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SP2T SWITCH WITH IMPEDANCE DETECTION
MICRO-USB SWITCH TO SUPPORT USB, UART

This application note describes the operation of TSU6111. This is a differential high performance automated
SP2T switch that will automatically detect accessories plugged via the mini/micro USB 5 pin connector. This
document contains an application diagram with external critical components as well as PCB routing guidelines.

For detailed pin configuration and register properties, consult the TSU6111 datasheet.
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Introduction

TSUG6111 is a differential high performance automated SP2T switch with Battery Charger Detection BCDv1.1.
Each of the dual SP2T switches supports USB 2.0 High Speed. The device features impedance detection of
accessories that are attached through DP, DM and ID. Accessory detection includes plug-in/un-plug detection,
USB charger detection (BCDv1.1). The switch is controlled automatically via detection logic or manually
through 12C. JIG and BOOT pins are available to support USB and UART JIG cable testing during

development and manufacturing.
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Figure 1: Micro-USB Switch Flow Diagram
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Application Schematic
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Figure 2: TSU6111 Application Schematic
Table 1: Critical Components
Pin Name Pin Number Critical Component
1puF~10pF
VBus In 13 ESD Protection Diode
0.1uF
1uF~10puF
Vobio 8 O.L;.MF -
1uF~10pF
Veat 5 Battery
0.1pF
Jig 7 1kQ
SCL 10 1kQ
SDA 11 1kQ
2.2Q
DM_CON 14 ESD Protection Diode
2.2Q
DP_CON 15 ESD Protection Diode
2.2Q*
ID_CON 16 ESD Protection Diode

*QOptional Components

Copyright © 2011, Texas Instruments Incorporated.
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Schematic Guidelines

a)

b)

d)

Veus_ iny Vopio, & Vear require 1uF~10pF and 0.1pF decoupling capacitors to reduce noise from circuit
elements. The capacitors act as a shunt to block off the noise. The 0.1uF capacitor smoothes out high
frequencies and has a lower series inductance. The 1uF~10uF capacitor smoothes out the lower
frequencies and has a much higher series inductance. Placing both capacitors will provide better load
regulation across the frequency spectrum.

JIG is an open-drain output and therefore requires a 1kQ ~ 10kQ pull-up resistor to VBAT

SCL and SDA require 1kQ ~ 10kQ pull-up resistors to VDDIO to prevent floating inputs

Vgus_in » DM_CON and DP_CON are recommended to have an external resistor 2.2Q to provide extra
ballasting to protect the chip and internal circuitry

4. For ID_CON, if there is less stress on the ID pin then the external 2.2Q resistor is optional

DM_CON, DP_CON, and ID_CON are recommended to have a 1pF external ESD Protection Diode rated
for 8kV IEC protection to prevent failure in case of an 8kV IEC contact discharge

Vgus in is recommended to have a 1pF ~ 10pF external ESD Protection Diode rated for 8kV IEC
protection to prevent failure in case of an 8kV IEC contact discharge

Recommended Operating Conditions

Table 3: Recommended Operating Conditions

Condition Min Max Units
VBus IN 4.5 6.5 V
VBaT 3.5 4.4 Vv
Vobio 1.7 3.3 V
Temperature -40 85 °C

Copyright © 2011, Texas Instruments Incorporated. 4
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PCB Routing Guidelines

Routing Guidelines for USB Signal Integrity

a) All the USB lines DP_CON, DM_CON, DP_HT, DM_HT, TXD & RxD

® Must have 45Q single ended characteristic impedance

® Must have 90Q differential ended impedance

¢ To fulfill USB 2.0 requirements
b) TSU6111 location

a. Close to the USB connector as possible

b. The distance between the USB controller and the device less than 1 inch

C.. Shorter length of the trace will reduce effect of stray noise and radiate less EMI
€) Minimize use of VIAs for USB related signals

a. Differential transmission lines should be matched as close as possible

b.  No VIAs for optimum USB2.0 performance

DUT PAD

45 Degree Tuins
on USB signals

USB DP & DM lines
length matched

\

Place the USB connector as close as
possible to the DUT

Copyright © 2011, Texas Instruments Incorporated. 5
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Accessory ID Table

If Vsus in is high and the attachment is not a charger, then determine the impedance on the ID pin. If Vgus I
is low and an accessory is attached, then use an ADC for impedance sensing on the ID pin to identify which
accessory is attached.

IMPEDANCE BUCKETS FOR EACH ACCESSORY

In order to implement ID detection, each accessory should contain below ID impedance resistor value which is
5% tolerance accuracy.

Table 2: Accessory ID Table
Accessory ID & Switch States

E— . o Switch State Factory Cable
Accessory Impedance | Tolerance value DP/DM
on ID (%) USB UART JIG BOOT
oTG 0 - 00000 |~ onN OFF OFF OFF
Reserved Accessory #1 34K 5% 01111 OFF OFF OFF OFF
Reserved Accessory #2 40.2K 5% 10000 | oFf OFF OFF OFF
Reserved Accessory #3 49.9K 5% 10001 OFE OFE OFF OFF
Reserved Accessory #4 64.9K 5% 10010 | oFff OFF OFF OFF
Phone Powered Device 102K 5% 10100 | oFf ON OFF OFF
UART Cable 150K 5% 10110 | Off ON OFF OFF
Factory Mode Cable - Boot Off USB 255K 5% 11000 ON OFF ON OFF
Factory Mode Cable - Boot On USB 301K 5% 11001 ON OFF ON ON
Factory Mode Cable - Boot Off UART 523K 5% 11100 | off ON ON OFF
Factory Mode Cable - Boot On UART 619K 5% 11101 | oFff ON ON ON
No ID - - 11111 | oFF OFF OFF OFF
USB Standard Downstream Port - - 11111 ON OFF OFF OFF
USB Charging Downstream Port - - 11111 ON OFF OFF OFF
Dedicated Charging Port - - 11111 | off OFF OFF OFF

Copyright © 2011, Texas Instruments Incorporated. 6
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IMPORTANT NOTICE

Texas Instrumants Incorporated and its subsidiaries (T1) rezarve the right to make corractions, madificationg, enhancameants,
improvemants, and other changes to its products and services at any tme and to dizcontinue any product or sarvice without notica.
Customears should obtain the latazt ralevant information bafore placing ordars and should varify that such information is current and
complete. All products are sold subject to Tl's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants parfarmanca of its hardware products to the spacifications applicable at the time of gale in accordance with TI's
standard warranty. Tasting and othar guality contral techniguas ara used to the extant Tl deams necessary to support this
warranty. Excapt whera mandatad by governmant reguiremants, testing of all paramatars of each product is not nacessarily
parformead.

Tl aszumes no liakility for applications azsistance or customer product design. Customers are responzible for their products and
applications using Tl componants. To minimiza the riske associated with customar praducts and applications, customers should
provide adequats deszign and operating safeguards.

Tl does not warrant or regresant that any license, eithar express or implied, iz granted under any T1 patant right, copyright, mask
work right, or athaer Tl intalleciual property right ralating to any combination, machine, or process in which Tl products or 2arvicas
are used. Information publizhed by Tl regarding third-party products or services doas not constitute a license from T 1o use such
products or sarvices or 3 warranty o andorsemant thareof. Use of such information may reguire a license from a third party under
tha patents or other intellectual property of the third party, or a license from T under the patents or othar intallectual property of TI.

Reproduction of Tl information in Tl data books or data sheets i permizsible only if reproduction is without alteration and is
accompanied by all azsociated warranties, conditions, limitationg, and noticas. Reproduction of this infarmation with altaration is an
unfair and deceptive business practice. Tl is not rasponsibla or llable for such alterad documantation. Information of third paries
may ba subject to additional restrictions.

Razale of Tl producis or gervices with statements different from or beyond tha parameters stated by Tl for that product or sarvice
voids all exprass and any implied warrantias for the associated Tl product or service and is an unfair and decaptiva business
practice. Tl is not respongible or liable for any such statements.

Tl products are not authanzed for use in safety-crtical applications (such as life support) where a failure of the T product would
reasonably be expectad o cause sevana parsonal injury or ceath, unless officars of tha partias have exacutad an agreamant
spacifically govarning such usa. Buyers represent that they have all necessary axpertise in tha safety and regulatary ramifications
of thair applicatiang, and acknowledna and agrea that they are solely responsible for all legal, regulatory and safaty-ralated
reguiremants concarning thair products and any use of Tl products in such safety-critical applications, notwithstanding any
applicatione-ralatad information or suppor that may be provided by Tl. Further, Buyers must fully indemnify Tl and ite
reprasentatives against any damagas ansing out of tha use of Tl products in such safaty-critical applications.

Tl products are neither designed nor intended for use in militaryaerospace applications or anvironmeants unless the Tl products are
specifically designated by TI as military-grade or "enhanced plastic.” Only products designated by Tl ag military-grade meat militany
spacifications. Buyers acknowledge and agrea that any such usa of Tl products which Tl has not designated az military-grada is
solely at the Buyer's rizk, and that they are sclely rezponzible for compliance with all legal and regulatery reguirements in
connection with such usa.

Tl products are neither designed nor intended for use in automotive applications or environments unless tha zpacific Tl products
are designatad by Tl as compliant with 133/TS 162458 requirements. Buyers acknowledge and agree that, if thay use any
non-gesignated products in automotive applications, Tl will not ba responsible for any failura 1o maat guch reguiramants.

Follzwing are URLs whera you can obtain infarmation on athear Teaxas Ingtruments products and application salutions:
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