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TSU8111 Dual SP2T USB 2.0 High Speed Switch with Single Cell Charger

1 Features
» Dual Single-Pole Double-Throw (SP2T) USB 2.0
High Speed Switch

— UART Path Supports either UART or USB 2.0
High Speed Signals

» Integrated Single-Cell Charger
— Integrated Low Dropout Linear Regulator
(LDO)
— 1% Charge Voltage Regulation Accuracy
— 8% Charge Current Accuracy

— Programmable Charging Current Limit up to
950 mA for Wall Adapters

» USB Battery Charging Specification v1.1 (BCvl.1)
Compliant Charger Detection

— VBUS Detection

— Data Contact Detection

— Primary and Secondary Detection

— USB Chargers (DCP, CDP, SDP) Supported
e 5-bit Accessory Detection on ID pin

— Automatic Switching by Accessory Type
+ I2C Interface

— Manual Switching Capability

— Interrupts Generated for Attach and Detach

— Supports Control Signals Used in
Manufacturing (JIG, BOOT)

e 28-V Tolerance on VBUS Pin With Overvoltage
Protection

* Thermal Regulation and Thermal Shutdown for
Output Current Control

 JESD 22 ESD Performance

— 12-kV Human Body Model
(VBUS/DP_CON/DM_CON/ID_CON)

— 2-kV Human Body Model (All Other Pins)
» |EC ESD Performance
— +4-kV Contact Discharge (IEC 61000-4-2)
(VBUS/DP_CON/DM_CON/ID_CON to GND)
e Surge Protection on
VBUS/DP_CON/DM_CON/ID_CON to GND
— Protects USB Connector Pins Without External
Components

2 Applications

» Mobile Phones

» Netbooks/Notebooks

e Tables

» Portable Handheld Devices

3 Description

The TSU8111 is a dual single-pole double-throw
(SP2T) micro-USB switch with an integrated linear
charger. The integrated charger eliminates the need
for an external charger IC, reducing cost and board
space. The device operates from either a USB port or
dedicated charger and supports charging currents of
up to 950 mA. Power for the device is supplied
through VBAT or through VBUS when attached. The
TSU8111 detects BCvl.1-compatible chargers as
well as accessories that use an ID resistor. The USB
switch matrix can be controlled either by automatic
detection or manually through I1°C.

Device Information®
PACKAGE BODY SIZE (NOM)
DSBGA (20) 2.14 mm x 1.76 mm

PART NUMBER
TSU8111

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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5 Pin Configuration and Functions

YFP Package
(TOP VIEW)

YFP Package
(BOTTOM VIEW)

ElO O OO OO OO
| OO0 OO | OO0 0O
cl OO OO cl OO 0O
8|O OOO 8|O O OO
AlO O OO, AlOO OO
4 3 2 1 1 2 3 4
Pin Functions
PIN

AT NO. 1/0 DESCRIPTION

BOOT B2 (@) BOOT mode used for factory test modes. Push-pull output (active high)

DM_CON Cc4 110 USB DM connected to USB receptacle

DM_HT D1 110 USB DM on device side

DP_CON D4 110 USB DP connected to USB receptacle

DP_HT El 110 USB DP on device side

GND A2, D3 — Ground

ID_CON E4 110 USB ID connected to USB receptacle

INTB C3 (@) Interrupt to host. Push-pull output (active high)

JIG Cc2 (@) JIG detection used for factory test modes. Open-drain output (active low)

RxD Ci 1/0 UART Rx — capable of passing USB 2.0 HS signals

SCL E3 [ 12C clock

SDA E2 /0 12C data

TxD B1 1/0 UART Tx — capable of passing USB 2.0 HS signals

VBAT A3, B3 | Supply voltage from battery

VBUS A4, B4 | Supply voltage from micro-USB connector. Charger is enabled when this supply is present.

VDDIO D2 | I2C and interrupt interface logic supply voltage

VLDO Al (@) Low dropout regulator (LDO) charger output
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) @
MIN MAX UNIT
VeaT -0.5 6
Supply voltage Vgus -0.5 28 \Y
Vgat +
Vowm_cons Vop_cons Vip_cons Vop_HT» Vom_HT -0.5 05@
Input-output terminal voltage, Vear + v
Vio VRxps VTxD -0.5 (B)f\ST(z)
Vspa -05 4.6
Vipbo -0.5 6
| Vv o5  Veard v
Output voltage G - 0.5@
Vinte: VBooT -05 4.6
| 1
BAT A
lsus 1
Input current Ik Analog port diode current -50 50
lik Digital logic input clamp current -50 mA
IscL -50 50
_ Ispa -50 50
:nput-output terminal current, lio(on) On-state continuous switch current -60 60 mA
10
lio(peak) On-state peak switch current -150 150
|
LDO 100
Output current lanD mA
IinTe: lBoOT —50 50

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) If Vpys is present without VgaT, then the absolute maximum voltage is Vgys + 0.5 V, and shall not exceed 6 V in total.

6.2 Handling Ratings

MIN MAX | UNIT
Tstg Storage temperature range —65 150 °C
Human body model (HBM), stress voltage™® \SEAU?;'O?\]PTSOCI\IC')N -12 12
v Electrostatic —~N P kv
(ESD)  discharge Charged device model (CDM), stress voltage @ All other pins -2 2
IEC-61000-4-2 contact discharge -4 4 kv

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

4 Submit Documentation Feedback Copyright © 2012-2014, Texas Instruments Incorporated

Product Folder Links: TSU8111


http://www.ti.com/product/tsu8111?qgpn=tsu8111
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SCDS335A&partnum=TSU8111
http://www.ti.com/product/tsu8111?qgpn=tsu8111

13 TEXAS
INSTRUMENTS

www.ti.com

TSU8111
SCDS335A —SEPTEMBER 2012—REVISED AUGUST 2014

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX| UNIT
VBaT 3 4.4
Supply voltage Vgus 4 6.5 Y
Vopio 1.65 3.6
Input-output terminal voltage, Vio | Vom_con: Vop_cons Vio_cons Vop_HT: Vom HT: Vrxo: V1xD 0 3.6 \%
ID pin capacitance Cpp 1 F
LDO output capacitance CiLoo 1
Operating free-air temperature Ta -40 85 °C
6.4 Thermal Information
TSU8111
THERMAL METRIC® YFP UNIT
20 PINS
Rgia Junction-to-ambient thermal resistance 70.3
Raic(top) Junction-to-case (top) thermal resistance 0.4
Rgig Junction-to-board thermal resistance 10.4 °C/W
Wit Junction-to-top characterization parameter 1.8
Wig Junction-to-board characterization parameter 10.4

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

6.5 Electrical Characteristics

Vgar =3V t04.4V, Vppo =28V, Ty, =—-40°C to 85°C (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS | MIN  TYP MAX| UNIT

USB and UART PATHS®
Ron On-state resistance Vi=0Vto36V,lg=-2mA, Vgar=3.6 V 8
ARon on-state resistarioe match Vi= 04V, lo=-2mA Vaar = 3.6 V 05 Q
Ronflat) On-state resistance flatness Vi=0V1t03.6V,Ig=-2mA, Vgar =36V 0.7 Q
lo(oFF) Off-state leakage current x' ?/SA:: Z 4\2?\7, 28\7V|\tf:r? ro\f'/fl =2.7V,Vo=03 45 nA
lioon) On-state leakage current \S/:/vzitccr)1PoEr1N’ Vo=0.3Vor2.7V, VeaT =44V, 50 nA
Ciorr) Off-state capacitance at input DC bias =0V or 3.6 V, f = 10 MHz, Switch off 4 pF
Co(oFF) Off-state capacitance at output | DC bias =0 V or 3.6 V, f = 10 MHz, Switch off 7.5 pF
Cion) On-state capacitance at input DC bias =0V or 3.6 V, f = 10 MHz, Switch off 8.6 pF
Coon) On-state capacitance at output | DC bias =0 V or 3.6 V, f = 10 MHz, Switch off 8.6 pF
BW Bandwidth R, =50 Q, Switch on 820 MHz
Oiso Off isolation f =240 MHz, R_ = 50 Q, Switch off -36 dB
XTALK Crosstalk f=240 MHZ, R_ =50 Q -35 dB
LINEAR CHARGER®
Vomoo eSS0 s v (28 F "

I°C register 22h [7:6] = 00 6
Vausoum, Xj?;ai I?\;eé_\\,gnage protection |zc reg?ster 22h [7:6] = 01 6.5 v

. 1°C register 22h [7:6] = 10 7
I°C register 22h [7:6] = 11 7.5

(1) Vo is equal to the asserted voltage on DP_CON and DM_CON. V, is equal to the asserted voltage on DP_HT and DM_HT pins. lg is

equal to the current out of the DP_CON and DM_CON pins. |, is equal to the current into the DP_HT and DM_HT pins.
(2) Fast charging current will fall below listed values when junction temperature rises above 85°C due to thermal regulation circuitry.
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Electrical Characteristics (continued)

Vear =3V 1t04.4V, Vppo =2.8V, Ty, =—-40°C to 85°C (unless otherwise noted)

Product Folder Links: TSU8111

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VeusovP i) iveshald for restar charging 320 mv
VPRECHG Pre-charge threshold voltage 2.5 \%
I2C register 20h [6:5] = 00 130
Venasn fggrr%t\e/ )restart threshold (default |zc rengter 20h [6:5] = 01 130 v
1°C register 20h [6:5] = 10 190
I2C register 20h [6:5] = 11 240
Vbo(Loo) LDO dropout voltage Vgus =4.5V, I, po =50 mA 150 mV
Vipbo LDO output voltage Vipo * Vpo(Lpo) < Veus < Veusovpr) 4.9 \%
ILpo LDO output current Vipo=0V 50 mA
IpPRECHG Default pre-charge current Vegar =2V 90 mA
Cipo LDO output capacitance 1 uF
TPRECHG Pre-charge timeout 30 min
I2C register 21h [3:0] = 0000 4
I2C register 21h [3:0] = 0001 4.02
I2C register 21h [3:0] = 0010 4.04
I°C register 21h [3:0] = 0011 4.06
I2C register 21h [3:0] = 0100 4.08
I°C register 21h [3:0] = 0101 4.1
I2C register 21h [3:0] = 0110 4.12
) I°C register 21h [3:0] = 0111 4.14
VseT Charging voltage > - — \%
1°C register 21h [3:0] = 1000 4.16
I°C register 21h [3:0] = 1001 4.18
I2C register 21h [3:0] = 1010 (default) 4.2
I°C register 21h [3:0] = 1011 4.22
I2C register 21h [3:0] = 1100 4.24
I°C register 21h [3:0] = 1101 4.26
I2C register 21h [3:0] = 1110 4.28
I°C register 21h [3:0] = 1111 4.35
I2C register 22h [3:0] = 0000 200
I2C register 22h [3:0] = 0001 250
I2C register 22h [3:0] = 0010 300
I2C register 22h [3:0] = 0011 350
I2C register 22h [3:0] = 0100 400
I2C register 22h [3:0] = 0101 (default) 450
I2C register 22h [3:0] = 0110 500
I°C register 22h [3:0] = 0111 550
lseT Fast charging current I2C register 22h [3:0] = 1000 600 mA
I°C register 22h [3:0] = 1001 650
I2C register 22h [3:0] = 1010 700
I°C register 22h [3:0] = 1011 750
I2C register 22h [3:0] = 1100 800
I°C register 22h [3:0] = 1101 850
I2C register 22h [3:0] = 1110 900
I°C register 22h [3:0] = 1111 950
Charging current accuracy -8% 8%
6 Submit Documentation Feedback Copyright © 2012-2014, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Vear =3V 1t04.4V, Vppo =2.8V, Ty, =—-40°C to 85°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
I°C register 22h [7:4] = 0000 50
I°C register 22h [7:4] = 0001 60
I°C register 22h [7:4] = 0010 70
I°C register 22h [7:4] = 0011 80
I°C register 22h [7:4] = 0100 90
I°C register 22h [7:4] = 0101 (default) 100
I°C register 22h [7:4] = 0110 110
I°C register 22h [7:4] = 0111 120
lFuLL Full charge current 2 - mA
1°C register 22h [7:4] = 1000 130
I°C register 22h [7:4] = 1001 140
I°C register 22h [7:4] = 1010 150
I°C register 22h [7:4] = 1011 160
I°C register 22h [7:4] = 1100 170
I°C register 22h [7:4] = 1101 180
I°C register 22h [7:4] = 1110 190
I°C register 22h [7:4] = 1111 200
I2C INTERFACE (SCL and SDA)
Vi4 High-level input voltage VDD'B ; Vppio \%
; Vopio *
Vi Low-level input voltage 0 0.3 \%
VoH High-level output voltage lon = -3 MA VDD'%; Vppio \Y
VoL Low-level output voltage loL =3 mA 0 0.4 \%
DIGITAL SIGNAL OUTPUTS - JIG, INTB, and BOOT
VoLaie) Low-level output voltage lor =10 mA, Vga1=3.0V 0.5 \%
VOH(INTB,BOOT) High-level output voltage lon =-4 mA, Vppio =1.65V 1.16 Vbobio \%
VOL(INTB,BOOT) Low-level output voltage loL =4 mA, Vppio = 1.65V 0 0.33 \%
CURRENT CONSUMPTION
VBAT standby current )
IpAT(standby) consumption Y Vaus = 0V, idle state 27 36| pA
VBAT operating current _ h
IBAT(operating) consumption Vgus = 0 V, USB switch closed 100 150 MA
laus \C/fniﬁn‘]’gg’g‘;‘]“”g current Vgus = 5 V, VBAT floating 06 075 mA
VOLTAGE PROTECTION
V under voltage — upper -
thBrgghold 9 PP Vgus rising 2.85
V \%
BUS(UVLO) Vpus under voltage — lower Ve < fall 255
threshold sus falling :
VBuUs(valid) Vpus interrupt threshold Vpus rising 3.6 \%
VpaT under voltage — upper .-
thBré;hold 9 pp Vgar rising 2.65
V \%
BAT(UVLO) VgaT Under voltage — lower Ves falli 2.45
threshold Ba 1alliNg :
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6.6 Timing Requirements

MIN

TYP MAX UNIT

fscL 12C clock frequency

64

400 kHz

6.7 Switching Characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ton Switch turn-on time From receipt of 1°C ACK bit 57 us
toff Switch turn-off time From receipt of 1°C ACK bit 5.2 us

6.8 Typical Characteristics

1000

900

800

700

600
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300

200

Actual LDO Output Current (mA)

100

— -40C
— 25T
85C

0

Vear =4V

0O 100 200 300 400 500 600 700 800 900 1000
ISET Curent Setting in Register 22h (mA)

VBUS =5V

Figure 1. Actual Fast-charging Current vs
Register Setting Across Device Temperature Range
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7 Detailed Description

7.1 Overview

The TSU8111 is designed to interface a portable device (PD) to external peripherals through a micro-USB
connector.

The device will automatically detect accessories via the mini-USB or micro-USB 5-pin connectors. The type of
accessory detected will be stored in the TSU8111’s I°C registers, and can be read by the host processor. The
TSU8111 has a network of USB 2.0 High Speed switches that can be automatically opened and closed based on
the accessory detected. See Automatic Switching Mode for details of which switches are closed during each
mode of operation. The TSU8111 also offers a manual switching mode through I1°C, allowing the host processor
to decide which switches will be opened and closed.The TSU8111 also provides a linear charger with a
maximum programmable charging current of 950 mA.

7.2 Functional Block Diagram

VBAT
T
VLDO |: Linear Power
Charger Management

State Machine

A

! /\ /\ /\
DP_HT N J ) VBUS
—o——f\-|
DM_HT Switch N N DP_CON
Matrix
RxD o—+1—" N DM_CON
—o
TxD ID_CON
VDDIO
SCL \ i
SDA I’C Interface
and
Hardware ) Accessory
INTB Control Lm{ Charger Detection Detection ADC |
JIG
BOOT
Copyright © 2012-2014, Texas Instruments Incorporated Submit Documentation Feedback 9
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7.3 Feature Description

7.3.1 Linear Charger

The TSU8111 has a linear battery charger with charging currents adjustable from 200 mA to 950 mA. If 3.7 V <
Vgus < 7.5 V and Vgys > Vgat + 250 mV, then the charger starts charging automatically. If Vgat < Vprecha, the
device starts with a pre-charge mode with a charging current of 90 mA. Once Vgt reaches Vpreche, the device
switches to fast charge mode with soft start. When Vst approaches Vger, constant-voltage (CV) charging mode
starts with programmed regulation voltage. At CV mode, if the charging current reaches the programmed full
charge current, the TSU8111 will generate an interrupt to the host indicating a full charge and will start the
charger shutoff timer. If the shutoff timer is disabled, the charger stays at CV mode until stopped by the host
processor.

Power on

Pre-charge phase . Charging
current is set by | precHc

Yes:

No

Charge with tPRECHG
lereche expired?

VBAT < Vpgechg ?

A 4

GoneEne Fast charge lphase. Charging
current(CC) current is set by | set

A

mode. Charge
with lggr

FCHGTM expired? Y

No

Yes

No

Yes

Constant-voltage (CV)
mode < lry. ?

No

Figure 2. TSU8111 Charger Flow Chart
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Feature Description (continued)
7.3.2 Voltage Protection

7.3.2.1 Overvoltage Protection

When Vgys rises above Vgysove), the linear charger is turned off, removing power from the circuit. The OVP EN
interrupt bit is set high when an overvoltage condition is detected. When the input voltage returns below
Vsus(ove) — Veus(ove(hys)) @nd remains above Vgysuvio) » the charger is turned on again.

7.3.2.2 Undervoltage Protection

The TSU8111 is powered off when Vgys and Vgar are below the lower thresholds of Vgysuvioy and Vearuvio):
When Vgut rises above 2.5 V, the device will be turned on but the linear charger will remain powered off. Both
the TSU8111 and the linear charger will only be turned on when Vgys > 3.7 V and Vgys — Vgat > 250 mV.

7.3.3 Power-on Reset

When power is applied to VBAT, an internal power-on reset holds the TSU8111 in a reset condition. When Vgt
reaches Vpog, the TSU8111 I2C registers and state machine initialize to their default states.

After the initial power-up phase, Vgar must be lowered below 0.2 V and then back up to Vppo to initiate a power
reset cycle.

7.3.4 Software Reset

To initiate a software reset on the TSU8111, perform the steps below:
1. Hold SDA and SCL low for at least 30 ms to reset the digital logic of the TSU8111.

2. Write a 1 to bit 0 of register 1Bh. This will reset the TSU8111, and the bit will be cleared after the reset. After
the reset, INTB will keep low until the INT Mask bit of register 02h is cleared.

7.3.5 Power Supervisor

The TSU8111 uses Vgar as the primary supply voltage. Vgys is the secondary supply. Vppo is used for 1°C
communication.

7.4 Device Functional Modes

7.4.1 Standby Mode

Standby mode is the default mode upon power up and occurs when no accessory is attached. During this time,
the VBUS and ID lines are continually monitored through comparators to determine when an accessory is
attached. If an accessory is attached, then the TSU8111 will enter either automatic or manual switching mode,
depending on bit 2 in register 02h.

7.4.2 Automatic Switching Mode

The TSU8111 uses a current source and an internal comparator to detect a resistance on the ID pin. The current
source creates V|p on the ID pin, which is compared to a changing Vggr input to the comparator. An incrementing
5-bit counter increases VREF until the comparator output changes. At this point, the TSU8111 latches the 5-bit
counter value and determines the accessory type from Table 1.

When the TSU8111 detects VBUS but no ID resistor, the TSU8111 runs charger detection on the DP and DM
lines. The TSU8111 can detect chargers compatible with the USB Battery Charging Specification version 1.1
(BCv1.1). The switch status for the BCv1.1 charger types can be found at the end of Table 1.
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Device Functional Modes (continued)
Table 1. Accessory and Charger Detection Lookup Table
SWITCH STATE
DETECTED RESISTOR 5-BIT BEVIBM FACTORY CABLE
ACCESSORY IMPEDANCE | TOLERANCE COUNTER
ON ID (kQ) (%) ADC VALUE DP_HT/ RxD / TxD JG BOOT
DM_HT

oTG 0 N/A 00000 ON OFF OFF OFF
MHL 1 5 00000 OFF OFF OFF OFF
Audio Device Type 3 28.7 5 01110 OFF OFF OFF OFF
Reserved Accessory #1 34 5 01111 OFF OFF OFF OFF
Reserved Accessory #2 40.2 5 10000 OFF OFF OFF OFF
Reserved Accessory #3 49.9 5 10001 OFF OFF OFF OFF
Reserved Accessory #4 64.9 5 10010 OFF OFF OFF OFF
Audio Device Type 2 80.27 5 10011 OFF OFF OFF OFF
Phone Powered Device 102 5 10100 OFF ON OFF OFF
TTY Converter 121 5 10101 OFF OFF OFF OFF
UART Cable 150 5 10110 OFF ON OFF OFF
Type 1 Charger 200 5 10111 ON OFF OFF OFF
Eascé"ry Mode Cable — Boot Off 255 5 11000 ON OFF ON OFF
Factory Mode Cable = Boot On 301 5 11001 ON OFF ON ON
Audio / Video Cable 365 5 11010 OFF OFF OFF OFF
Type 2 Charger 442 5 11011 ON OFF OFF OFF
Factory Mode Cable — Boot Off 593 5 11100 OFF ON ON OFF
UART

Factory Mode Cable — Boot On 619 5 11101 OFF ON ON ON
UART

Stereo Headset with Remote 1000.07 10 11110 OFF OFF OFF OFF
(Audio Device Type 1)

Monio/Stereo Headset (Audio

Device Type 1) 1002 10 11110 OFF OFF OFF OFF
No ID N/A N/A 11111 OFF OFF OFF OFF
é%BP)Sta”dard Downstream Port N/A N/A 11111 ON OFF OFF OFF
USB Charging Downstream Port N/A N/A 11111 ON OFF OFF OFF
(CDP)

Dedicated Charging Port (DCP) N/A N/A 11111 OFF OFF OFF OFF

7.4.3 Manual Switching Mode

Write a O to bit 2 of register 02h to enable manual switching mode. The switch status of DP and DM can then be
controlled by writing to register 13h [7:2]. See Register Map for details about switch status using register 13h.

7.5 Programming

The bidirectional 1°C bus consists of the serial clock (SCL) and serial data (SDA) lines. Both lines must be
connected to a positive supply via a pullup resistor when connected to the output stages of a device. Data
transfer may be initiated only when the bus is not busy.

I2C communication with this device is initiated by the master sending a START condition, a high-to-low transition
on the SDA input/output while the SCL input is high (see Figure 3). After the start condition, the device address
byte is sent, most significant bit (MSB) first, including the data direction bit (R/W). This device does not respond
to the general call address. After receiving the valid address byte, this device responds with an ACK, a low on
the SDA input/output during the high of the ACK-related clock pulse.
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Programming (continued)

Start Condition Stop Condition

Figure 3. Definition of START and Stop Conditions

The data byte follows the address ACK. The R/W bit is kept low for transfer from the master to the slave. The
data byte is followed by an ACK sent from this device. Data are the output only if complete bytes are received
and acknowledged. The output data is valid at time tpv after the low-to-high transition of SCL, during the clock
cycle for the ACK.

On the I2C bus, only one data bit is transferred during each clock pulse. The data on the SDA line must remain
stable during the high pulse of the clock period, as changes in the data line at this time are interpreted as control
commands (START or STOP). See Figure 4.

sbA  / X AN

SCL

Data Line |Change

Figure 4. Bit Transfer

A STOP condition, a low-to-high transition on the SDA input/output while the SCL input is high, is sent by the
master (see Figure 3).

The number of data bytes transferred between the START and STOP conditions from transmitter to receiver is
not limited. Each byte of eight bits is followed by one ACK bit. The transmitted must release the SDA line before
the receiver can send an ACK bit.

A slave receiver that is addressed must generate an ACK after the reception of each byte. The device that
acknowledges has to pull down the SDA line during the ACK clock pulse so that the SDA line is stable low during
the high pulse of the ACK-related clock period (see Figure 5). Setup and hold times must be taken into account.
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Programming (continued)

Data Output
by Transmitter _‘\ / >< >< c° j ( 7
NACK
Data Output ~Sa
by Receiver -
ACK
I
SCL From :
Master 0
: 1 2 8 9
: .-
LS. t
Start Clock Pulse for
Condition Acknowledgment
Figure 5. Acknowledgement on 12C Bus
7.5.1 Writes

Data is transmitted to the TSU8111 by sending the device slave address and setting the LSB to a logic 0 (see
Figure 6 for device address). The command byte is sent after the address and determines which register
receives the data that follows the command byte. The next byte is written to the specified register on the rising
edge of the ACK clock pulse.

Slave Address Sub Address Data Byte Data Byte
A A\ A A
SDA |ST| [ | 1 | 0 | [ | 1 | 0 | 1 I 0 | AI 0 | 0 | [ | 0 | 0 | 0 | 1 | 0 I A ID7|D6|D5|D4|DS|D2|D1|D0| A ID7|D6|DS|D4|DS|D2|D1|D0| A |SP|
~ \ 4 d ’ o Vv AN vV d
Start W/R Register Address ACK Data to Control ACK Data to Control Register ACK Stop
ACK from slave (Control Reg) from Register from from
Auto-Inc. slave slave slave

Figure 6. Repeated Data Write to a Single Register

Slave Address Sub Address Data Byte Data Byte
A A\ A\ A
SDA |sTJjoJ1jJojJojJ1jJoJ1JoJAfJ1jojojof1jojo]Jo]A]|D7|D6|D5|D4|D3|D2|D1|D0| A |D7|D6|D5|D4|JD3|D2|D1|DO| A
’ -~ v, v 4 ’ < v 7 ’ < V. 7 ’
Start W/R Register Address ACK Data to Timing Set 1 ACK Data to Timing Set 2
ACK from slave (Timing Set 1 Reg) from Register from Register
slave slave
Auto-Inc.

Figure 7. Burst Data Write to Multiple Registers

7.5.2 Reads

The bus master must first send the TSU8111 slave address with the LSB set to logic 0. The command byte is
sent after the address and determines which register is accessed. After a restart, the device slave address is
sent again but, this time, the LSB is set to logic 1. Data from the register defined by the command byte then is
sent by the TSU8111. Data is clocked into the SDA output shift register on the rising edge of the ACK clock
pulse, see Figure 8.
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Programming (continued)

Slave Address Sub Address Slave Address Data Byte
N N N N

FFr v T 7 e %
Start WR Register Address  ACK Re-Start WR Data from Interrupt 1 Reg.
ACK from slave (Interrupt 1 Reg) ~ from ACK from slave
Auto-Inc. slave Continued

Data Byte Data Byte
N\ 7\
A ID7|D6|DS|D4|D3IDZID1IDOI A ID7|D6|D5|D4|D3|D2ID1IDOINAISPI

Nl 4 V
Data from Interrupt 1 Reg. Data from Interrupt 1 Reg. Stop

ACK from master ACK from master No ACK from master (message ends)

Figure 8. Repeated Data Read from a Single Register — Combined Mode

SCL

Slave Address Sub Address Slave Address Data Byte
A

) | v T 7 T
Start WR Register Address ~ ACK Re-Start WR T Data from Inferrupt 1 Reg.
ACK from slave (Interrupt 1 Reg)  from Ack. from slave
Auto-Inc. slave Continued

Data Byte Data Byte
7\ 7\
A ID7|DG|D5|D4|D3|D2|D1IDOI A ID7|D6|D5|D4|D3|D2|D1|DOINA|SP|

Data from In}érrupt 2 Reg. Data from In‘t'Mask 1 Reg. Stop

ACK from master ACK from master No ACK from master (Message ends)

Figure 9. Burst Data Read from Multiple Registers — Combined Mode

Slave Address Sub Address Slave Address Data Byte
N\ N\ y. 7\ ~ \ N
soATSTf O TJoJo [ Jo T oJAJo ofoJofo o] 1 ATsPIST o] [0 o] o] ] A or[os]os[o4[os]oz[oi]00)-
N——l ~ Al -7
Start W/g Register Address AC*K Start W/R Data from Interrupt 1 Reg.
ACK from slave (Interrupt 1 Reg)  from stop ACK from slave
Auto-Inc. slave Continued

Data Byte Data Byte
7\ 7\

A ID7|D6|D5|D4|D3IDZID1IDOI A ID7|D6|D5|D4|D3ID2ID1IDDINAISPI

Data from In‘t'errupt 1 Reg. Data from Ir;t'errupt 1 Reg. T Sttp

ACK from master ACK from master No ACK from master (Message ends)

Figure 10. Repeated Data Read from a Single Register — Split Mode

SCL
Slave Address Sub Address Slave Address Data Byte
A\ N\ /\ N\
SDA [sTJjo|1]JojJoj1jJof1joJAJ1]JojJojJojofjofj1J1]JA|sP|sTjoj1|Jofjoj1]jo]j1]1]A|D7|D6]JD5]D4|{D3|D2|D1|D0
* < >, > * * < > >
Start WR T Register Address  ACK Start W/R Data from Interrupt 1 Reg.
ACK from slave (Interrupt 1 Reg)  from giop Ack. from slave
Auto-Inc. slave Continued
Data Byte Data Byte
/\ V- /\ N
A|b7]D6]D5[D4]D3]D2]D1[D0[ A |57 ]D6]D5]D4]D3[D2] D100 [NATSF]
Data from In‘tgrrupt 2 Reg. Data from In‘t'Mask 1 Reg. Stop
ACK from master ACK from master No ACK from master (Message ends)

Figure 11. Burst Data Read from Multiple Registers — Split Mode
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Programming (continued)

Additional notes on 12C interface:
1. SDAis pulled low on ACK from either the slave or the master.

o~ v

Register writes always require sub-address writes before the first data byte.

Repeated data writes to a single register continue indefinitely until stop or restart.
Repeated data reads from a single register continue indefinitely until no ACK from master.
Burst data writes start at the specified register address, then advance to the next register address, even to

the read-only registers. For these registers, data write appears to occur, though no data are changed by the
writes. After register 14h is written, writing resumes to register 01h and continues until stop or restart.

6. Burst data reads start at the specified register address, then advance to the next register address. Once
register 14h is read, reading resumes from register 01h and continues until no ACK from master.

7.6 Register Map®®

(1) Write “0” to the blank register bits.
(2) Values read from the blank register bits are invalid and undefined.

ADDR REGISTER TYPE \F;EEEE BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O

01h Device ID R 1011010 Version ID Vendor ID

02h Control R/W xxx11111 Switch Open Raw Data Manual Sw. Wait INT Mask

03h Interrupt 1 R x0000000 VBUS OVP EN LKR LKP KP Detach Attach
Stuck Key ADC Reserved .

04h Interrupt 2 R x0000000 OTP EN CONNECT RCV Stuck Key Change Attach AV Charging

05h Interrupt Mask 1 R/W x0000000 VBUS OVP EN LKR LKP KP Detach Attach
Stuck Key ADC Reserved .

h | Mask 2 R/W TP EN NNECT k K h ANV
06 nterrupt Masl / x0000000 O COl C RCV Stuck Key Change Attach Charging A/
07h ADC R xxx11111 ADC Value
08h Timing Set 1 R/W 0 Key Press Device Wake Up
09h Timing Set 2 R/IW 0 Switching Wait Long Key Press

Type 1/
0Ah Device Type 1 R 0 USB OTG DCP CDP Type 2 UART UsB VBUS MHL
charger
. Audio Audio / JIG UART JIG UART JIG USB
0Bh Device Type 2 R 0 Type 3 Video TTY PPD OFF ON OFF JIG USB ON
0Ch Button 1 0 7 6 5 4 3 2 1 Send End
0Dh Button 2 x0000000 Unknown Error 12 11 10 9 8
13h Manual SW 1 R/W 000000xx DM Switching DP Switching
14h Manual SW 2 R/W XXXX00XX BOOT SW ‘ JIG ON
1Bh Reset W 11111111 Reset
20h Charger Control 1 R/W 11000 CH DIS CHRSTTH CHENOV FCMEN l FCHGTM
21h Charger Control 2 RIW 11010 IFULL CV SET
22h Charger Control 3 RIW 11010101 OVPV AUTOSTOP ISET L ISET
24h Charger Interrupt R XXOXXXXX CH FAULT CH DONE CHCV CHFC CHPC CH IDLE
25h Charg&;'snlze"“pt RIW XXOXXXXX CHFAULT | CH DONE CHCV CHFC CHPC CH IDLE
26h Charger Status R XXOXXXXX FTE ‘ PTE CH FAULT CH DONE CHcCV CHFC CHPC CH IDLE
7.6.1 Device ID (01h) Register Field Descriptions
Table 2. Device ID (01h) Register Field Descriptions
Bit Field Type Reset Description
7-3 Version ID R 01011 Unique identifier for chip version (01011)
2-0 Vendor ID R 010 Unique identifier 010 for Texas Instruments
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7.6.2 Control (02h) Register Field Descriptions

Table 3. Control (02h) Register Field Descriptions

Bit Field Type Reset Description
7-5 Blank N/A N/A N/A
. 0: Open all switches
4 Switch Open RIW ! 1: Automatic switching by accessory detection
0: Continue reading ID pin resistance after impedance has been detected
3 Raw Data R/W 1 1: When ID resistance is connected, do not run ID detection again until the next
attach/detach
5 Manual Sw. RIW 1 0: Manual §W|tch|ng_ mode enabled and coqtrolled by register 13h
1: Automatic switching by accessory detection
. 0: Wait until host resets this bit high
1 Wait RIW 1 1: Wait until switching timer has expired
0: Unmask interrupt
0 INT Mask RIW ! 1: Mask interrupt
7.6.3 Interrupt 1 (03h) Register Field Descriptions
Table 4. Interrupt 1 (03h) Register Field Descriptions
Bit Field Type Reset Description
7 Unused N/A N/A N/A
6 VBUS R/Clr 0 1: VBUS detected
5 OVP EN R/ClIr 0 1: Overvoltage detected
4 LKR R/ClIr 0 1: Long key release
3 LKP R/ClIr 0 1: Long key press
2 KP R/ClIr 0 1: Key press
1 Detach R/ClIr 0 1: Accessory detach detected
0 Attach R/ClIr 0 1: Accessory attach detected
7.6.4 Interrupt 2 (04h) Register Field Descriptions
Table 5. Interrupt 2 (04h) Register Field Descriptions
Bit Field Type Reset Description
Unused N/A N/A N/A
OTP EN R 0 1: Over-temperature protection enabled
Connect R 0 1: Switch is connected (closed)
Stuck Key . .
4 RCV R 0 1: Stuck key is recovered
Stuck Key R 1: Stuck key is detected
ADC_Change R 1: ADC value is changed when Raw Data is enabled
1 Reser\étra‘d_Atta R 0 1: Reserved device is attached
0 A/V_Charging R 0 1: Charger detected when A/V cable is attached
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7.6.5 Interrupt Mask 1 (05h) Register Field Descriptions
Table 6. Interrupt Mask 1 (05h) Register Field Descriptions
Bit Field Type Reset Description
7 Unused N/A N/A N/A
0: Unmask VBUS interrupt
6 VBUS RIW 0 1: Mask VBUS interrupt
0: Unmask OVP EN interrupt
5 OVPEN RIW 0 1: Mask OVP EN interrupt
4 LKR RIW 0 0: Unmask long key relea§e interrupt
1: Mask long key release interrupt
3 LKP RIW 0 0: Unmask long key pre§s interrupt
1: Mask long key press interrupt
0: Unmask key press interrupt
2 KP RIW 0 1: Mask key press interrupt
0: Unmask detach interrupt
! Detach RIW 0 1: Mask detach interrupt
0: Unmask attach interrupt
0 Attach RIW 0 1: Mask attach interrupt
7.6.6 Interrupt Mask 2 (06h) Register Field Descriptions
Table 7. Interrupt Mask 2 (06h) Register Field Descriptions
Bit Field Type Reset Description
7 Unused R/W N/A N/A
0: Unmask OTP EN interrupt
6 OTP EN RIW 0 1: Mask OTP EN interrupt
5 Connect RIW 0 0: Unmask connept interrupt
1: Mask connect interrupt
0: Unmask Stuck Key RCV interrupt
4 Stuck Key RIW 0 1: Mask Stuck Key RCV interrupt
0: Unmask Stuck Key interrupt
3 Stuck Key RIW 0 1: Mask Stuck Key interrupt
5 ADC RIW 0 0: Unmask ADC Change interrupt
Change 1: Mask ADC Change interrupt
0: Unmask Reserved Attach interrupt
! Reserved RIW 0 1: Mask Reserved Attach interrupt
0 AV RIW 0 0: Unmask A/V Charging interrupt
Charging 1: Mask A/V Charging interrupt
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7.6.7 ADC (07h) Register Field Descriptions

Table 8. ADC (07h) Register Field Descriptions

Bit Field Type Reset Description
7-5 Reserved R N/A N/A
4-0 ADC value R 11111 5-bit ADC counter value latched after accessory detection on ID pin

7.6.8 Timing Set 1 (08h) Register Field Descriptions

Table 9. Timing Set 1 (08h) Register Field Descriptions

Bit

Field

Type

Reset

Description

7-4

Key press

R/IW

0000

Normal key press duration
0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
Any other value: invalid

100 ms
200 ms
300 ms
400 ms
500 ms
600 ms
700 ms
800 ms
900 ms
1000 ms

Device
wake up

R/W

0000

1000
1001
1010
1011

Device wake up duration
0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:

50 ms

100 ms
150 ms
200 ms
300 ms
400 ms
500 ms
600 ms

1700 ms
: 800 ms
1900 ms
: 1000 ms

Any other value: invalid

7.6.9 Timing Set 2 (09h) Register Field Descriptions

Table 10. Timing Set 2 (09h) Register Field Descriptions

Bit

Field

Type Reset Description

7-4

Switching
wait

Wait time between detection complete and switching

R/W

0000

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:

Any other value: invalid

10 ms
30 ms
50 ms
70 ms
90 ms
110 ms
130 ms
150 ms
170 ms
190 ms
210 ms
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Table 10. Timing Set 2 (09h) Register Field Descriptions (continued)

Bit Field Reset

Type

Description

Long key
press

3-0 R/W 0000

Long key press duration
0000: 300 ms

0001: 400 ms

0010: 500 ms

0011: 600 ms

0100: 700 ms

0101: 800 ms

0110: 900 ms

0111: 1000 ms

1000: 1100 ms

1001: 1200 ms

1010: 1300 ms

1011: 1400 ms

1100: 1500 ms

Any other value: invalid

7.6.10

Device Type 1 (0Ah) Register Field Descriptions

Table 11. Device Type 1 (OAh) Register Field Descriptions

Bit Field Type Reset Description
USB OTG R 0 USB on-the-go (OTG) device
DCP R 0 Dedicated charging port
CDP R 0 Charging downstream port
4 Tygﬁg{gﬁ)ez R 0 Type 1/ Type 2 charger
3 UART R 0 UART
2 usB R 0 USB host
1 VBUS R 0 VBUS valid
0 MHL R 0 MHL device
7.6.11 Device Type 2 (0Bh) Register Field Descriptions
Table 12. Device Type 2 (OBh) Register Field Descriptions
Bit Field Type Reset Description
7 Audio Type 3 R 0 Audio type 3 cable
6 Audio / Video R 0 Audio / video cable
5 TTY R 0 TTY converter
4 PPD R 0 Phone-powered device
3 JIG UART OFF R 0 Factory mode cable
2 JIG UART ON R 0 Factory mode cable
1 JIG USB OFF R 0 Factory mode cable
0 JIG USB ON R 0 Factory mode cable
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7.6.12 Button 1 (0Ch) Register Field Descriptions
Table 13. Button 1 (OCh) Register Field Descriptions
Bit Field Type Reset Description
7 R 0 Number 7 key is pressed
6 6 R 0 Number 6 key is pressed
5 5 R 0 Number 5 key is pressed
4 4 R 0 Number 4 key is pressed
3 3 R 0 Number 3 key is pressed
2 2 R 0 Number 2 key is pressed
1 1 R 0 Number 1 key is pressed
0 Send End R 0 Send End key is pressed
7.6.13 Button 2 (ODh) Register Field Descriptions
Table 14. Button 2 (ODh) Register Field Descriptions
Bit Field Type Reset Description
7 Unused N/A N/A N/A
6 Unknown R 0 Unknown key is pressed
5 Error R 0 Error key is pressed
4 12 R 0 Number 12 key is pressed
3 11 R 0 Number 11 key is pressed
2 10 R 0 Number 10 key is pressed
1 R 0 Number 9 key is pressed
0 R 0 Number 8 key is pressed
7.6.14 Manual SW 1 (13h) Register Field Descriptions
Table 15. Manual SW 1 (13h) Register Field Descriptions
Bit Field Type Reset Description
000: Open all switches
DM 001: DM is conngcted to DM_HT
7-5 switching R/W 000 010: Opep all switches
011: DM is connected to TxXD
Any other value: invalid
000: Open all switches
» DP W 000 8(1)3 gP is connepted to DP_HT
switching : pgn all switches
011: DP is connected to RxD
Any other value: invalid
1-0 Unused N/A N/A N/A
7.6.15 Manual SW 2 (14h) Register Field Descriptions
Table 16. Manual SW 2 (14h) Register Field Descriptions
Bit Field Type Reset Description
7-4 Unused N/A N/A N/A
o | oT | ew | o [Tim
0: High impedance
2 JIG ON RIW o | GSD P
1-0 Unused N/A N/A N/A
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7.6.16 Reset (1Bh) Register Field Descriptions

Table 17. Reset (1Bh) Register Field Descriptions
Bit Field Type Reset Description
7-1 Unused N/A N/A N/A

1: Write this value (1) to reset the device.
0: Set to this value (0) after reset completed.

0 Reset W 0

7.6.17 Charger control 1 (20h) Register Field Descriptions

Table 18. Charger control 1 (20h) Register Field Descriptions

Bit Field Type Reset Description

Force charger disable
7 CH DIS R/W 0 0: Normal charger operation mode
1: Disable charger. Override charger detection and CHENOV

Charging restart threshold voltage
00: 130 mV
6-5 CHRSTTH R/W 0 01: 130 mV
10: 190 mvV
11: 240mV

Charger enabled override
0: Charger enabled is controlled by charger detection. Charger is enabled is DCP, CDP, or

4 CHENOV RIW 1 Carkit charger is detected.
1: Charge is always enabled.
Fast charge mode enable. Device should be in pre-charge before setting FCMEN = 0 to
isable Fast Ch .
3 FCMEN RIW 1 disable Fast Charge mode

0: Fast charge mode is disabled. Charger remains in pre-charge mode.
1: Enable fast charge mode.

2 Unused N/A N/A N/A

Fast charge timer — These bits control the maximum amount of time that the charger will
spend in fast charge mode. If the timer is over this time, FTE is changed to 1.

00: 5 hours

01: 6 hours

10: 7 hours

11: Disable fast charge timer

1-0 FCHGTM R/W 0

7.6.18 Charger control 2 (21h) Register Field Descriptions

Table 19. Charger control 2 (21h) Register Field Descriptions

Bit Field Type Reset Description

Charge done current threshold level
0000: 50 mA
0001: 60 mA
0010: 70 mA
0011: 80 mA
0100: 90 mA
0101: 100 mA
0110: 110 mA
7-4 IFULL 0001 0111: 120 mA
1000: 130 mA
1001: 140 mA
1010: 150 mA
1011: 160 mA
1100: 170 mA
1101: 180 mA
1110: 190 mA
1111: 200 mA
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Table 19. Charger control 2 (21h) Register Field Descriptions (continued)

Bit Field Type Reset Description

Constant voltage mode voltage - in fast charge mode, when the battery voltage reaches this
value, the charger transitions from fast charge mode to constant voltage charge mode.
0000: 4.00 V

0001: 4.02 V

0010: 4.04 V

0011: 4.06 V

0100: 4.08 V

0101: 4.10 V

0110: 4.12V

0111: 4.14 V

1000: 4.16 V

1001: 4.18 V

1010: 4.20 V

1011: 4.22 V

1100: 4.24 V

1101: 4.26 V

1110: 4.28 V

1111: 435V

3-0 CV SET 1010

7.6.19 Battery Charger Control 3 (22h) Register Field Descriptions

Table 20. Battery Charger Control 3 (22h) Register Field Descriptions
Bit Field Type Reset Description

These bits set the overvoltage protection threshold.
00: 6.0 V
7-6 OovP R/W 0011 01:6.5V
10: 7.0V
11: 75V

Auto charging stop
5 AUSSST R/W 0000 0: Disable charging shutoff and keep CV mode
1: Enable charging shutoff after 30-minute timer

This bit is used in conjunction with ISET[3:0], and it determines the fast charge mode
current limit.

0: 90 mA

1: 200 mA to 950 mA

This sets the fast charge mode current.
0000: 200 mA
0001: 250 mA
0010: 300 mA
0011: 350 mA
0100: 400 mA
0101: 450 mA
0110: 500 mA
3-0 ISET R/W 0101 0111: 550 mA
1000: 600 mA
1001: 650 mA
1010: 700 mA
1011: 750 mA
1100: 800 mA
1101: 850 mA
1110: 900 mA
1111: 950 mA

4 ISET L R/IW 0001
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7.6.20 Charger Interrupt (24h) Register Field Descriptions

Table 21. Charger Interrupt (24h) Register Field Descriptions

Bit Field Type Reset Description
7-6 Unused N/A 0 Always reads 0

5 CH Fault R/ClIr 0 1: Charger in fault state

4 CH DONE R/ClIr 0 1: Charge complete / top-off mode

3 CH Cv R/ClIr 0 1: Charger state in constant voltage (CV) mode

2 CHFC R/ClIr 0 1: Charger state in fast charge mode (constant current)
1 CHPC R/ClIr 0 1: Charger state in pre-charge mode

0 CH IDLE R/ClIr 0 1: Charge state idle

7.6.21 Charger Interrupt Mask (25h) Register Field Descriptions

Table 22. Charger Interrupt Mask (25h) Register Field Descriptions

Bit Field Type Reset Description
7-6 Unused N/A 0 Always reads 0

5w Rw | o | et

d TN R 0 o bone interupt

S It O RO g

2 | onre | Rw |0 R et

L e | o

o Jemmie] mw | o |

7.6.22 Charger Status (26h) Register Field Descriptions

Table 23. Charger Status (26h) Register Field Descriptions

Bit Field Type Reset Description
Fast charge timer expired interrupt
0: Timer not expired

! FTE RIW 0 1: 30-minute fagt charge timer expired. Charge disabled. Restart when re-attaching charger
or toggling CHENOV.
Pre-charge timer expired interrupt
0: Timer not expired

6 PTE RIW 0 1: 30-minute prg-charge timer has expired. Charger disabled. Restart when re-attaching
charger or toggling CHENOV.

5 CH Fault R/W 0 1: Charger fault other than PTE or FTE

4 CH Done R/W 0 1: Charge complete / top-off mode

3 CHCVv R/W 0 1: Charger state in constant voltage mode

2 CHFC R/W 0 1: Charge state in fast charge mode (constant current)

1 CHPC R/W 0 1: Charger state in pre-charge mode

0 CH IDLE R/W 0 1: Charge state in idle (not charging)
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8 Application and Implementation

8.1 Application Information

The TSU8111 device can be used in portable device (PD) applications for interfacing the PD with external
peripherals. The TSU8111 is ideal for use when a PD needs two separate USB signal paths, accessory
detection, charger detection, and a battery charging IC.

8.2 Typical Application

VBUS VDDIO

VLDO
1kQ 1kQ 1kQ

to § to to § Battery
10 kQ 10 kQ 10 kQ

VBAT |
;; o gm uF
JIG 10 pF
VDDIO
scL — WP — 1.65V
Tl " (D) o
10 pF 36V
SDA
Host N TOU8111
0s VBUS [1= 1 uF p—— VBUS
Processor 1pF 0.1 pF
TxD g; to ESD
10 uF
RxD
X DM_CON FAAN, DM
220 1 pF .
DM HT iESpD Micro-USB
connector
DP HT DP_CON M\ DP
- 220 1 pF
ESD
BOOT
ID_CON AN, ID
220 1 pF
ESD

GND

¢

Figure 12. Interface from Host Processor to USB Connector and Battery

8.2.1 Design Requirements
For this design example, use the parameters listed in Table 24.

Table 24. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Vear 3Vto4.4V
Vaus 4Vt0 65V
Vopio 1.65Vt03.6V
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8.2.2 Detailed Design Procedure

To begin the design process, determine the following:
» Desired ESD protection on micro-USB signal lines

— Addition of optional 1-pF ESD diodes on the USB lines protects against +8-kV IEC-61000-4-2 contact
discharge. The optional 2.2-Q resistors provide additional protection for the internal circuitry near the USB
inputs.

e Output current on LDO

— Use the charging specifications for the Li-lon or Li-Polymer battery to determine the desired output current
register setting for the TSU8111 LDO.

8.2.3 Application Curves

=
o

©

o P N W M O O N 0 ©

—_40C
25T
85T

0 1 2 3 4 5
USB signal (DP / DM) input voltage (V)
Figure 13. USB Signal vs On-resistance

On-resistance to DP_HT/DM_HT

9 Power Supply Recommendations

The TSU8111 has three different power supply input pins: VBAT, VBUS, and VDDIO. VBAT is the primary supply
and accepts any voltage between —0.5 V and 6 V, but the operating voltage is between 3 V and 4.4 V. VBUS is
the secondary power supply from the micro-USB connector and accepts any voltage between —0.5 V and 28 V,
but the operating voltage is between 4 V and 6.5 V. VDDIO is the supply for I’C communication and accepts any
voltage between —-0.5 V and 4.6 V, but the operating voltage is between 1.65 V and 3.6 V.

The VBAT and VBUS pins each require a 0.1-pyF and a 1-yF to 10-yF decoupling capacitor. The 0.1-yF capacitor
smooths out high frequency noise and has a lower series inductance. The 1-uF to 10-yF capacitor smooths out
lower frequency noise and has a much higher series inductance. Placing both capacitors near each power supply
input will provide better load regulation across the frequency spectrum.

The VLDO pin requires a 1-yF load capacitor.
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10 Layout

10.1 Layout Guidelines

The TSU8111 should be placed as close to the USB connector as possible to reduce the effect of stray noise.

Decoupling capacitors, as mentioned in Power Supply Recommendations, should be as close to the device
as possible. This will also reduce the effect of ESR and ripple seen on voltages due to transient spikes.

Lengths of all traces should be kept less than 2 inches.

For 1-o0z copper thickness, the width of the USB traces should be at least 15 mils.

Traces to the VBAT, VBUS, and VLDO pins should be capable of carrying 1 A. This will keep routing
resistance less than 100-mQ and minimize voltage drops when charging with high currents.

Maximize the use of vias on VBUS, VBAT, and GND. Increasing the number of vias will reduce routing
resistance and improve thermal performance.

Minimize the use of vias for USB traces to preserve USB signal integrity.

All USB traces (DP_CON, DM_CON, DP_HT, DM_HT, TxD, and RxD) should have 45-Q single-ended
impedance and 90-Q differential impedance to fulfill USB 2.0 requirements.

10.2 Layout Example

Polygonal Copper Pour

|

|

| O VIAto VBAT Plane

I \':,‘ VIA to GND Plane (Inner Layer)
|

|

“ 4 VIAto Bottom Layer for Logic

DP_HT
To system -
< DM HT YFP Package
- (Bottom View) ')
90-Q differential =i
or 45-Q single- 220 *
ended E[ O & & Oty 1pF ID_CON .
characteristic 2V2V 6 = To micro-
impedance for D ' 1 pF DP_CON USB
USB paths O O O 0_256 1 oF = connector
LAAA — p DM_CON
USB path length c O c} 0 O_ - >
matching B 1 pF
recommended O C} O O VBUS USB input
A O O O O Input as
1 uF close to TSU8111
1T 2 3 2 L L To as possible
0.1 uF
To system R T H T 19 MF
< TxD )
1uF VLDO Thicker traces on
-~ VBAT, VBUS, and
‘-*‘_| VLDO for 1A
\4
To battery
Copyright © 2012-2014, Texas Instruments Incorporated Submit Documentation Feedback 27

Product Folder Links: TSU8111


http://www.ti.com/product/tsu8111?qgpn=tsu8111
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SCDS335A&partnum=TSU8111
http://www.ti.com/product/tsu8111?qgpn=tsu8111

13 TEXAS
INSTRUMENTS
TSU8111

SCDS335A —SEPTEMBER 2012—REVISED AUGUST 2014 www.ti.com

11 Device and Documentation Support

11.1 Trademarks
All trademarks are the property of their respective owners.

11.2 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘%'\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.3 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGE OPTION ADDENDUM

20-May-2013

PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability

information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that

& no Sh/Br)

lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between

the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight

in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation

of the previous line and the two combined represent the entire Device Marking for that device.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.

Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish ~ MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty 0) ®3) (4/5)
TSU8111YFPR ACTIVE DSBGA YFP 20 3000 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 85 A8



http://www.ti.com/product/TSU8111?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent

i PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 17-Jun-2015
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TSU8111YFPR DSBGA | YFP 20 3000 180.0 8.4 192 | 23 | 056 | 4.0 8.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TSU8111YFPR DSBGA YFP 20 3000 182.0 182.0 20.0
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PACKAGE OUTLINE
YFP0020 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

BALL Al— |-
CORNER

1
05MAX  §
L e
0.19 BALL TYP
~—{12]TvP —
| symm |
¢
E
— & O O e}

D C) ()\C) C) D: Max = 2.14 mm, Min = 2.08 mm
lO-0:0-Of 2" E:Max= 1.76 mm, Min =1.699 mm
TYP \

L 5 OiO O
440000
IIIFYPQ//// 17 2l T3 4
20X P51 Yp

[ Jo.0150) [c|A[B]

4222895/A 04/2016

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.

i3 Texas
INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT
YFP0020 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

e—— (0.4) TYP

20X (9 0.23) | |
i 1 2
oA {5
(0.4) TYP !
-
0O

LAND PATTERN EXAMPLE
SCALE:25X

1

(®0.23) 0.05 MAX 0.05 MIN METAL UNDER
METAL ,/\\f SOLDER MASK
|
1

\

SOLDER MASK PRI (©0.23)
OPENING SOLDER MASK
OPENING
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED

(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4222895/A 04/2016

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SNVAO009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YFP0020 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

(0.4) TYP

20X (J0.25)

+ B
- \\*//
METAL s
TYP YMM
-—¢
DL
Ef )

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:30X

4222895/A 04/2016

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated


http://www.ti.com/sc/docs/stdterms.htm
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