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5 Pin Configuration and Functions
RSE Package
10-Pin UQFN
Top View
¢}
o
>
! |
- — < | 8 | —_—_——
use+ |1 L1 1 9] sEL
_—— —_— — [ V.
use- [2 | L_g] o
MHL+ 37 L_7] o
-——) ) ~——|
MHL- | 4 Coro ! 6| OE
L _ _ o, T
Not to scale
a)
P
)
Pin Functions
PIN
/0 DESCRIPTION
NO. NAME
1 usB+ /0 USB data (Differential +)
2 USB- /0 USB data (Differential —)
3 MHL+ /0 MHL data (Differential +)
4 MHL- /0 MHL data (Differential —)
5 GND — Ground
6 OE I Output enable (Active low)
7 D- /0 Data switch output (Differential —)
8 D+ /0 Data switch output (Differential +)
9 SEL | Switch select (logic Low = D+/D- to USB+/USB- Logic High = D+/D- to MHL+/MHL-)
10 VCC — Supply voltage

4 Copyright © 2012-2019, Texas Instruments Incorporated
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6 Specifications

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

MIN MAX UNIT
Vee Supply voltage ® -0.3 5.5 v
Vio Input-output DC voltage ® -0.3 5.5 v
Vosr D+/- DC voltage™ -0.3 9 v
\ Digital input voltage (SEL, OE) -0.3 5.5 \Y
Ik Input-output port diode current Vio<0 -50 mA
ik Digital logic input clamp current® V<0 -50 mA
Icc Continuous current through VCC 100 mA
leND 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+/— pins with respect to GND. VCC must be powered within the recommended operating conditions of
2.3V to 4.8 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
v Electrostatic Human body model (HBM), per ANSI/ESDA/JEDEC JS-001® +3500 v
(ESD) discharge Charged-device model (CDM), per JEDEC specification JESD22-C101®@ +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
Vee Supply voltage 2.3 4.8 Y
V
Vo USE) Analog voltage 0 3.6 \%
Viio (MHL)
\2 Digital input voltage (SEL, OE) 0 Vee| V
Travpe Vce) Power supply ramp time requirement (Vcc) 100 1000 | ps/V
Ta Operating free-air temperature -40 85| °C
Copyright © 2012-2019, Texas Instruments Incorporated 5
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6.4 Thermal Information
TS3USB3000
THERMAL METRIC @ RSE (UQFN) UNIT
10 PINS
Rgia Junction-to-ambient thermal resistance 191.6 °C/W
Rojctop) Junction-to-case (top) thermal resistance 94.3 °C/W
Rgis Junction-to-board thermal resistance 117.5 °C/W
WIT Junction-to-top characterization parameter 7.4 °C/W
viB 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.

6.5 Electrical Characteristics
T =—40°C to +85°C, Typical values are at V¢ = 3.3 V, T, = 25°C, (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS | MIN TYP MAX| UNIT
MHL SWITCH
Vec =27V Vo =1.65V, loy = -8 mA 5.7
Ron ON-state resistance ce Vo ON Q
Vee = 23V Vo = 1.65V, lon = -8 mA 5.7 9.5
ON-state resistance
ARoN match between + and — | Vg = 2.3V Vo =1.65V, loy = -8 mA 0.1 Q
paths
Ron ON-state resistance _ _ _

(FLAT) flatness Vec =23V Viio=165V1t03.45V, Iopy =—8 mA 1 Q
loz OFF leakage current | Vgc = 4.8V SWItSh OFF, Vi = 1.65 V10 3.45V, -2 2| pA
Vp: =0V

Power-off leakage _ Switch ON or OFF, V. + = 1.65 V t0 3.45 V,
lorr current Vec =0V V. = NC -10 10| pA
Vec =48V \S/WltEhN%N' VMHL: = 1.65V 10 3.45 V, 5 5
lon ON leakage current SDt_ ho . 3 A
Vee =23V witch ON, Vyp+ = 1.65V to 3.45V, _125 125
VDt =NC
USB SWITCH
Ron ON-state resistance Vee =23V V0o =04V, lon =—8 mA 46 75 Q
ON-state resistance
ARon match between + and — | Vcc = 2.3V Vo =04V, gy =-8 mMA 0.1 Q
paths
Ron ON-state resistance _ _ _
ELAT flatness Vec =23V Vio=0V1t0 04V, Ilogy=-8mA 1 Q
loz OFF leakage current Vec =48V Switch OFF, Vysg+ =0V 1t03.6V,Vp. =0V -2 2| pA
Power-off leakage _ Switch ON or OFF, Vysg: =0V t0 3.6 V,
|o|:|: current VCC =0V VDi. =NC -10 10 l.lA
Voo = 4.8V \S/Wlt(ihNCéN, Vysg: =0V to3.6V, 2 2
lon ON leakage current SDi't hON.V 0Vi036V HA
_ witc » VUSB: ~ 035.6V, _
Vec =23V Vp. = NC 125 125
DIGITAL CONTROL INPUTS (SEL, OE)
Viy Input logic high Vec=23V1t048V 1.3 \%
Vi Input logic low Vec=2.3Vto48V 0.6 \%
N Input leakage current Vece =48V, V0=0Vt03.6V,Vy=0to4.8V -10 10| pA

6 Copyright © 2012-2019, Texas Instruments Incorporated
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6.6 Dynamic Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
. VCC =3.3 V, V|/o =0or3.3 V, .
ConvHL) MHL path ON capacitance f = 240 MHz Switch ON 1.6 2 pF
. VCC =3.3 V, V|/o =0or3.3 V, .
Consp) USB path ON capacitance f = 240 MHz Switch ON 1.4 2 pF
. VCC =33V, V|/o =0or33V .
CoFF(MHL) MHL path OFF capacitance f = 240 MHz Switch OFF 1.4 2 pF
. VCC =33V, V|/o =0o0r3.3V .
Corruss) USB path OFF capacitance f = 240 MHz Switch OFF 1.6 2 pF
C Digital input capacitance Vee=33V,V,=00r2V 2.2 pF
. Vec=23Vt04.8V,R =500, )
Oiso OFF Isolation f = 240 MHz Switch OFF 34 dB
Vee=2.3V1t04.8V,R =500, )
XT1ALK Crosstalk f = 240 MHz Switch ON 37 dB
. Vee=23V1t04.8V,R =500, ,
Bw(MHL) MHL path —3-dB bandwidth f = 240 MHz Switch ON 6.1 GHz
Bw(uss) USB path —3-dB bandwidth Vec=2.3V1t04.8V,R =500, |Switch ON 6.1 GHz
SUPPLY
Vee Power supply voltage 2.3 4.8 \Y
. VCC =48V, VlN = VCC or GND, VI/O =0V,
lcc Positive supply current Switch ON or OFF 30 50 HA
| Power supply current in high-Z Vec =4.8V, Viy=Vcc or GND, Vo =0V, 5 10 A
cc, Hz mode Switch ON or OFF, OE = H K

6.7 Timing Requirements

MIN  NOM MAX | UNIT
tpd Propagation delay 100 ps
tswitch ~ Switching time (SEL to output) See Figure 1 600| ns
'ZH.ZL ML enable time (OE to output) 100 us
(MHL) Vio=33VoroV R 500
:sz ';Z MHL disable time (OE to output) CL - 5 pF’ 200 ns
MHL, L= ,

" _ Ve =23Vt 4.8V
ZH,ZL USB enable time (OE to output) 100 us
(USE) Vio=0.8Vor0V
:sz ')-Z USB disable time (OE to output) 200 ns
USB
tskepy  Skew of opposite transitions of same output 20 ps
USB+/-
3V D+/- /O J_ 18V
MHL+- ¢, R Vem %so % >}<5o %
i O— | | ov
I I
SEL N~ C. RL = tswitcH > > tswitcH o
] = ! !
VseL = ov

(1) All input pulses are suppleid by generators having the following characteristics: PRR < 10 MHz, Zo =50 Q , t, <5 ns,
tt<5ns

(2) C. includes probe and jig capacitance.

Figure 1. Timing Diagram

Copyright © 2012-2019, Texas Instruments Incorporated 7
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6.8 Typical Characteristics
6.0 6.0
5.5 5.5
5.0 5.0
_ 45 _ 45
g /’ g /’
Dg: 4.0 — Dg: 4.0 —
35 35
3.0 3.0
25 25
2.0 2.0
00 04 08 12 16 20 24 28 32 36 4.0 00 04 08 12 16 20 24 28 32 36 4.0
Vin (V) Vin (V)
Figure 2. ON-Resistance vs VI for MHL Switch Figure 3. ON-Resistance vs VI for USB Switch
g1 1
] ]
4 m1 4 im1
2] [freq=100.0kHz ol [freq=100.0kHz
4 dB(S(2.1))=-0.320 4 dB(S(2,1))=-0.317]
= .3 = 3
o o™
¢ a7
g _47_ m2 2 ] Im2
5 freq=6.139GHz 5 freq=6.199GHz
i dB(S(2,1))=-3.317| i dB(S(2,1))=3.319
6 5|
7 | T T T T a T I I I
1E5 1EB 1E7 1E8 1E9 1E10 1E5 1EB 1E7 1E8 1E8 1E10
freq, Hz freq. Hz
Figure 4. Differential S21 vs Frequency for MHL Switch Figure 5. Differential S21 vs Frequency for USB Switch
0 0
_15; -15;
,30; —30;
= 745—7 — ,45;
o —60; E‘ 760;
© 75T freq=240.MHz T 75 freq=240.MHz
0] dB(S(2.1))=-86.70 0] dB(S(2,1)5-34.15
-105 -105—
20 1 \ \ 120 | | |
1E6 1ET 1E8 1E9 9E9 1E6 1ET7 1Es 1E9 99
freq, Hz freq, Hz
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)

m2
_ freq=239.2MHz
dB(S(3,4))=-38.383

freq, Hz

Figure 8. Cross Talk vs Frequency for MHL Path

m1
freq=239.2MHz
dB(S(2,1))=-37496

1ES 1E6 1E7 1E8 1E9 9E9

freq, Hz

Figure 9. Cross Talk vs Frequency for USB Path
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7 Parameter Measurement Information
—l— VDD
VOUTl
y \e Von
= oz I o | Channel ON
; SEL D—I Ron = (Von — Viio1) / lon or (VoN —
(l lo Viio2) / lon
Vs == J_ VseL=HorlL
= GND
Figure 10. ON-State Resistance (Roy)
—l— VDD
VOUTl _(\e_
I O gem | 5
T loz
< st | Channel OFF
| = Vn
Ver, == J_ VseL =HorL
l = GND
Figure 11. OFF Leakage Current (lpz)
T VDD Network Analyzer
VOUT+ &\e RS
vy
Vour- Gq\e Re Vs
B - Channel ON
Vs
J_ VseL =HorL
= GND = Rs=RL=500
e
AR J_

il

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 1/0s. 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 reduces the power consumption to 5 pA 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 TS3USB3000 device integrates ESD protection cells on all pins, is available in a tiny UQFN package
(1.5 mm x 2 mm) and is characterized over the free-air temperature range from —40°C to +85°C.

8.2 Functional Block Diagram

TS3USB3000

p USB+
D+

A ————@ MHL+

SIS o USB-
D -6

| ~—@¢ MHL-

SEL Control OE
Logic

Copyright © 2017, Texas Instruments Incorporated

8.3 Feature Description

8.3.1 Low Power Mode

The TS3USB3000 has a low power mode that reduces the power consumption to 5 pA 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.

Copyright © 2012-2019, Texas Instruments Incorporated 11
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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 table
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.

Potential short
in connector

5V—9V

N

VBUS

Charger
IC

Battery

33V

T

MHL-
Do

O> | UsB-

@)

O

I
|
: MHL+
D+ 7
I

CHONCES

O->  uss+

Phone/Tablet

@)

|
|
| SEL
OE

Application
Processor

A

TS3USB3000

Figure 13. Potential VBUS to D+/— Short Example
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Feature Description (continued)

8.3.3 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:
Vbo-Vee

Pin Leakage =
12000

Figure 14. Potential Leakage Path D+/-to VCC

Leakage Path

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 as shown in Table 1.

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—

Copyright © 2012-2019, Texas Instruments Incorporated
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl 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 1/Os or
need to route signals from a single USB connector. The TS3USB3000 solution can effectively expand the limited
USB 1I/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-MQ 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.

V BAT
To
Battery VCC
Charger
TS3USB3000
USB_D+ Baseband or
UsB+ Application

O USB_D- Processor

D+ USB-
©) D+

D-
O D

ID
O
o GND MHLH MHL +

MHL- MHL-  HDMI to HDMI
MHL Bridge :|
SEL OE CcBUS GND
GPO1 GPO2
MicroUSB
Connector
COM ID_UsSB

TS5A3157

Copyright © 2017, Texas Instruments Incorporated

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-MQ 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.

9.2.2 Detailed Design Procedure

The TS3USB3000 can be properly operated without any external components. However, Tl recommends that
unused pins must be connected to ground through a 50-Q resistor to prevent signal reflections back into the
device.
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Typical Application (continued)
9.2.3 Application Curves

Y- Voltage VAGth1: Eye Disgram X Time

Y Hits TIE1: Histogram X Time

2 PCB THRU PATH
JITTER (p-p)=35.85ps

Eye Al
Offset: -0.00046443

B00mY - Lis:7000:1 38112, Tlat 1581182162158
Mask: 0.7GbpsMA

-ns -0sns s 0.5ns ns
The TS3USB3000 contributes only 8.4 ps of peak-to-peak jitter
for 0.7-Gbps data rate

Figure 18. Eye Pattern: 0.7 Gbps for MHL Switch

ov 20k
-200mV 15k
~400mV
” . 2 10k
Offset 00008448
-600mV - Lrs:8000:138109, Tgtatd
s e -
-ins 05ns 0s 05ns ins
 6ps  aops 2008 0s 2008 “0ps 60ps
Figure 16. Eye Pattern: 0.7 Gbps With No Device Figure 17. Time Interval Error Histogram: 0.7 Gbps With
No Device
V- Hits TIE1: Histogram XTime
G
+
0k
25
WITH TS3USB3000

JITTER (p-p)=44.28ps

]

sms  aws e 0s Zps dps  Gs
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 for

~400ps -200ps 0s 200ps 400ps.

Figure 20. Eye Pattern: 2.2 Gbps With No Device

MHL Switch
V-Voltage Width1: Eye Disgram X Time Y Hite TIE: Histogram X Time
(0] e
. e o 0 - e
a0k
400mv
T ﬁ - 80k
\ PCB THRU PATH
200mv \ £ \ 7 70K
\'/ N JITTER (p-p) =51.9ps
ov ] o0k
A A S0k
.200mv /] '.‘ 'v' i\
-‘/—L#L N
400mv = 30K
Y
PP e e I o
e -

0 el e
-b00s -40ps -2xs Os 20ps 40ps E0ps

Figure 21. Time Interval Error Histogram: 2.2 Gbps With
No Device
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Typical Application (continued)

Y Volage ‘Widgtht: Eye Disgram X Time

Cye. AN
Offoet: -00044604
00V - Lis:8000:437780 157, 1
Mask ML _74
~400p3 +200p3 0s 200ps 400p3

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

Figure 22. Eye Pattern: 2.2 Gbps for MHL Switch

Y His TIE: Histogram XTime

0K

Sk WITH TS3USB3000
JITTER (p-p) =55.74 ps|

10
O ps ams w05 2w 4 oks

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

Figure 23. Time Interval Error Histogram: 2.2 Gbps for
MHL Switch

Y:Voltege ‘Width1: Eye Diagram X.Time

Figure 24. Eye Pattern: 3 Gbps With No Device

Y Hits TIE1: Histogram X Time

+@®

14 - PCB THRU PATH
12 JITTER (p-p) =44.98 p

o

S0ps  4Ops 2ps O 20ps  dOps  B0gs
Figure 25. Time Interval Error Histogram: 3 Gbps With No

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

Figure 26. Eye Pattern: 3 Gbps for MHL Switch

Device
Y:Voltage Widtihi: Eye Diagram K Time Y Hits TIE1: Histogram X Time
[D A | o ®
600mV + 150k &
L A e At e T il XU 140
- . WITH TS3USB3000
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100k
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-500mV - Lis:8000:596970, 700014327
Mask: MHL_3¢ 20k
300ps -200ps -100ps 0s 100ps 200ps 3000

0 -
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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 MHL
Switch
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Typical Application (continued)

¥:Voltage

Width1: Eye Diagram X Time

S00my

-200ps  -15)ps  -100ps  -SO0ps Os S0ps  100ps  150ps

Figure 28. Eye Pattern: 4.5 Gbps With No Device

:Hits TIE1: Histogram ¥:Time

g
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PCB THRU PATH
JITTER (p-p) =44.18 p

Figure 29. Time Interval Error Histogram: 4.5 Gbps With
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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
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Figure 31. Time Interval Error Histogram: 4.5 Gbps for
MHL Switch

PCB THRU PATH

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

WITH TS3USB3000

1
Tine (10015

Figure 33. 480-Mbps USB 2.0 Eye Pattern for USB Switch
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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. Tl
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+
traces.

The high-speed 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.

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.

| |Signa| 1

| ]
| | GND Plane
| ]

| | Power Plane
| ]
Signal 2

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 must
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.

18 Copyright © 2012-2019, Texas Instruments Incorporated


http://www.ti.com/product/ts3usb3000?qgpn=ts3usb3000
http://www.ti.com

13 TEXAS
INSTRUMENTS
TS3USB3000

www.tij.co.jp JAJSFVAF —DECEMBER 2012 —-REVISED JUNE 2019

11.2 Layout Example

OVIA to Power Plane Polygonal Copper Pour
{"IVIA to GND Plane

Bypass Capacitor

_I l_:". To Microcontroller
- —>

<« USB+ VCC  SEL[9
USB port
<« USB- D+[ 8| _
To USB connector
«— MHL+ D-E —
MHL port
<« MHL~ OE| 6

—>

To Microcontroller

Figure 35. Package Layout Diagram
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O OO 0O 0O 0 O0 Sprocket Holes
| |
T T
L@l e )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TS3USB3000MRSER UQFN RSE 10 3000 180.0 9.5 2.2 18 | 0.75 | 4.0 8.0 Q3
TS3USB3000RSER UQFN RSE 10 3000 180.0 9.5 1.7 2.2 0.75 | 4.0 8.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TS3USB3000MRSER UQFN RSE 10 3000 189.0 185.0 36.0
TS3USB3000RSER UQFN RSE 10 3000 189.0 185.0 36.0
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PACKAGE OUTLINE
UQFN - 0.6 mm max height

RSEOO010A

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—|""

05
; L:————;—{j}—r———
o.osj

0.00
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0.3 T (0.12)
., 045 TYP
2X0.35
6
SYMM []

—t
L4X3ﬁ
9 0.1 [clalB
& 0.05 |C

0.2

6.1@ C|A|B
A 0.054 |C

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.

PIN 1 ID
(45°X 0.1)
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EXAMPLE BOARD LAYOUT
RSEOO010A UQFN - 0.6 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

SYMM
(R0.05) TYP ¢
10\ 2X (0.6)
8X (0.55) ﬁ i
_ - — —— -

1 ‘ 9

4 (0.25) — ‘

B
2X (0.3)

(1.35)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:30X

0.07 MAX 0.07 MIN T
ALL AROUND ALL AROUND r
-

METAL

~ SOLDER MASK
fOPENING

I

I

\

‘ METAL

UNDER
SOLDER MASK

I

l

|
EXPOSED ~ /
METAL SOLDER MASK  £vposeD k

OPENING METAL ~__7

NON SOLDER MASK SOLDER MASK

DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE
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NOTES: (continued)

3. For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271).
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EXAMPLE STENCIL DESIGN
RSEOO010A UQFN - 0.6 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

(RO.05) TYP | 2X (0.6)

8X (0.55) — |
| { - e — - — - S

1 E I 9

4% (0.25) —

(1.35)

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICKNESS
SCALE: 30X
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NOTES: (continued)

5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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