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USB 2.0 High-Speed (480 Mbps) Switch with 5V Protection

Features Description
e USB 2.0 Compliant (high speed, full speed, and low speed) The DIODES™ PI3USB102E is a single differential channel 2:1
e RON: 4.0Q) typical @ VDD = 3.0V multiplexer/demultiplexer USB 2.0 Switch. Industry leading
e Channel On Capacitance: 6.0pF advantages include a propagation delay of 250ps, resulting from
e Wide -3dB Bandwidth: 1,000MHz its low channel resistance and I/O capacitance. PI3USB102E is
e Low Bit-to-bit Skew bidirectional and offers verylittle attenuation of high-speed signals.
e Low Crosstalk: -29B @ 480 Mbps It is designed for low bit-to-bit skew, high channel-to-channel
+ OffIsolation: -28dB @ 480 Mbps noise isolation and is compatible with various standards, such as
» Near-Zero Propagation Delay: 250ps High Speed USB 2.0 (480 Mb/s).
e Supports 1.8V logic on control pins The PI3USB102E ofters over voltage protection for the Y+/Y- pins
e VDD Operating Range: 3.0V to 5.5V as per the USB 2.0 specification. With the chip powered on or
e ESD Y+/Y-: HBM 8kV, CDM 1kV off if Y+/Y- pins are shorted to VBUS (5V +/- 5%), M+/M- and
e ESD for pins other than Y+/Y-: HBM 4kV, CDM 1kV D+/D- outputs are clamped to provide voltage protection for
e Y+/Y- pins have over-voltage protection and can tolerate a downstream devices.

short to VBUS
e Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2) .
e Halogen and Antimony Free. “Green” Device (Note 3) Apphca“o“

e For automotive applications requiring specific change control [ ¢ ..o gnals for USB 2.0
(i.e. parts qualified to AEC-Q100/101/104/200, PPAP capable, PC, Notebooks and Hand-held devices
and manufactured in IATF 16949 certified facilities), please
contact us or your local Diodes representative.
https://www.diodes.com/quality/product-definitions/ .
e Packaging (Pb-free & Green): Block Diagram
s 10-contact TQFN, 1.3mm x 1.6mm x 0.75mm (ZL)

over voltage
protection
Truth Table vi | ’ S Y
SEL OE Y+ Y- Y- 7 ——
X H Hi-Z Hi-Z over voltage
protection
L L M+ M- 5
‘ +
H L D+ D- | D-
SEL Control
oF Logic

Notes:

1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS), 2011/65/EU (RoHS 2) & 2015/863/EU (RoHS 3) compliant.

2. See https://www.diodes.com/quality/lead-free/ for more information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green" and Lead-free.

3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + Cl) and <1000ppm
antimony compounds.

DIODES is a trademark of Diodes Incorporated in the United States and other countries.

The Diodes logo is a registered trademark of Diodes Incorporated in the United States and other countries.

PI3USB102E www.diodes.com August 2022
Document Number DS44731 Rev 2-2 1 © 2022 Copyright Diodes Incorporated. All Rights Reserved.


https://www.diodes.com/about/contact-us/

DrCOES.

I M € O R P O R ATE D

A Product Line of
Diodes Incorporated

() PERICOM

PI3USB102E
Pin Configuration
— o
5 =B
10 9 8
Y+ 11 7[_]D+
Y-[]2 6| D-
00
2 = =
o
Pin Description
Pin# Pin Name Description
1 Y+ USB Data bus
2 Y- USB Data bus
3 GND Ground
4 M- Multiplexed Source Inputs
5 M+ Multiplexed Source Inputs
6 D- Multiplexed Source Inputs
7 D+ Multiplexed Source Inputs
8 OE Switch Enable
9 Vbbp Positive Power Supply
10 SEL Switch Select
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Maximum Ratings

(Above which useful life may be impaired

. For user guidelines, not tested.)

Storage Temperature ..........c.cceevveereeriieenienieeenieeieeneene —65°C to +150°C note:
Supply Voltage to Ground Potential .............cceevrienrnnnnnns —0.5V to +6V
DC Input VOItage ....c..ccveveuieieiiiiiiieiicrceeecseeseeveseseenes —0.5V to +6V
DC Output CUITENL ..ottt 120mA
POWer DiSSIPAtION ...c.eevieiieiieiieieeiieie et 0.5W

DC Electrical Characteristics for USB 2.0 Switching over Operating Range
(Ta = —40°C to +85°C, Vpp = 3.0 - 5.5V)

Stresses greater than those listed under MAXIMUM RATINGS
may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

Parameter | Description Test Conditions™ Min. | Typ.®) | Max. | Units
Viu Input HIGH Voltage Guaranteed HIGH level 1.4
VIL Input LOW Voltage Guaranteed LOW level 0.7 A%
Vik Clamp Diode Voltage Vpp = Max., I1x = -18mA -0.7 -1.2
Iy Input HIGH Current for SEL and OE Vpp = Max., Vi = VDD -100 100 N
p— n
I Input LOW Current for SEL and OE Vpp = Max., Vi, = GND -100 100
I Input HIGH Current for Y+/Y- Vpp =3.3V,, Vy =525V 50 A
u
I Input LOW Current for Y+/Y- Vpp =3.3V,, Vy =0V 1
I Leakage from Y+/Y- to Vdd when Vy4y.> | Vpp =3.3V,, Vyyy. =5.25V, 200 nA
Leakage vdd OE = LOW
. . Vpp = 3V, 0V < Vinput < 0.4V
_ 3) DD 5 = Vinput = N
Ron Switch On-Resistance Ton = —40mA 4.0 5.0
. Vpbp =3V, 0V < Vipput < 1.0V
- 3) DD > = Vinput = ,
RFLAT(ON) On-Resistance Flatness Ton = —40mA 1.5 Q
AR On-Resistance match from center ports to Vpp =3V, 0V < Vipput < 1.0V, 0.9 20
ON any other port® Ion =—40mA ' '
Vpp=3.0V 3.1 3.2 34
Vovp Input Over-Voltage Protection Threshold® | Vpp=3.3V 3.4 3.5 3.7 \Y
Vpp=3.6V 3.7 3.8 4.0
Output leakage current on port M when D Vy+y-=5.25V, Vpp = 3.3V
loz_m path is on SEL = High, Vpam. = 0V -200 200 nA
Output leakage current on port D when M Vy+y-=5.25V, Vpp = 3.3V
loz b path is on SEL = Low, Vpi/p. = 0V -200 200 nA
Iorr Y+/Y- Power-Off Leakage Current Vinput = 0V to 3.3V, Vpp = 0V 5 uA
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Power Supply Characteristics
Parameters | Description Test Conditions® Min. | Typ. | Max. | Units
Ipp Power Supply Current Vpp = 3.3V, OE = GND, Vsgr = GND or Vpp 1 2 uA
Notes:

1. For max. or min. conditions, use appropriate value specified under Electrical Characteristics for the applicable device type.

Vpp = 3.0 - 5.5V, Tp = 25°C ambient.

2.
3. Measured by the voltage drop between Y+/Y- and the lower of M+/M- and D+/D- at indicated current through the Switch.
4. When the voltage at Y+/Y- is greater than Vpp + 0.2V, over-voltage protection limits the output voltage at M+/- and D+/- to protect connected devices from

damage.

Capacitance
(Ta = 25°C, Vpp = 3.3V, f = 240MHz)

Parameters® | Description Test Conditions™® Typ.® Max. Units

CIN Input Capacitance 2.2 3.2

CoFF (M/D) Switch Off Capacitance for M and D ports OF = High 3.0 4.0 .

. . — p

CoFF (v) Switch Off Capacitance for Y port OE = High 5.0 6.0

ConN Switch Capacitance, Switch ON VsgL = 0V or Vpp 6.0 7.0
Dynamic Electrical Characteristics Over the Operating Range

Parameters® | Description Test Conditions Min. | Typ.®) | Max. | Units
XTALK Crosstalk -29

Rp =50Q, f=240 MHz dB

OIRR OFF Isolation -28

-3dB BW —3dB Bandwidth Rp =50Q 1,000 MHz
-0.5dB BW —0.5dB Bandwidth Rp =50Q 275 MHz

. CL=10pF, V ~ =5V,
_ @) L PE, VY+HY- >
Tovp Over-Voltage Response Time Vb = 3.0 t0 3.6V © 40 100 ns
o . CL =10 pF, R = 10kQ, Vy1/y-
%) >

Vbsw Dynamic Signal Output Swing = 5V, Vpp = 3.0 t0 3.6V © 2.7 3.0 3.6 A%
Notes:
1. For max. or min. conditions, use appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical values are at Vpp = 3.3V, Ta = 25°C ambient.
3. This parameter is determined by device characterization but is not production tested.
4. Time duration for output voltage higher than Voyp when input is connected to 5V.
5. Output voltage observed at M+/M- and D+/D- during over-voltage condition.

6.  Tested using a 750 kHz square wave with t, = 75 ns and tf= 75 ns.
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Switching Characteristics
Parameters Description Test Conditions® | Min. | Typ. | Max. | Units
tpp Propagation Delay®?) 0.25
tpzH, tPZL Line Enable Time - SEL, OF to D(+/-), M(+/-) 0.5 50 ns
. . . - See Test Circuit for

tpHZ, tPLZ Line Disable Time - SEL, OE to D(+/-), M(+/-) Electrical Character- 0.5 11.0

tBBM Break Before Make Delay istics 9.0 ns
Output skew, bit-to-bit (opposite transition of the

tSKb-b P ((gp 8 20 ps
same output (tpHL-tpLH)

Notes:

1. For max. or min. conditions, use appropriate value specified under Electrical Characteristics for the applicable device type.

2. Guaranteed by design.

3. The switch contributes no propagation delay other than the RC delay of the On-Resistance of the switch and the load capacitance. The time constant for the switch
alone is of the order of 0.25ns for 10pF load. Since this time constant is much smaller than the rise/fall times of typical driving signals, it adds very little propagation
delay to the system. Propagation delay of the switch when used in a system is determined by the driving circuit on the driving side of the switch and its interactions
with the load on the driven side.
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Test Circuit for Dynamic Electrical Characteristics
HP4396B
S1
A\l
VCC
’ HP11667A
Test Circuit for Electrical Characteristics
6.0V
Vop o
(o) (®)
200-ohm j_
Pulse D.UT Vour
Generator |
Rt :I—:mpF 200-ohm
Notes:
1. CpL=Load capacitance: includes jig and probe capacitance.
2. Ry =Termination resistance: should be equal to Zour of the Pulse Generator
3. All input impulses are supplied by generators having the following characteristics: Zo = 50Q, tg < 2.5ns, tp < 2.5ns.
4. The outputs are measured one at a time with on transition per measurement.
Switch Positions Application Example Diagram
Test Switch
tpLz, tp7zL 6.0V 3.3V to 5V VDD
0.1uF
tpHZ, tPZH GND T
Prop Delay Open e 5
Signal Source 1 Y+ §
M 5
¥ 2
3
D+
Signal Source 2
D-
OE
GPIO SEL GND
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Switching Waveforms

———————— 3.5V
Input V2 5v K25V
| 1.5V
tPLH | D tPHL
| I~
Output 2.5V 2.5V
' VoL

SEL 2.5V
| ov
tpzL = e |
Waveform 1 | tPLZ =, :4' VOH
VOH+VOL)/2
| A
| | ——————- VoL
tPzH = e PHZ > |+
b

——————— VoH
| (VoH+voLy2 | N/OH0-3Y
Waveform 2 | I VoL

Voltage Waveforms Propagation Delay Times

Voltage Waveforms Enable and Disable Times

Overvoltage Protection Waveforms

Tr =75ns

S5V=

Vo™

5V -

VOVP_

Vpsw™

[«

Typical Output Response at M+/M- or D+/D-

The PI3USB102E offers over voltage protection for the Y+/Y- pins to protect from shorts to VBUS (5V). When the voltage on Y+/Y-
exceeds Vovp, the voltage at M+/M- and D+/D- is clamped to Vpsw within the time Toyp, For rise time of 75 ns (as per USB1.1 and
USB2.0 low-speed specifications), Tovyp is typically 40 ns. Tovyp is smaller for faster risetimes. For example, Toyp is typically 20 ns for

rise time of 5 ns.
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Part Marking
JQ
YW
JQ: PIBUSB102E
Line above “J” denotes Lead-free & Pin 1 Indicator
Line above “Q” denotes Fab 3
YW: 2 letter shortened Datecode
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Packaging Mechanical
10-TQFN (ZL)
0.75+0.05 0.40 TYP
0.30£0.05
®_\ _.I I_ 7
|
! \ B e
5 v e
S . 0.60£0.05(1X) — coly —1 -
e\ Syl
— ‘ 7 i ) l
& A L]
@-{/ _IL 0.50+0.05(3X) — J L\—@
INDEX AREA ~——1.60+0.05 —— 0.0-0.05 0.20+0.05(10X)
TOP_VIEW BOTTOM VIEW
0.20(10X)—| |=— /—@
f——— 0.55(6X)
.10 0.85(1%) ——
0.20 REF. ‘ L] )
1ox _ T 1.80 — — [ o.20(%)
=Rl == @ 1 T
Detail A Optional ‘
“~—-l0.40 TYP.
2.10 .
RECOMMENDED LAND PATTERN (TOP VIEW)
o DATE: 08/30/13
NOTE : PERICOM
Semiconductor Corporation
1. ALL DIMENSIONS ARE IN MILLIMETERS. DESCRIPTION: 10-Contact, Thin Fine Pitch Quad Flat No-Lead (TQFN)
2. REFER MO-220. PACKAGE CODE: ZL (ZL10)
3. RECOMMENDED LAND PATTERN IS FOR REFERENCE ONLY. DOCUMENT CONTROL #: PD-2052 REVISION: E

13-0175

For latest package info.
please check: http://www.diodes.com/design/support/packaging/pericom-packaging/packaging-mechanicals-and-thermal-characteristics/

Ordering Information

Ordering Code Package Code | Package Description Top Mark
PI3USBI02EZLEX ZL 10-contact, Thin Fine Pitch Quad Flat No-Lead (TQFN) ]Q
Notes:

1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS), 2011/65/EU (RoHS 2) & 2015/863/EU (RoHS 3) compliant.

2. See https://www.diodes.com/quality/lead-free/ for more information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green" and Lead-free.

3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + CI) and <1000ppm
antimony compounds.

4. E = Pb-free and Green

5. X suffix = Tape/Reel
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IMPORTANT NOTICE

1. DIODESINCORPORATED (Diodes)ANDITS SUBSIDIARIESMAKENOWARRANTY OFANYKIND,EXPRESSORIMPLIED, WITHREGARDSTOANY INFOR-
MATION CONTAINED INTHIS DOCUMENT, INCLUDING, BUTNOTLIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FORAPARTICULAR
PURPOSEORNON-INFRINGEMENTOFTHIRDPARTYINTELLECTUALPROPERTYRIGHTS(ANDTHEIREQUIVALENTSUNDERTHELAWS OFANY JURISDICTION).

2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes’ products described herein and
application examples. Diodes does not assume any liability arising out of the application or use of this document or any product described herein. This document is
intended for skilled and technically trained engineering customers and users who design with Diodes’ products. Diodes’ products may be used to facilitate safety-related
applications; however, in all instances customers and users are responsible for (a) selecting the appropriate Diodes products for their applications, (b) evaluating the
suitability of Diodes’ products for their intended applications, (c) ensuring their applications, which incorporate Diodes’ products, comply the applicable legal and regu-
latory requirements as well as safety and functional-safety related standards, and (d) ensuring they design with appropriate safeguards (including testing, validation,
quality control techniques, redundancy, malfunction prevention, and appropriate treatment for aging degradation) to minimize the risks associated with their applications.

3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by Diodes
from time to time. Any customer or user of this document or products described herein will assume all risks and liabilities associated with such use,
and will hold Diodes and all companies whose products are represented herein or on Diodes’ websites, harmless against all damages and liabilities.

4. Products described herein may be covered by one or more United States, international or foreign patents and pend-
ing patent applications. Product names and markings noted herein may also be covered by one or more United States, international or for-
eign trademarks and trademark applications. Diodes does not convey any license under any of its intellectual property rights or the rights of any
third parties (including third parties whose products and services may be described in this document or on Diodes’ website) under this document.

5. Diodes’ products are provided subject to Diodes’ Standard Terms and Conditions of Sale (https://www.diodes.com/about/company/terms-
and-conditions/terms-and-conditions-of-sales/) or other applicable terms. This document does not alter or expand the applicable warranties provid-
ed by Diodes. Diodes does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.

6. Diodes’ products and technology may not be used for or incorporated into any products or systems whose manufacture, use or sale is prohibited under
any applicable laws and regulations. Should customers or users use Diodes’ products in contravention of any applicable laws or regulations, or for any unintended
or unauthorized application, customers and users will (a) be solely responsible for any damages, losses or penalties arising in connection therewith or as a result
thereof, and (b) indemnify and hold Diodes and its representatives and agents harmless against any and all claims, damages, expenses, and attorney fees arising
out of, directly or indirectly, any claim relating to any noncompliance with the applicable laws and regulations, as well as any unintended or unauthorized application.

7. While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may contain technical inac-
curacies, omissions and typographical errors. Diodes does not warrant that information contained in this document is error-free and Diodes is under no obliga-
tion to update or otherwise correct this information. Notwithstanding the foregoing, Diodes reserves the right to make modifications, enhancements, im-
provements, corrections or other changes without further notice to this document and any product described herein. This document is written in English but
may be translated into multiple languages for reference. Only the English version of this document is the final and determinative format released by Diodes.

8. Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is prohib-
ited. Diodes assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such unauthorized use.

9. This Notice may be periodically updated with the most recent version available at https://www.diodes.com/about/company/terms-and-conditions/important-notice
DIODES is a trademark of Diodes Incorporated in the United States and other countries.
The Diodes logo is a registered trademark of Diodes Incorporated in the United States and other countries.

© 2022 Diodes Incorporated. All Rights Reserved.
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