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TS3USB3000 DPDT USB 2.0 High-Speed and Mobile High-Definition Link (MHL) 6.1-GHz
Switch

1 Features 3 Description
The TS3USB3000 device is a double-pole, double

1• VCC Range 2.7 V to 4.3 V
throw (DPDT) multiplexer that includes a high-speed• Mobile Hi-Definition Link (MHL) Switch: Mobile High-Definition Link (MHL) switch and an USB

– Bandwidth (–3 dB): 6.1 GHz 2.0 High-Speed (480 Mbps) switch in the same
package. These configurations allow the system– RON (Typical): 5.7 Ω
designer to use a common USB or Mico-USB– CON (Typical): 1.6 pF connector for both MHL video signals and USB data.

• USB Switch:
The TS3USB3000 has a VCC range of 2.7 V to 4.3 V– Bandwidth (–3 dB): 6.1 GHz and supports overvoltage tolerance (OVT) feature,

– RON (Typical): 4.6 Ω which allows the I/O pins to withstand overvoltage
conditions (up to 5.5 V). The power-off protection– CON (Typical): 1.4 pF
feature forces all I/O pins to be in high-impedance• Current Consumption: 30 µA (Typical) mode when power is not present, allowing full

• Special Features: isolation of the signal lines under such condition
without excessive leakage current. The select pins of– IOFF Protection Prevents Current Leakage in
TS3USB3000 are compatible with 1.8-V controlPowered-Down State (VCC and VBUS = 0 V)
voltage, allowing them to be directly interfaced with– 1.8-V Compatible Control Inputs (SEL, OE) the General-Purpose I/O (GPIO) from a mobile

– Overvoltage Tolerance (OVT) on all I/O Pins processor.
up to 5.5 V Without External Components

The TS3USB3000 comes with a small 10-pin UQFN
– Overvoltage Protection When 9 V Short to package with only 2.0 mm × 1.5 mm is size, which

D-Pin makes it a perfect candidate to be used in mobile
applications.• ESD Performance:

– 3.5-kV Human Body Model (A114B, Class II)
Device Information (1)

– 1-kV Charged-Device Model (C101)
PART NUMBER PACKAGE BODY SIZE (NOM)

• 10-Pin UQFN Package (2.0 mm × 1.5 mm, TS3USB3000 UQFN (10) 1.50 mm × 2.00 mm
0.5 mm Pitch)

(1) For all available packages, see the orderable addendum at
the end of the data sheet.2 Applications

• Smartphones, Tablets, Mobile
• Portable Instrumentation
• Digital Still Cameras

Functional Block Diagram

1

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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4 Revision History

Changes from Revision A (April 2013) to Revision B Page
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and Documentation Support section, and Mechanical, Packaging, and Orderable Information section .............................. 1

Changes from Original (December 2012) to Revision A Page

• Updated TI data sheet – no specific changes. ...................................................................................................................... 1
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5 Pin Configuration and Functions

RSE Package
10-Pin UQFN

Top View

Pin Functions
PIN

TYPE DESCRIPTION
NO. NAME
1 USB+ I/O USB Data (Differential +)
2 USB– I/O USB Data (Differential –)
3 MHL+ I/O MHL Data (Differential +)
4 MHL– I/O MHL Data (Differential –)
5 GND — Ground
6 OE I Output Enable (Active Low)
7 D– I/O Data Switch Output (Differential –)
8 D+ I/O Data Switch Output (Differential +)
9 SEL I Switch select (logic Low = D+/D– to USB+/USB– Logic High = D+/D– to MHL+/MHL-)
10 VCC — Supply Voltage

Copyright © 2012–2015, Texas Instruments Incorporated Submit Documentation Feedback 3

Product Folder Links: TS3USB3000

http://www.ti.com/product/ts3usb3000?qgpn=ts3usb3000
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SCDS337B&partnum=TS3USB3000
http://www.ti.com/product/ts3usb3000?qgpn=ts3usb3000


TS3USB3000
SCDS337B –DECEMBER 2012–REVISED DECEMBER 2015 www.ti.com

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (1) (2)

MIN MAX UNIT
VCC Supply voltage (3) –0.3 5.5 V
VI/O Input/Output DC voltage (3) –0.3 5.5 V
VD- D- DC voltage (4) –0.3 9 V
VI Digital input voltage (SEL, /OE) –0.3 5.5 V
IK Input/Output port diode current VI/O < 0 –50 mA
IIK Digital logic input clamp current (3) VI < 0 –50 mA
ICC Continuous current through VCC 100 mA
IGND Continuous current through GND –100 mA
Tstg Storage temperature –65 150 °C

(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) The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum.
(3) All voltages are with respect to ground, unless otherwise specified.
(4) This rating only applies to the D- pin with respect to GND. VCC must be powered within the recommended operating conditions of 2.7 V

to 4.3 V and the /OE pin must be logic high for this rating to be applicable. Any condition where VCC is unpowered or the /OE pin is not
high must reference the rest of the Absolute Maximum Ratings Table.

6.2 ESD Ratings
VALUE UNIT

Human body model (HBM), per ANSI/ESDA/JEDEC JS-001 (1) ±3500ElectrostaticV(ESD) Vdischarge Charged-device model (CDM), per JEDEC specification JESD22-C101 (2) ±1000

(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.

6.3 Recommended Operating Conditions
MIN MAX UNIT

VCC Supply voltage 2.7 4.3 V
VI/O (USB) Analog voltage 0 3.6 V
VI/O (MHL)

VI Digital input voltage (SEL, OE) 0 VCC V
TRAMP (VCC) Power supply ramp time requirement (VCC) 100 1000 μs/V
TA Operating free-air temperature -40 85 ºC
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6.4 Thermal Information
TS3USB3000

THERMAL METRIC (1) RSE (UQFN) UNIT
10 PINS

RθJA Junction-to-ambient thermal resistance 191.6 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 94.3 °C/W
RθJB Junction-to-board thermal resistance 117.5 °C/W
ψJT Junction-to-top characterization parameter 7.4 °C/W
ψJB Junction-to-board characterization parameter 117.4 °C/W

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

6.5 Electrical Characteristics
TA = –40°C to 85°C, Typical values are at VCC = 3.3V, TA = 25°C, (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
MHL SWITCH
RON ON-state resistance VCC = 2.7 V VI/O = 1.65 V, ION = –8 mA 5.7 9 Ω

ON-state resistance matchΔRON VCC = 2.7 V VI/O = 1.65 V, ION = –8 mA 0.1 Ωbetween + and – paths
RON (FLAT) ON-state resistance flatness VCC = 2.7 V VI/O = 1.65 V to 3.45V, ION = –8 mA 1 Ω

Switch OFF, VMHL+/MHL– = 1.65 V to 3.45
V,IOZ OFF leakage current VCC = 4.3 V –2 2 µA
VD+/D– = 0 V
Switch ON or OFF, VMHL+/MHL– = 1.65 V to
3.45 V,IOFF Power-off leakage current VCC = 0 V –10 10 µA
VD+/D– = NC
Switch ON, VMHL+/MHL– = 1.65 V to 3.45 V,ION ON leakage current VCC = 4.3 V –2 2 µAVD+/D– = NC

USB SWITCH
RON ON-state resistance VCC = 2.7 V VI/O = 0.4 V, ION = –8 mA 4.6 7.5 Ω

ON-state resistance matchΔRON VCC = 2.7 V VI/O = 0.4 V, ION = –8 mA 0.1 Ωbetween + and – paths
RON (FLAT) ON-state resistance flatness VCC = 2.7 V VI/O = 0 V to 0.4 V, ION = –8 mA 1 Ω

Switch OFF, VUSB+/USB– = 0 V to 3.6 V,IOZ OFF leakage current VCC = 4.3 V –2 2 µAVD+/D– = 0 V
Switch ON or OFF, VUSB+/USB– = 0 V to 3.6
V,IOFF Power-off leakage current VCC = 0 V –10 10 µA
VD+/D– = NC
Switch ON, VUSB+/USB– = 0 V to 3.6 V,ION ON leakage current VCC = 4.3 V –2 2 µAVD+/D– = NC

DIGITAL CONTROL INPUTS (SEL, OE)
VIH Input logic high VCC = 2.7 V to 4.3 V 1.3 V
VIL Input logic low VCC = 2.7 V to 4.3 V 0.6 V
IIN Input leakage current VCC = 4.3 V, VI/O = 0 V to 3.6 V, VIN = 0 to 4.3 V –10 10 μA
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6.6 Dynamic Characteristics
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
CON(MHL) MHL path ON capacitance Switch ON 1.6 2 pFVCC = 3.3 V, VI/O = 0 or 3.3 V,

f = 240 MHzCON(USB) USB path ON capacitance Switch ON 1.4 2 pF
COFF(MHL) MHL path OFF capacitance Switch OFF 1.4 2 pFVCC = 3.3 V, VI/O = 0 or 3.3 V

f = 240 MHzCOFF(USB) USB path OFF capacitance Switch OFF 1.6 2 pF
CI Digital input capacitance VCC = 3.3 V, VI = 0 or 2 V 2.2 pF

VCC = 2.7 V to 4.3 V, RL = 50 Ω,OISO OFF Isolation Switch OFF -34 dBf = 240 MHz
VCC = 2.7 V to 4.3 V, RL = 50 Ω,XTALK Crosstalk Switch ON –37 dBf = 240 MHz
VCC = 2.7 V to 4.3 V, RL = 50 Ω,BW(MHL) MHL path –3-dB bandwidth Switch ON 6.1 GHzf = 240 MHz

BW(USB) USB path –3-dB bandwidth VCC = 2.7 V to 4.3 V, RL = 50 Ω, Switch ON 6.1 GHz
SUPPLY
VCC Power supply voltage 2.7 4.3 V

VCC = 4.3 V, VIN = VCC or GND, VI/O = 0 V,ICC Positive supply current 30 50 µASwitch ON or OFF
VCC = 4.3 V, VIN = VCC or GND, VI/O = 0 V,Power supply current in high-ZIcc, HZ 5 10 µAmode Switch ON or OFF, OE = H

6.7 Timing Requirements
MIN NOM MAX UNIT

tpd Propagation Delay 100 ps
tswitch Switching time (SEL to Output) See Figure 1 600 ns
tZH, ZL MHL Enable Time (OE to Output) 100 µs
(MHL) VI/O = 3.3 V or 0 V

RL = 50 Ω,tHZ, LZ MHL Disable Time (OE to Output) 200 ns
(MHL) CL = 5 pF,

VCC = 2.7 V to 4.3 VtZH, ZL USB Enable Time (OE to Output) 100 µs
(USB) VI/O = 0.8 V or 0 V
tHZ, LZ USB Disable Time (OE to Output) 200 ns
(USB)

tSK(P) Skew of opposite transitions of same output 20 ps

Figure 1. Timing Diagram
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6.8 Typical Characteristics

Figure 2. ON-Resistance vs VI for MHL Switch Figure 3. ON-Resistance vs VI for USB Switch

Figure 5. Differential S21 vs Frequency for USB SwitchFigure 4. Differential S21 vs Frequency for MHL Switch

Figure 6. Off Isolation vs Frequency for MHL Path Figure 7. Off Isolation vs Frequency for USB Path
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Typical Characteristics (continued)

Figure 8. Cross Talk vs Frequency for MHL Path Figure 9. Cross Talk vs Frequency for USB Path
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7 Parameter Measurement Information

Figure 10. ON-State Resistance (RON)

Figure 11. OFF Leakage Current (IOZ)

Figure 12. Bandwidth (BW)
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8 Detailed Description

8.1 Overview

The TS3USB3000 device is a 2-channel SPDT switch specially designed for the switching of high-speed MHL
and USB 2.0 and 3.0 signals in handset and consumer applications, such as cell phones, digital cameras, and
notebooks with hubs or controllers with limited USB I/Os. The wide bandwidth (6.1 GHz) of this switch allows
signals to pass with minimum edge and phase distortion. The device multiplexes differential outputs from a USB
host device to one of two corresponding outputs or from one USB connector to two processors or controllers.
The switch is bidirectional and offers little or no attenuation of the high-speed signals at the outputs. The device
also has a low power mode that will reduce the power consumption to 5 μA for portable applications with a
battery or limited power budget.

The device is designed for low bit-to-bit skew and high channel-to-channel noise isolation, and is compatible with
various standards, such as high-speed USB 2.0 (480 Mbps).

The TS3USB221A device integrates ESD protection cells on all pins, is available in a tiny UQFN package
(2 mm × 1.5 mm) and is characterized over the free-air temperature range from –40°C to 85°C.

8.2 Functional Block Diagram

8.3 Feature Description

8.3.1 Low Power Mode
The TS3USB3000 has a low power mode that reduces the power consumption to 5 μA while the device is not in
use. To put the device in low power mode and disable the switch, the bus-switch enable pin OE must be
supplied with a logic High signal.

8.3.2 Overvoltage Protection When 9-V Short to D– Pin
This section describes how to protect the TS3USB3000 and the surrounding system when the D– pin is exposed
to voltages greater than 5-V and less than 9-V. Voltages higher than 9-V damages the device.

In charging applications it is possible for the USB plug to be inserted in such a way that the VBUS pin shorts to
the D- pin of the connector. If there are peripherals on the D- pin that cannot tolerate conditions up to 9-V they
can be damaged or destroyed. The TS3USB3000 can be used to protect the system from excess voltage if the
correct precautions are taken.
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Feature Description (continued)
In Figure 13, the system has an application processor (AP) that cannot survive 9-V on the USB data lines. The
following procedure protects the system and the TS3USB3000. As stated in the Absolute Maximum Ratings
footnotes, the 9-V rating is only applicable while the VCC is powered within the voltage range of the
recommended operating conditions and the OE pin is high.
1. After a charger is connected to the USB port, the AP detects that a DCP is attached.
2. The AP pulls the OE pin high to disable the switches.
3. The AP communicates to the Charger that it can negotiate for a faster charging mode with VBUS at 9-V.
4. The TS3USB3000 is now in a low-power state with the switches disabled and can protect the AP.

Figure 13. Potential VBUS to D- Short Example
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Feature Description (continued)
8.3.2.1 Pin Leakage
When the voltage on the D- pins rises above VCC + 1 V a leakage path in the device starts conducting as shown
in Figure 14. The amount of leakage depends on the VCC voltage and the pin voltage. This leakage is governed
by Equation 1:

(1)

Figure 14. Potential Leakage Path D- to VCC

8.4 Device Functional Modes

8.4.1 High Impedance Mode
The TS3USB3000 has a high impedance mode that places all the signal paths in a Hi-Z state while the device is
not in use. To put the device in high impedance mode and disable the switch, the bus-switch enable pin OE must
be supplied with a logic High signal.

Table 1. Function Table
SEL OE SWITCH STATUS

X High Both USB and MHL switches in High-Z
Low Low D+/D– to USB+/USB–
High Low D+/D– to MHL+/MHL–
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and TI does not warrant its accuracy or completeness. TI’s customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information
There are many USB applications in which the USB hubs or controllers have a limited number of USB I/Os or
need to route signals from a single USB connector. The TS3USB3000 solution can effectively expand the limited
USB I/Os by switching between multiple USB buses to interface them to a single USB hub or controller or route
signals from on connector to two different locations.

9.2 Typical Application
Figure 15 represents a typical application of the TS3USB3000 USB/MHL switch. The TS3USB3000 is used to
switch signals between the USB path, which goes to the baseband or application processor, or the MHL path,
which goes to the HDMI to MHL bridge. The TS3USB3000 has internal 6-MΩ pulldown resistors on SEL and OE.
The pulldown on SEL ensure the USB channel is selected by default. The pulldown on OE enables the switch
when power is applied. The TS5A3157 is a separate SPDT switch that is used to switch between MHL’s CBUS
and the USB ID line that is needed for USB OTG (USB On-The-Go) application.

Figure 15. Typical TS3USB3000 Application

9.2.1 Design Requirements
Design requirements of the MHL and USB 1.0,1.1, and 2.0 standards must be followed. The TS3USB3000 has
internal 6-MΩ pulldown resistors on SEL and OE, so no external resistors are required on the logic pins. The
internal pulldown resistor on SEL ensures the USB channel is selected by default. The internal pulldown resistor
on OE enables the switch when power is applied to VCC.
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Typical Application (continued)
9.2.2 Detailed Design Procedure
The TS3USB3000 can be properly operated without any external components. However, TI recommends that
unused pins must be connected to ground through a 50-Ω resistor to prevent signal reflections back into the
device.

9.2.3 Application Curves

Figure 16. Eye Pattern: 0.7 Gbps With No Device Figure 17. Time Interval Error Histogram: 0.7 Gbps With
No Device

The TS3USB3000 contributes only 8.4 ps of peak-to-peak jitter
for 0.7-Gbps data rate. The TS3USB3000 contributes only 8.4 ps of peak-to-peak jitter

for 0.7-Gbps data rate.

Figure 19. Time Interval Error Histogram: 0.7 Gbps forFigure 18. Eye Pattern: 0.7 Gbps for MHL Switch
MHL Switch
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Typical Application (continued)

Figure 20. Eye Pattern: 2.2 Gbps With No Device Figure 21. Time Interval Error Histogram: 2.2 Gbps With
No Device

The TS3USB3000 contributes only 3.8 ps of peak-to-peak jitterThe TS3USB3000 contributes only 3.8 ps of peak-to-peak jitter
for 2.2-Gbps data rate.for 2.2-Gbps data rate.

Figure 23. Time Interval Error Histogram: 2.2 Gbps forFigure 22. Eye Pattern: 2.2 Gbps for MHL Switch
MHL Switch

Figure 25. Time Interval Error Histogram: 3 Gbps With NoFigure 24. Eye Pattern: 3 Gbps With No Device
Device
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Typical Application (continued)

The TS3USB3000 contributes only 5.8 ps of peak-to-peak jitter
for 3-Gbps data rate. The TS3USB3000 contributes only 5.8 ps of peak-to-peak jitter

for 3-Gbps data rate.

Figure 27. Time Interval Error Histogram: 3 Gbps for MHLFigure 26. Eye Pattern: 3 Gbps for MHL Switch
Switch

Figure 29. Time Interval Error Histogram: 4.5 Gbps WithFigure 28. Eye Pattern: 4.5 Gbps With No Device
No Device

The TS3USB3000 contributes only 7.6 ps of peak-to-peak jitter
for 4.5-Gbps data rate. The TS3USB3000 contributes only 7.6 ps of peak-to-peak jitter

for 4.5-Gbps data rate.

Figure 30. Eye Pattern: 4.5 Gbps for MHL Switch Figure 31. Time Interval Error Histogram: 4.5 Gbps for
MHL Switch
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Typical Application (continued)
9.2.3.1 USB 2.0 Eye Pattern

Figure 32. 480-Mbps USB 2.0 Eye Pattern With No Device Figure 33. 480-Mbps USB 2.0 Eye Pattern for USB Switch

10 Power Supply Recommendations
Power to the device is supplied through the VCC pin and must follow the USB 1.0, 1.1, and 2.0 standards. TI
recommends placing a bypass capacitor as close to the supply pin VCC as possible to help smooth out lower
frequency noise to provide better load regulation across the frequency spectrum.

11 Layout

11.1 Layout Guidelines

Place supply bypass capacitors as close to VCC pin as possible and avoid placing the bypass caps near the
D+/D– traces.

The high-speed D+/D- must match and be no more than 4 inches long; otherwise, the eye diagram performance
may be degraded. A high-speed USB connection is made through a shielded, twisted pair cable with a differential
characteristic impedance. In layout, the impedance of D+ and D– traces must match the cable characteristic
differential impedance for optimal performance.

Route the high-speed USB signals using a minimum of vias and corners which reduces signal reflections and
impedance changes. When a via must be used, increase the clearance size around it to minimize its
capacitance. Each via introduces discontinuities in the signal’s transmission line and increases the chance of
picking up interference from the other layers of the board. Be careful when designing test points on twisted pair
lines; through-hole pins are not recommended.

When it becomes necessary to turn 90°, use two 45° turns or an arc instead of making a single 90° turn. This
reduces reflections on the signal traces by minimizing impedance discontinuities.

Do not route USB traces under or near crystals, oscillators, clock signal generators, switching regulators,
mounting holes, magnetic devices or ICs that use or duplicate clock signals.

Avoid stubs on the high-speed USB signals because they cause signal reflections. If a stub is unavoidable, then
the stub must be less than 200 mm.

Route all high-speed USB signal traces over continuous GND planes, with no interruptions.

Avoid crossing over anti-etch, commonly found with plane splits.
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Layout Guidelines (continued)
Due to high frequencies associated with the USB, a printed circuit board with at least four layers is
recommended; two signal layers separated by a ground and power layer as shown in Figure 34.

Figure 34. Four-Layer Board Stack-Up

The majority of signal traces must run on a single layer, preferably Signal 1. Immediately next to this layer should
be the GND plane, which is solid with no cuts. Avoid running signal traces across a split in the ground or power
plane. When running across split planes is unavoidable, sufficient decoupling must be used. Minimizing the
number of signal vias reduces EMI by reducing inductance at high frequencies.

11.2 Layout Example

Figure 35. Package Layout Diagram
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12 Device and Documentation Support

12.1 Community Resources
The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute TI specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.2 Trademarks
E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.3 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.

12.4 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms, and definitions.

13 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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