure
3-4 (page-+5). The iPod needs these resistors to determine how current is supplied. To prevent electrical
problems, some iPod models willnot charge if the attached power supply lacks these resistors.

ESD Protection

Accessories that provide a power ceitnection or USB connection through the 1/0 jack must be designed to
prevent damage to other electronic-devices. The plug orn these accessories is normally unshielded. This means
that when it is not plugged into the-shuifle it may pick up an electrostatic discharge (ESD) from the
environment. Such a discharge couid damage other equipmeit, such as a computer connected to the plug.

The dock that Apple ships witheack-2G iPsd shuffle cantains ESD protection circuitry designed to minimize
this risk. The schematic d|agram F iguie 3-5(page 16) show example circuitry recommended to avoid ESD
problems in accessory devices.

Figure 3-5 Recommended 2G iPod shuffle’dock circuitry
USB connector 4-pin
3.5mm plug
1d = F1 —~—
Vbus —_—4

2\\ 1 -3

a2

|
/ —/
T e
F1 1.1 A resettable fuse; Littlefuse 1266L110 recommiended
D1 100 pF ESD Suppressor; Amotech-Eiectronics AVLC 5M 02 100 or TDK AVR-M1005C080MTABB

recommended

D2, D3 | 0.25 pF ESD suppressor; Tyco Electronics PESD0402-060 recommended

1 0.01 pF ceramic capacitor, 10%, 16 V, X7R

2 10 uF ceramic capacitor 10%, 16 V, X5R

L1 0.25 Q (DQ) ferrite bead; Murata Corporation BLM18EG601SN1 recommended

16 ESD Protection
2011-04-04 | © 2011 Apple Inc. All Rights Reserved.
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2G shuffle Interface Specification

Fuse F1 (in Figure 3-5 (page 16)) protects the host computer in the event of a short between the power
(Vbus) and ground (GND) pins when an iPod shuffle is not connected to the dock. ESD suppressors D1, D2,
and D3 prevent damage to a host computer when the dock plug is exposed; note that D2 and D3 have lower
capacitance than D1 to prevent degradation of the 480 Mbps USB D+ and D- signals. Capacitor C1 and ferrite
L1 reduce radiated emissions from the iPod shuffle and the dock. Capacitor C2 preserves USB stability during
an ESD event.

“\\| Warning: Failure to provideESD protection could result in damage to the user’s computer.

Connector Protection

The dock from Apple is keyed to the 2GiPod shuffle; thats, it features molded ridges that physically prevent
its connection to any iPod otherthaiia 2G shuffle, thus preventing inadvertent damage from contact with
the USB power pin.

Designers of external devices intended to piug into the 2G shuffle should adopt similar safeguards to prevent
the device from being connected tc a2-different iPod model. The 2G iPod shuffle dimensional drawing may
be helpful in this regard.

Connector Protection 17
2011-04-04 | © 2011 Apple Inc. All Rights Reserved.
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18 Connector Protection
2011-04-04 | © 2011 Apple Inc. All Rights Reserved.



CHAPTER 4

3G shuffle Interface Specification

This chapterspecifies the electrical interface for the 4-pin connector on the third generation (3G) iPod shuffle
(see Figure 4-1, below).

Functional Description

The 3G iPod shuffle is charged througti the same Apple-supplied USB cable that connects it to the user’s
computer and iTunes library. An accessary cannot charge the 3G shuffle. Charging it and synchronizing it to
the user’s computer is accomplished only oy Apple proprietary technology.

An external accessory can accept-the shuffie’s audio output when it is playing, and it can control the 3G
shuffle’s playback volume by means.cf the remote butteti-system described in Appendix C, “Headphone
Remote and Mic System” in iPod Accessery Protocol Interfate Specification.

Figure 4-1 The 3G iPod shuffle

User and Service Accessibitity

There are no user serviceable items in the 3G iPod shuffle. Itsenciosure is not designed to be opened.

Analog Audio Connection

The 3G iPod shuffle 4-pin 1/O jack is designed to accept a 3.5 mm stereo headphone plug. The jack functions
as a single hardware interface to both the analog audio output function and the headphone remote and mic

system. The plug and its pin numbering are shown in Figure 4-2. The contacts (pins) of the I/O jack and their
signal assignments are listed in Table 4-1.

Functional Description 19
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Figure 4-2 I/0 plug for 3G iPod shuffle

——Plug Diameter
3.50 +0.03/-0.05 mm

i 7
Plug'length

14.00 %0610 mm “p|
All flanges on connector /

- ive <
must be non-conductive <—_____

/ \ Pin4

Dimensions of the iPod 3G shuffle’s I/G plug not shown in Figure 4-2 must be compatible with Electronic
Industries Association of Japan specification EIAJ RC 5325A.

WARNING: The outermost shell (hand-grip) shiown in Figure 4-2; including its face, must be made of
nonconductive material.

Table 4-1 3G shuffle connector pinouts
Pin | Signal Function ( N
1 HP_L Headphone audio outplEIeft channel a
2 | HP_R Headphor;audio output, right d;nel

3 | HP_COMMON | Headphone augic'return. Dc not groundin accessory.

4 REMOTE Playback control lina (see below):

All headphone accessories designed to the Specification in-iPod Accessory Protocol Interface Specification
Appendix C, “Headphone Remote and Mic 5System,” provide remote control of the shuffle’s playback and
volume through pin 4 of its connector. The ceifrol current must-be between 210 and 500 pA, measured into
a circuit pulled up to 2.7 V through 2.21 klilf.the accessory has a microphone, the shuffle ignores it.

Audio Output Specification

20

The analog audio output of the 3G iPod shuffle conforms to these specifications:

®  AC-coupled stereo output, ~12 mW rms per channel when driven into a 30 Q load.

®  Output voltage (0 dBFS): nominally -4.5 dBV into 30 Q (600 mV rms, 1.7 V pp).

Audio Output Specification
2011-04-04 | © 2011 Apple Inc. All Rights Reserved.
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3G shuffle Play Controllers

Thirg=party developers may develop play controllers for the iPod 3G shuffle. These accessories must plug
intothe 3G shuffle, using the plug specified in Analog Audio Connection (page 19), and must provide as
their:audio output a 3-pin-only jack or 3-pin-only plug for other listening equipment. The play controller’s
internal-circuitry must be as shown in Figure 4-3.

Figure 4-3 Play controlier circuit
' R6
B1 .
MIC AN % _T_ * Py o Pin 4
R2 c2
<
o1 T
VSHUNT —ﬁ_
:.,_ C1 R3
Tone AL
U1
c2
MICPWR —— NC I
R1
B2 L
Ve A
REM AN —e———
R4 % D1
GND sy 5
A2 of k o
Y
St I S2 ]"so
——9— ® P o Pin3
Return i
Re |
Right ?L o Pin2
= w
-
N
Left A L o Pin 1
J1 Shuffle Plug

The values of the components shown in Figure 4-3 (page 21) must be those listed in Table 4-2.

Table 4-2 Play controller circuit components
Symbol | Description Notes
1 Capacitor, 0.1 yF £10%, 6.3 V Ceramic
() Capacitor, 220 pF £5%, 25V Ceramic

3G shuffle Play Controllers
2011-04-04 | © 2011 Apple Inc. All Rights Reserved.
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Symbol | Description Notes
D1 ESD protection diode, 5 pF, 6.1 V | ST Micro ESDALC6V1-1BU2; install as close to chip pin B1 as

‘ possible

W 1

I ! 5-conductor audio jack or plug The detect connection is not used. To minimize crosstalk,

‘ the signal return between J1 and the shuffle plug must use

a separate conductor.
R1 Resistor, 6.81 K}:0.5%, 1/20 W
R2 Resistor, 6.81 k1%, 120 W
R3 Resistor, 6.81 kl+1%,1720 W
R4 Resistor, 2.61 k[+0.5%,1/20 W
R6 Resistor, 49.9 1%, 1/20W
R7 Resistor, 100 [£5%, 1/20 W Required to nriinimize a potentially damaging low-impedance
2.7 V “pop” while the shuffle connector is being inserted or
R8 Resistor, 100 [t5%, 1/20 W extracted.
|
SO Dome switch || Play/pause, rniext/previous track, voice-over
N\ /

S1 Dome switch | Volume down
S2 Dome switch Volume up
U1 Headset interface transmitter chip/| Provided by Apple.

Charging Accessories

Third-party developers may provide charging accessories for the 3G iPod shuffie that use the connector
specified in Analog Audio Connection{cage 19). The electricai requirements for such accessories are specified
in Charging Accessories for the 3G shuffie {page 23).

22 Charging Accessories
2011-04-04 | © 2011 Apple Inc. All Rights Reserved.




APPENDIX A

Charging Accessories for the 3G shuffle

The technology defined in this-appendix supports the design of accessories that charge the iPod 3G shuffle
through its headphone jack-

Every charging accessory for the-3G shuffle must contain a receiver chip provided by Apple. The receiver
chip negotiates with a transmitter chip inside the shuffle. It turns on the 5 V charging current only when the
shuffle sends it a message indicating that it is safe to do so. This prevents the accessory’s plug from shorting
out when it is not inserted, and from’delivering damaging current if it is inadvertently inserted into a device
other than the 3G shuffle.

Note: Charging accessories that/use this technology must be tested and certified. The required tests are
specified in “Design Certification” (page29).

This appendix specifies the receiver chip and its required’external circuitry that must be included in the
charging accessory. The corresponding transmitter functionaiity-is-implemented inside the iPod 3G shuffle.
The plug that the accessory must use to.connect o the shuftle is specified in “Analog Audio Connection” (page
19).

Receiver Chip

This section describes the charging accessory’s receiver chip. The minirnum external circuitry required to
implement the receiver is described in “Receiver Chip Exteriial Circuitry” (page 28).

Note: The receiver chip must be-obtaiiied from Apbple, referencing part number MFI33850530.

Overview

The receiver chip is a custom integrated-circuit in a QFN {RSE) package that negotiates with a circuit inside
the shuffle to open a USB Vg5 connectioriinto the shuffle fer a nominal +5 VDC charging current up to 200

mA. The chip operates in two modes, Mode 1-and Mode 2. In Mode 1, only a low-voltage low-current signal
is passed to the shuffle. After the current-siginating handshake between the shuffle and the receiver chip,
the chip switches to Mode 2, where full charging current is switched on. When the accessory is disconnected
from the shuffle, the chip reverts to Mode 1 within-240 ms.

Dimensions and Pin Assignments

Figure A-1 (page 24) shows the configuration of the receiver chip and its pad locations. Table A-1 (page 24)
identifies the electrical connections to the receiver chip. Table A-2 (page 25) lists the chip’s dimensions in
millimeters.

Receiver Chip 23
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Figure A-1

Pin 1 index area ——

Pin 1 identifier

Receiver chip configuration

10+ Yi_'_'_'s D

] T s

Seating Plane.

Seating he|grt

d

?

I
) |—>l [¢]
=

Bottom View

QHZLJ?L

Table A-1 Receiver chip connections
Pads | Name | Description " ]
1,2,3 | Vcc/IN | Supply voltage / USE:-Vysinput voltage
4,5 GND Ground o N\
6 EXTCAP | External capacitor
7,8,9 | OUT Protected Vg5 output voltage
10 NPG Negative protection gate (

Receiver Chip
2011-04-04 | © 2011 Apple Inc. All Rights Reserved.
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Charging Accessories for the 3G shuffle

Table A-2 Receiver chip dimensions in millimeters
L'Symbci (Figure A-1) | Maximum | Nominal | Minimum
W 2.05 195

D 1.55 145

H 0.60 0.50

my C 0.05 radius

m 0.0—5— - 0.00

a = ] 1,50

b 0:50 —|

C 040 0.30

Pin 1 identifier 7;10 at45°

e 0.35 0.25 T

f 0.30 ) 0.20 1

g 0.25 5 0,15

k 045 0.35

Maximum Voltage and Current Ratings

Table A-3 (page 25) gives the receiver chip’s maxiinuniallowable values forsupply voltage, input current,
storage temperature, and electrostatic discharge. Exceeding these values may cause permanent damage to

the chip.

Table A-3 Absolute maximum ratings
Name De;iption Maximum value
Vee Supply voltage range = -03Vto16V
N Input current 05A
Tstg Storage temperature range -65°Cto 150°C
ESD Electrostatic | Human-body model (IEC0134()-3-1 :2002 Level 2) | 2000V

discharge Charged-device model (JE?DZZ-C101 -A Level lll) | 500V
Receiver Chip
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Recommended Operating Conditions

Table A-4 (page 26) lists the receiver chip’s recommended operating conditions.

Table A-4 Recommended operating conditions

Name | Description Minimum | Typical | Maximum | Unit
Ve Supply voltage 4.25 5 5.5 \Y
Ta Operating free-airtempgerature | 0 70 °C
Mode of Operation

Figure A-2 (page 26) shows the timirng of the negotiation between the receiver chip and the shuffle. This
timing assumes that USB Vg g 5V is cenitected to the chip before the chip’s implementation circuit is

connected to the shuffle.

Note: Voltage, current and timing values may vary and are-provided for reference only.

Figure A-2 Handshake timing

5V
usB Veus
0V m—
5V r
VOUT 29V I ~
oV
30 mA N il iPod current (state dependent
vOouT Current - ' L (Stefe dependent
N\
- gl uUsB VBUS power to iPod
20 ms 650 ms 650 ms
Mode 1 ——— — Mode 2 ———

As shown in Figure A-2, the accessory provides 2.9 V to the shuffie plug 20 ms after full 5 V USB power is
applied to it. The current output at that stage is limited to 20 mA. 650 ms later the shuffle begins to send a
pulse code to the accessory, which continuesferanother 650 ms. After verifying the pulse code, the receiver
chip in the accessory switches on the full 5 Vcharging current to the shuffle through its audio connector.

Table A-5 (page 27) lists the receiver chip’s electricai characteristics in Mode 1, before it has negotiated with
the transmitter in the iPod 3G shuffle. Table A-6'\(pageZ7; shows the chip’s DC characteristics in Mode 2,
after a successful negotiation, when it is ready to'supply charging power to the shuffle.

The values in both tables are valid over the chip’s free-air temperature range of 0° to 70° C.

Receiver Chip
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Table A-5 Electrical characteristics in Mode 1
T\
Nam2 | Parameter Test conditions Minimum | Typical | Maximum | Unit
! /
DC specifications
ovp Overvoltage protection 55 6 \
trip point
OVPpys | Overvoltage protection Vy=0viheV, 60 mV
tri int hyst i
rip point hystefesis 16V YV
lcc Supply current No load, Vcc =5.25V 100 130 MA
|
[
Vo Activation voltage OUTPUT, I opp =5 WA 2.7 3.1 \Y
lomax) | Current limit Output shorted to GND, V¢ | 4 20 mA
=525V
AC specifications
tyalid Startup delay time From V¢ valid to QUTPYT 20 ms
\
227V i
tgisovp) | OVP disable time INPUT =55V to 16 V 040 ms
tms Mode switch time Currentpulse to mode 0.150 0.5 0.800 s
switch
JL— |~
Table A-6 Electrical characteristics in Mode 2
Name | Parameter Test conditions Minimum | Typical | Maximum | Unit
OvpP Overvoltage protection trip 5.5 6 \"
point
OVPpys | Overvoltage protection trip V=0V devV, 60 mV
point hysteresis EVDY
Al
lcc Supply current (In—loyT) | Vee=525V 100 160 pA
Ron On resistance logr=290 mA, 150 300 mQ
VC('. — 50 Vv
tms Mode switch time Currenit-pulse removal 240 ms
to modie switch
tsew Slew rate, gate of pass 100 V/ns
transistor
Receiver Chip 27
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Receiver-Chip External Circuitry

28

Figure A-3 (page 28) shows the minimum circuit required in a charging accessory to support the required
receiver chip.

Figure A-3 Minimum implementation circuit
USBY Qi Receiver Chip Charge/Sync Audio Plug
BUS | Veo/IN_ our ] Vour
! 1
I fVee/IN| Control | | OUT 3 J

a Internal
L AMee/IN| lout
cz 1-|J— Power
L c
T

Star-Tie ground
and shield

HWe
=W
2

EXTCAP.
GND |

04I | =

= .

=
-

ot USB Data D+

O USB Data D-
USB GROUND

To USB host or iPod USB charge brick

USB SHIELD

S

WARNINGS: Total DC resistance for the charging current between Vgs-and USB ground from the source

to the audio plug must not exceed 900 milliohms, including the receiver chip’s-worst-case resistance of 300
milliohms.

Total capacitance between Vg1 and GND must be 0.1 uF £20%.

Table A-7 Circuit components

Symbol | Description i Ngies

|

——

1 Capacitor, 1 yF, 16 V |

N— —
() Capacitor, 1 yF, 16 V
a3 Capacitor, 0.1 pF, 6.3 V £20% | Ceramic capacitor close to the receiver chip.
c4 Capacitor, 0.1 pyF, 6.3V
Q1 MOSFET, 20 V Negative voitage limiter, such as Fairchild FDMA520PZ.
R1 Resistor, 470 k0

Receiver Chip External Circuitry
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Desigrn Certification

This section describes the testing procedures for signal line capacitance and charging current shutoff that
must be performed on every new design of a charging accessory for the iPod 3G shuffle. These tests must
be conducted by the third-party licensee. The licensee must then self-certify the results and include a copy
of that certification in the self-certification documentation sent to Apple.

Signal Line Capacitance

Ring 4 of the accessory plug specified in “Analog Audio Connection” (page 19) passes information between
the receiver chip in the accessory and the transmitter circuitry in the 3G shuffle. Its passive capacitance to
ground (ring 3) must be verified to ke within £20% of 0.1 LF, as specified in Table A-7 (page 28).

Charging Current On and Off

The charging accessory’s power output miist operate correctl in both Mode 1 and Mode 2, even when there
is electrical noise on its 5 V USB Vg5 power source. To verify this requirement, use a function generator to

inject a 200 mV peak-to-peak 150 kHz triangle waveform oveithe 5V source. At the same time, the current

output from the accessory must be monitered. When the accessory is plugged into the shuffle, it must provide
charging current of +5 VDC at current drains up-to 200 mA. Wherrit is unplugged from the shuffle its electrical
characteristics must return to Mode 1 within-240 ms, as specified by the ¢, parameter listed in Table A-6 (page

27). The Mode 1 electrical characteristics to whiich-the accessory must return are shown in Table A-5 (page
27).

Design Certification 29
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Document Revision History

This table describes the changesto iPod shuffle Interface Specification.

Date | Notes

2011-04-04 Release R8: Updated "Notice of Proprietary Property" (page 7).

2009-05-04 R?Iease R7: Added appendix Charging Accessories for the 3G shuffle (page 23).
Added plug;utput to 3G sﬁfﬂe Flay Controllers" (page 21).

2009-03-31 Reieasé R6: Added chapter 3G siuffle Interface Specification (page 19).
Add; Table-1=1'(page 7) to/list shuffle model numbers and interfaces.

2006-10-30 Release R2: Added specificati;ns forthe 2G shuffle.

2006-03-21 Initial release.
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