PERICOM

PISUSB9281A

USB 2.0 Port Protection with Charger Detection
Description

Features

USB-device charger detector
Can tolerate USB3.0-PD with VBUS = 20V
USB Charging-type detection
Battery Charging 1.2 (BC1.2) — DCP
Battery Charging 1.2 (BC1.2) — CDP
Battery Charging 1.2 (BC1.2) — SDP
Apple 1A, 2A & 2.4A dedicated chargers
Samsung-Fast chargers
YD/T-1951 dedicated chargers
CEA-936 Carkit#1 and #2 chargers
Integrated Power FET
VBUS Tolerance up to 28V
1.7A Over-Current Protection (OCP)
VBUS Over-Voltage Protection (OVP)
Non-charging Accessory Detection
USB On-The-Go (OTG) detection
Mobile HDMI Link (MHL) device detection
Wide Supply Voltage Range 3V to 5.5V
I°C Programmability
Small Package:

W CSP 1.5x2.0-15L

B UQFN 3x4x0.5mm 20L

Applications

* Personal Media Players
* Mobile Phones
e Tablet

PI3USB9281A provides external detection for any USB-

device. The part can detect various chargers available in

the market, MHL accessories, OTG accessories, and car-
chargers per the CEA936 spec. It also integrates a power
switch with over-voltage and over-current protections.
The VBUSIN input pin can tolerate voltages up to 28V,
which is important for USB3.0-PowerDelivery enabled
ports. The new USB-3.0-PowerDelivery specification
supports voltages up to 20V.

The PI3USB9281A can operate over a temperature
range of -40 to +85<C.

Typical applications involve portable & consumer
applications, such as tablet, smart phones, digital
cameras, and notebooks with integrated Li-ion batteries

that charge via USB connectors.
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Figure 1. PI3USB9281A Block diagram
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Pin Configuration
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Pin Descriptions

Figure 2a CSP 1.5x2.0-15L with 0.4mm Pitch

Figure 2b UQFN 20L (3 x 4 X0.5 mm)

Name | Type | Default State | Description
USB Interface
DPH Signal Path Open D+ 5|g_nal switch pqth, dedicated USB port to be connected to the resident USB
transceiver on the device
DNH Signal Path Open D- S|g_nal switch pa_th, dedicated USB port to be connected to the resident USB
transceiver on the device
Connector Interface
ID Signal Path Open Connected to the USB connector ID pin and used for detecting accessories
D+ Signal Path Open %gr&r;ected to the USB connector D+ pin; depending on the signaling
D- Signal Path Open Connected to the USB connector D- pin; depending on the signaling mode
VBusin Power Path NA Input voltage supply pin to be connected to the VBUS pin of the USB connector
Power Interface
Vaar Power NA _Input voltage supply pin to be connected to the device battery output or to an
internal regulator
Vopio Power NA Baseband processor interface 1/0 supply pin
ENB Input Hi-Z System enable for the circuit (Active Low)
GND Power NA Ground
Charger Interface
Veusour| Power Path NA Output voltage supply pin to be connected to the source voltage pin on the charger IC
VsUsDET Opérd;‘li)ur?m Hi-Z Open-drain active LOW output when VBUSIN is valid
I°C Interface
SCL Input Hi-Z I°C serial clock signal to be connected to the phone-based I°C master
SDA | Open-Drain 1/O Hi-Z I°C serial data signal to be connected to the phone-based 1°C master
f 2
INTB | CMOS Output LOW Inte_rrupt active I__OW output usgd to prompt the phone baseband processor to read the 1°C
register bits, indicates a change in 1D pin status or accessory attach status
NC Hi-Z No Connection
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Maximum Ratings

Storage Temperature -659C to +1500C
Supply Voltage from Battery/Baseband 05Vio+65V
Supply Voltage from Micro-USB Connector 05V t0+280V
Switch 1/0 Voltage USB -10Vio+55V
Input Clamp Diode current 50mA
Charger Detect Pin Sink current (VBUSDET) 30mA
Switch 1/O Current (Continuous) USB 50mA
Switch I/O Switch Peak Current (Pulsed at 1ms Duration, <10% Duty Cycle)
USB, and All Other Channels 150mA
Charger FET 2A
ESD: HBM 3500V
HBM (USB connector pins; VBUSIN, D+, D-, ID t0 GND).......c.ccuvvvve 6500V

Recommended operation conditions

Note:

Stresses greater than those listed under MAXIMUM
RATINGS may cause permanent damage to the
device. This is a stress rating only and functional
operation of the device at these or any other
conditions above those indicated in the operational

sections of this specification

is not implied.

Exposure to absolute maximum rating conditions

for extended periods may affect reliability.

Symbol Parameter Min. Max. Units
VAT Battery Supply Voltage 3.0 5.5 \Y
VBAT TH Battery Supply Voltage Threshold - 3.0 \Y
VBusin Vgusin Pin Supply Voltage 4.0 55 Vv
Vobio Processor Supply Voltage 1.8 5.5 V
Vsw Switch 1/0 Voltage | USB Path Active 0 3.6 Vv
Cip Capacitive Load on ID Pin for Reliable Accessory Detection 0 1.0 nF
Ta Operating Temperature -40 85 T
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Switch Path DC Electrical Characteristics
Min and Max apply for T between -40<C to 85<C and T, up to +125<C (unless otherwise noted). Typical values are

referenced to Tp=+25<C

PI3USB9281A
rger Detection

Symbol | Parameter | Test Conditions | Min. | Typ. | Max. | Units
USB Data Switches (D+, D-)

Ronuse ‘ USB Switch On-Resistance |l oap = 8MA, Vp+/p.= 0V, 0.4V - 2.5 3.3 Q
USB Analog Signal Voltage Range Vpar=3.0 t0 4.4V 0 - 3.6 V
Charging FET Switch

Vgus_ i |[VBUSIN Detection Threshold Voltage, VBAT=3.6V, ENB=0V 3.1 35 3.7 \V

Vgus nys [VBUSIN Detection Hysteresis Voltage, VBAT=3.6V, ENB=0V 100 mV

Vow |Over-Voltage Protection (OVP) Threshold Voltage 6.2 6.8 7.2 \Y
. _ . VBUSIN:4-2V'5-OV1 ILOADzlAl CSP 15L - 100 150 mQ
Roncns | Charging FET On-Resistance " ° =1 2\/75 0V 1 oao=1A. OFN 201 - 150 | 200 | mQ
Over-Current Protection (OCP) _
loce Threshold Current® Veusn=oV 14 L7 2.0 A
Host Interface Pins (INTB, VBUSDET)
Vou Output High Voltage lon=2mA, Vga1=3.0 to 4.4V \(/),7>< - - Vv
DDIO
VoL Output Low Voltage lor=10mA, Vgar=3.0t0 4.4V - - 04 Vv
Current Consumption
No Accessory Static Current
’ - 20 30
Vear=3.6V,Veysin=0vV HA
\With Accessory Static Current
| Battery Supply Current ’ - 50 80
ce y SUpply Vear=3.6V,Veusin=0V HA
\With Accessory Static Current, i i 1 LA
Vear=3.6V,Veysin=5V
Battery Suppl
IstanDBY Standb))c Cu??e?]/t Vear=3.6V,Vausin=0V,ENB=3.6V - - 1 PA
lorr Power-Off Leakage Current  [Vea7=0V, V=0 t0 4.4V - - 10 A

lon(orR) Off Leakage Current Vea7=3.0 10 4.4V, 1/O pins=0.3V, 4.1V -0.1 0.001 0.1 A

l\pSHORT Short-Circuit Current?®  Mga7=3.0 to 4.4V, ID=0V - 5 - mA

Note:

1. On-resistance is the voltage drop between the two terminals at the indicated current through the switch.
2. Limits based on electrical characterization data.
Capacitance (T, = -40<C to 85<C)
Symbol Parameter Test Conditions Min. | Typ. | Max. | Units

Conuse D+, D- On Capacitance (USB Mode) Vgar=3.8V , f=1MHz - 4.0 - pF
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Switch AC Electrical Characteristics
Min and Max apply for T between -40<C to 85<C and TJ up to +125<C (unless otherwise noted). Typical values are
referenced to Tp=+25<C, Vgar=3.8V.

Symbol Parameter Test Conditions Min. |Typ. [Max. |Units
BWysg |-3dB Bandwidth of USB channel - 1300 - MHz
Orr OFF-Isolation USB Mode f=1MHz, Rs=50Q, C, =0 - -70 - dB
Active Channel f=1MHz, Rs=50Q, C, =0 - -70 -
Xrawk Crosstalk D+ to D- USBMode 1 10MHz, Re=500, C,=0 - -30 - dB
¢ Skew of Opposite Transitions of the Same | tr=tf=750ps (10-90%) at i 30 i s
SK®) | Qutput (USB Mode) 240MHz, C,=0pF, R,=50Q P
¢ Time When 1°C_SDA and I°C_SCL Both|_ 15 ] ] ms
12CRST | LOW to Cause a Reset
Time after INT Mask Cleared to “0” until
t INTB Goes LOW to Signal the Interrupt| ) 5 ) us
INTMASK™ | after Interruptible Event while INT Mask
Bit Set to “1”
Time from Vgygn Valid to Vgysour Valid
t with Charger FET Closed and USB See Figure 6 i 200 i ms
SDPDET | Switches Closed for USB  Standard g
Downstream Port
Time from Vpysy Valid to Vgysour Valid
tcheour |with Charger FET Closed for USB |See Figure 4 and Figure 5 - 200 - ms
Charging Ports(CDP and DCP)
Time from Vpgyginy Valid to Car Kit Type 1 .
fearkir | oy Type 2 Charger Detected YPE " see Figure 8 i 130 i ms
¢ Time from ID Not Floating to INTB LOW
IDPET 1to Signal Accessory Attached that is ID |See Figure 9 - 100 - ms
Resistance-Based Only (Vgysin Not Valid)
IC Controller DC Electrical Characteristics
Fast Mode (400kHz) .
Symbol Parameter Min. Max. Units
Vi Low-Level Input Voltage -0.5 0.3Vppio \%
Vg High-Level Input Voltage 0.7Vobio - \
Vhys Hysteresis of Schmitt Trigger Inputs xzz:gz;x 00'915\/\2'3"00 \Y
v Low-Level Output Voltage at 3mA Sink Current (Open- | Vppio>2V 0 0.4 v
OL1 Drain) Vppio<2V - 0.2Vopio
lioc Input Current of 1°C SDA and SCL Pins, Input Voltage 0.26V t02.34V -10 10 A
C Capacitance for Each 1/0 Pin - 10 pF
I2C AC Electrical Characteristics
Symbol Parameter Fast_Mode (400KHz) Units
Min. Max.
fsoL SCL Clock Frequency 0 400 kHz
tHDsTA Hold Time (Repeated) START Condition 0.6 - 83
tLow LOW Period of SCL Clock 1.3 - 83
thicH HIGH Period of SCL Clock 0.6 - 83
tseTsTA Set-up Time for Repeated START Condition 0.6 - 83
tHDDAT Data Hold Time 0 0.9 83
tseroar | Data Set-up Time® 100 - ns
t, Rsie Time of SDA and SCL Signals® 20+0.1C, 300
t, Fall Time of SDA and SCL Signals® 20+0.1C, 300 ns
tseTsto Set-up Time for STOP Condition 0.6 - 83
teur Bus-Free Time between STOP and START Conditions 1.3 - 83
tsp Pulse Width of Spikes that Must Be Suppressed by the Input Filter 0 50 ns
Notes:

1. A fast-mode 1°C-bus device can be used in a standard-mode 12C-bus system, but the requirement tsgrpat > 250ns must be met.
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This is automatically the case if the device does not stretch the LOW period of the SCL signal. If such a device does stretch the
LOW period of the SCL signal, it must output the next data bit to the SDA line tr_max + tsgrpar = 1000 + 250 = 1250ns
(according to the standard-mode 1°C bus specification) before the SCL line is released.

2. Cyequals the total capacitance of one BUS line in pF. If mixed with high-speed devices, faster fall times are allowed according
to the I1°C specification.

S0A

i

51Ty
TJHD:DAT HIGH SUSTO

Definition of Timing for Full-Speed Mode Devices on the 1°C Bus

Table 2. 1°C Slave Address
Name Size (Bits) Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit_O
Slave Address 8 0 1 0 0 1 0 1 R/W

Table 3 Register Map

Address| Register | Type ngjé Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
01H Del‘lgce Read | 00000000 Version ID : 00011 Vendor ID(Pericom): 000
Global
Switch Open Manual Switch Interrupt
Mask
Reserved: . Reserved: . Reserved: | 0: Does not
02H | Control \Ffveﬁ‘t’é 00011111 -Read xxx O'sv(airt’;?e‘;” -Read 1 C(?ﬁ f'lv'ﬁrr‘:t?('m -Read 1 Mask
-Write 000 -Write 1 g -Write 1 Interrupts
1. Switch 1: Automatic 1: Mask
based on configuration Interrupts
detection g P
OVP&OCP Reserved
Recovery OCP Event | OVP Event -Read xxx, -Write 000 Detach Attach
0: OVP and/or
0: No OCP | 0: No OVP .
03H | Interrupt Read/ 00000000 | OCP event not event event 0: No Interrupt
Clear recovered
l:géPe?/r;?]/tor 1: OCP 1: OVP Reserved: 1: accessory| 1: accessory
event event -Read xxx, -Write 000 detached attached
recovered
OVP&OCP OCP OVP Reserved: -Read xxx, -Write 000 Detach Attach
0: No Interrupt Mask
| R :
osH | 'nterruptiRead/t gohn0000 | 1iMask g0 11 Mask , 1:Mask | 1:Mask
Mask | Write OVP&OCP Reserved:
OCP Event | OVP Event : Detach Attach
Recovery . . -Read xxx, -Write 000 . .
. interrupt interrupt interrupt interrupt
interrupt
'To be continued.
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Register Map (Continuously.)

Address | Register | Type \F;zlsj; Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
usB usB . Reserved:
Charging | Charging gﬁ;r:étr -Read x, U?SBDI}Z)D?ta oTG MHL
(DCP) (CDP) -Write 0
Device Reserved 0: No Detect
0AH Type Read | 00000000 -Regd X, 1: USB 1: USB 1- USB 1: USB
-Write 0 | dedicated | charging Car Kit Reserved | standard |1: USB OTG or 1- MHL
charging port{downstream Charger -Read x, |downstream| Unidentified détecte d
(DCP) port (CDP) detected -Write 0 | port (SDP) |Devices detected
detected detected detected
Apple Charger Type Charger Type
Reserved: 0: No Detect 00: No connection
OEH Charger Read | 00000000 -Read xxx 1: 2.4A 1: 2A 1: 1A 01: Reserved Charger
Status Write 000 ﬁ\pple ﬁ\pple ﬁpple 10: Car Kit charger typel
charger charger charger .
detec%ed detec%ed detecgted 11: Car Kit charger Type 2
D- Connection D+ Connection V;gus Connection
13H I\S/lve\l/?thl?ll 5\?333/ 00000000 | 000: Open D- switch 000: Open D+ switch 00: Open VBUS switch
001: D- connected to DNH of USB port | 001: D+ connected to DPH of USB port| 11: Vgysour connected to Vusin
Reset
Read/ _ 0: No Reset
1BH® | Reset Wirite | X0001000 Reserved: -Read xxxxxxx, -Write 0000000 1: Reset
(Always
reads 0)
VBU§IN
_ 0: VValld Not Reserved: -
1DH | VBUS | Read | 00000000 Reserved: -Read xxxxxx, -Write 000000 {B/L;'I'é Read x, -
T Vousn Valid V110
after 100ms
Note:
1. Register address 04H, 06H, 07H, 08H, 09H, 0BH, OCH, ODH, OFH, 10H, 11H, 12H, 14H, 15H, 16H, 17H, 18H, 19H,
1AH, 1CH, 1EH, 1FH, 20H and 21H are reserved.
2. 1BH reset should not be applied during the cycle of the device detection. Normally, it would be applied at least 40ms
after the device detection completed.
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Functional Description

USB Port Accessory Detection List
Summarized below in Table 4 are the types of USB2.0 ports that PI3USB9281A can detect.

Table 4. ID and Vgygny Detection for USB Devices

i Q)
Veys | D+ D- S\L/JviStEh Min.ID Reswt._arr;(;e' to GND Vo Accessory Detected"”
X X X Enable GND GND GND oTG
X X X Disable 950Q 1kQ 1.05Q MHL

5V X X Enable 190kQ 200kQ 210kQ Car Kit Type 1 Charger®

5V X X Enable | 419.9kQ 442kQ 464kQ Car Kit Type 2 Charger®

5V 2V 2.1V Enable 3IMQ Open Open 1A Apple Charger

5V 2.7V 2V Enable 3IMQ Open Open 2A Apple Charger

5V 2.7V | 2.7V Enable 3IMQ Open Open 2.4A Apple Charger

USBBC1.2 DCP mode or Samsung

5V 3) (3) Enable 3MQ Open Open FAST Charger @

5V 3) (3) Enable 3MQ Open Open USB BC1.2 CDP Mode

5V 3) (3) Enable 3MQ Open Open USB BC1.2 SDP Mode
Notes:
1. The accessory type is reported in the Device Type 1 (0Ah) and Charger Status (OEh) registers with each valid accessory

detection.
2. Follows the ANSI/CEA-936-A USB Car Kit specification.
3. The PI3USB9281A follows the Battery Charging 1.2 specification, which uses D+ and D- to determine what USB accessory
is attached.

4. Samsung 1.2V fast charger will recognize as DCP attachment and enable the fast charging operation.
5. For devices with ID resistance other than those listed in Table 1, PI3USB9281A reports device attachment through I1°C to the

embedded controller. The Unknown devices are mapped to OTG such that data switches are turned on to allow embedded
controller to communicate and identify the unknown devices through USB protocols.

VBUSIN Detection Scheme

VBUSDET pin is used to indicate VBUSIN voltage level. The VBUSIN comparator stays awake in all cases including disable
state (ENB=HIGH) and dead battery case (VBAT=0V). Tables below summarize the detection behavior for VBUSIN detection.
All charger detections are disabled in disable state (ENB=HIGH). PI3USB9281A will undergo charger detection when the system
is recovered from disable state (ENB = Transit from HIGH to LOW).

Table 5 VBUSDET outputs

VBUSIN Voltage level VBUSDET
VBUSIN < 3.4V High Impedance
VBUSIN = 3.5V Low

Table 6. Power supplies and control

Power supplies and control Functionality

VBUSIN | VBAT Supply | ENB VBUSDET I°C & Registers | BC1.2 Detection
Low Low X(Don’t care) High Impedance Reset No charger plugin
High Low Low (Enabled) Low with 30us wake up time | Normal operation | Charger detected
High Low High (Disabled) | Low with 30us wake up time | Reset Detection disabled
High High Low (Enabled) Low Normal operation | Charger detected
High High High (Disabled) | Low Reset Detection disabled
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USB Port Detection Flowchart

Standby ID =GND OTG

MHL
D+ >2.35V
Y A\ 4
24 A 2A
CarKitl CarKit2 Apple Apple
Charger Charger
b4
Yes 1A
D->2.35V > Apple
Charger
Primary detect Secondary detec
D-=0.6V D+ =0.6V
A\ 4
SDP DCP CDP
Figure 3. Accessory detection flowchart
2015-04-0023 PT0529-3 05/29/15



P&ICOM(@ USB 2.0 Port Protection with ChaI:ISrUSStii?itﬁ

USB Port Detection Timing

The following figures show the attach timing of the USB after insertion of accessories and the relationship between the INTB
assertion and the VBUSDET assertion. PI3USB9281A has incorporated a Vgys de-bounce circuit that waits a settle time of the
USB cable.

Charger FET closed, INTB
Veusin=3.5V asserted and registers written

VgBusin VOItage

XX XXX XXX e X XXX

' Vpuysiy Valid 130ms , Charger detection 70ms

KA XX XX

Veusout P e ey P ------- - - - - - >
USB switch | Open Closed
INTB Pin | |
VBUSDET Pin |
Figure 4. USB Charging Downstream Port (CDP) Attach Timing
Charger FET closed, INTB
VBUSIN%3-5V asserted and registers written

Vgusiv Voltage

XX XXX XX e XXX X4 X XXX XX

200ms
Veusout P ittt >
USB switch | Open Closed
INTBPin ! J
VBUSDET Pin | !
Figure 5. USB Dedicated Charging Port (DCP) Attach Timing
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Veusin=3.5V

Charger FET closed, INTB
asserted and registers written

Vgusiv Voltage

XX XXX XXX e sing

KAXXKXXXXXX

200ms

Veusout P ittt >

USB switch | Open Closed

INTB Pin : J
VBUSDET Pin

Figure 6. USB Standard Downstream Port (SDP) Attach Timing
Charger FET closed, INTB
Veusin=3.5V asserted and registers written

Vgusin Voltage

XX XXX XXX e sing

KAXXKXXXXXX

Veusout ettt

USB switch

Closed

INTB Pin

VBUSDET Pin

Figure 7. Apple Chargers (LA/2A/2.4A) Attach Timing
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Charger FET closed, INTB
Veusin=3.5V asserted and registers written

Vgusiv Voltage
/7 N/ \_/ :
)oFeasaX X

)
:
I
Veusout e >
1
|
1
!
I
]
]
|
!
|
|
!
1

Switch State Open Closed

INTB Pin

VBUSDET Pin

Figure 8. Car Kit Type 1 and 2 Timing

N .

roaing X X X X X X

T Rl " EREELEED

INTB Pin |_|
PI3USB9281A PI3USB9281A !
remains silent for  performs ID
PD chip to do Detection
detection first
Figure 9. USB Power Delivery (PD) Cables and Other Accessories Detection Timing
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TYPICAL CHARACTERISTICS
Frequency response curve for USB switch channel (D+ to DPH,3db BW=1.3G))

S Dec 2013 11:42:41

£21, LOG 2 dB/ REF -4 dB 3:-3.2017 dB 1 364.769 946 MHz
E
CH1 Markers
1:-.26380 dB
cr | 1.3847B9948 GHz ||| |
2:-3.8873 dB
1.3126841 GHz
Avg %

16

START 1.800 608 MHz STOP 3 000.600 006 MHz

Eye diagram for USB 2.0 High Speed

Differential Signal, ¥

=1

00 02 04 06 03 1.0 1.2 1.4 16 1.8 20
= Time {x10*-9) s
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Mechanical Information

CSP 1.5x2.0-15L
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7 DATE: 10/09/13
(4 PERICOM
Mote: Erablag GOty
1. Ref.JEDEC MO-211C DESCRIPTION: 15-Pin, C5P, 1.5X2.0, Wafer Level
PACKAGE CODE: GE (GE15)
DOCUMENT CONTROLE: PD-2170 REVISION: —
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20-Lead UQFN (3x4x0.55mm)

D D1
| N17 NJ0
vl | -~
lﬂ:er::a- = i N0 T | ( N1
_____+_____ : 4 = _+___-__
! N11 | | ( NB %
‘ ! I! PKG. DIMENSIONS(MM)
| Nie [ T M SYMBOL|  Min Max
I«S.-I b A 0.55
Al 0.00 0.05
TOP VIEW BOTTOM VIEW A3 0.15 REF
D 3.008SC
4008SC
D1 1.60 1.70
! Et 260 270
<t ‘ | mm_rl_l_' b 0.15 0.25
I e 0.50 TYP
El 2 L 0.35 045
SIDE VIEW
(DMIMM‘ DATE: 06/18113
Note: Enealing  Osmatviy
1. Ref: JEDEC MO-288 DESCRIPTION: 20-Pin, UQFN,3x4
PACKAGE CODE: XW (XW20)
DOCUMENT CONTROL #: PD-2128 REVISION: —
Ordering Information
Part No. Package Code Package
PI3USB9281AGEEX GE 15-Pin 1.5>2.0>0.5mm CSP package, Tape & Reel
PI3USB9281AXWEX XW Lead free and Green 20-Lead 3>4>0.5mm UQFN package, Tape & Reel

Notes:
e« E =Pb-free and Green
« Adding X Suffix= Tape/Reel

Pericom Semiconductor Corporation * 1-800-435-2336 ¢ www.pericom.com
Pericom reserves the right to make changes to its products or specifications at any time, without notice, in order to improve design or performance and to supply
the best possible product. Pericom does not assume any responsibility for use of any circuitry described other than the circuitry embodied in Pericom product. The
company makes no representations that circuitry described herein is free from patent infringement or other rights, of Pericom.
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