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SN65LVPE502x Dual-Channel USB 3.0 Redriver and Equalizer
1 Features 2 Applications
+ Single-Lane USB 3.0 Redriver and Equalizer * Notebooks
» Selectable Equalization, De-Emphasis and Output + Desktops

Swing Control

Integrated Termination

Hot-Plug Capable

Low Active Power (UO state):

— 315 mW (Typical), Vcc =3.3 V

USB 3.0 Low Power Support:

— 7 mW (Typical) When No Connection Detected
70 mW (Typical) When Link in U2/U3 Mode
Excellent Jitter and Loss Compensation
Capability:

>40 in of Total 4 mil Stripline on FR4

Small Footprint, 3 mm x 3 mm and 4 mm x 4 mm,

+ Docking Stations

» Backplanes

+ Active Cables

3 Description
The SNG65LVPES502x devices are dual-channel,
single-lane USB 3.0 redriver and signal conditioners
supporting data rates of 5 Gbps. The devices comply
with USB 3.0 specification revision 1.0 supporting
electrical idle condition and low frequency periodic
signals (LFPS) for USB 3.0 power management

modes.

Device Information"

24-Pin VQFN Packages PART NUMBER PACKAGE BODY SIZE (NOM)
High Protection Against ESD Transient: SN65LVPE502A RLL (24) 3.00 mm x 3.00 mm
- HBM: 5,000 V NGV PEOoR | RGE (24) 4.00 mm x 4.00 mm
— CDM: 1,500V
_ . (1) For all available packages, see the orderable addendum at
MM: 200 V the end of the data sheet.
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NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Changes from Revision B (April 2012) to Revision C Page

Added ESD Ratings table, Feature Description section, Device Functional Modes, Application and Implementation
section, Power Supply Recommendations section, Layout section, Device and Documentation Support section, and
Mechanical, Packaging, and Orderable INformation SECHON ............ccciiiiiiiiiii et 1

» Added Storage temperature (—65 to 150°C) to the Absolute Maximum Ratings table.............cccooioiiiiiiieiiiiie e 6
Changes from Revision A (March 2012) to Revision B Page
* AddEd SNBSLVPESO2B GEVICE .....cecueeueeieeiuieiertieieeteetesseaseessesseessesseeneesseassasseassessssseessesseessaseassanseansessssseensessenssessesssessesseenses 1
+ Changed Feature From: Small Foot Print — 24 Pin (4mm x 4mm) QFN Package To: Small Foot Print — 3x3mm and

4XAMM 24-PiN QFN PACKAGES ...ttt ettt h ettt eeh e e sa bt e bt eeae e s n e e eb e e san e e r e e nbeesaneereen 1
*  Deleted bottom VIEW PINOUL IMAGE .. ..eiiiueeeiiiieiiiie et e e e e e e e n e e e san e e s s a e e e esne e e smneeeanne e e annneenmneeeanreenans 3
e Added RLL package PiNOUL IMAGE .. ...eoiueeiiiiieiiii ettt ettt e ettt bt e e ettt e sn e e e sab e e e et et e eaneeesane e e e be e e enneesanneeenbeeenas 4
* Added RLL to Pin Functions table

Added Host- and Device-Side Pins section

Changes from Original (March 2012) to Revision A Page
» Deleted Ordering Information table; see POA at the end of the data sheet..........cccooiiiiiiii e, 1
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5 Pin Configuration and Functions

SN65LVPE502A RGE Package

24-Pin VQFN With Exposed Thermal Pad

Top View

GND EN_RXD OS1 DE1 EQ1 VCC

SN65LVPE502B RGE Package
24-Pin VQFN With Exposed Thermal Pad
Top View

NC

DE2 NC NC NC vcc

NC 7z} NC EQ2 PZANC
Host_RX1- > Device_TX1- Device_RX2- l Host TX2-
CH1 J cuz> 5
Host_RX1+ Device_TX1+ Device_RX2+ L Host_TX2+
Thermal Pad Thermal Pad
GND (must be soldered to GND GND GND (must be soldered to GND GND
Host_TX2- Device_RX2- Device_TX1- Host RXA-
Host_TX2+ ('] Device_RX2+ Device_TX1+ Host RX1+
VCC RSVD OS2 DE2 EQ2 GND VCC NC EQ1 DE1 EN_RXD NC
Pin Functions — RGE Packages
PIN q
TYPE(M DESCRIPTION
NAME SN65LVPE502A SN65LVPE502B
HIGH SPEED DIFFERENTIAL I/O PINS
CML, inverting differential input for CH1. This pin is tied to an
Host_RX1- 8 20 internal voltage bias by dual termination resistor circuit. Must
connect to the USB 3.0 host side.
CML, noninverting differential input for CH1. This pin is tied to
Host_RX1+ 9 19 an internal voltage bias by dual termination resistor circuit.
Must connect to the USB 3.0 host side.
CML, inverting differential input for CH2. This pin is tied to an
Device_RX2- 20 8 internal voltage bias by dual termination resistor circuit. Must
connect to the USB 3.0 Device side.
CML, noninverting differential input for CH2. This pin is tied to
Device_RX2+ 19 9 an internal voltage bias by dual termination resistor circuit.
Must connect to the USB 3.0 Device side.
CML, inverting differential output for CH1. This pin is tied to an
Device_TX1- 23 11 internal voltage bias by termination resistors. Must connect to
the USB 3.0 Device side.
CML, noninverting differential output for CH1. This pin is tied
Device_TX1+ 22 12 to an internal voltage bias by termination resistors. Must
connect to the USB 3.0 Device side.
CML, inverting differential output for CH2. This pin is tied to an
Host_TX2- 11 23 internal voltage bias by termination resistors. Must connect to
the USB 3.0 Host side.
CML, noninverting differential output for CH2. This pin is tied
Host_TX2+ 12 22 to an internal voltage bias by termination resistors. Must
connect to the USB 3.0 Host side.
DEVICE CONTROL PINS
EN_RXD 5 17 LVCMOS, sets device operation modes per Table 4; internally
pulled to V¢c.
RSVD 14 — LVCMOS; RSVD. Can be left as No-Connect.
NC 7,24 2,3,4,6,14,18, 24 Pads are not internally connected.

(1)

| = Input, O = Output, P = Power
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Pin Functions — RGE Packages (continued)
PIN q
TYPE(® DESCRIPTION

NAME SN65LVPE502A ‘ SN65LVPE502B
EQ CONTROL PINS®

LVCMOS, selects de-emphasis settings for CH1 and CH2 per
DE1, DE2 3,16 16,5 ! Table 4; internally tied to Veg/2.

LVCMOS, selects equalization settings for CH1 and CH2 per
EQ1, EQ2 2,17 15,7 ! Table 4, internally tied to V¢c/2.

_ LVCMOS, selects output amplitude for CH1 and CH2 per
0S1, 082 4,15 ' Table 4, internally tied to Veg/2.
POWER PINS®
6, 10, 18, 21,

GND Thermal Pad 10, 21, Thermal Pad P Supply ground
VCC 1,18 1,13 P Positive supply; must be 3.3 V +10%

(2) Internally biased to Vgc/2 with >200 kQ pullup or pulldown. When pins are left as NC, board leakage at this pin pad must be <1 pA
otherwise drive to Vcc/2 to assert mid-level state.

(3) For SN65LVPES502B, pins 10 and 21 must be connected to GND, while 6 and 18 may be NC. For SN65LVPES02A, Tl recommends at
least two of the four pins (6, 10, 18, 21) be connected to ground.

SN65LVPE502A RLL Package
24-Pin VQFN With Exposed Thermal Pad
Top View

NC EN_RXD 0OS1 DE1 EQ1 VCC NC

Host_RX1- Device_TX1-

Host_RX1+ Device_TX1+

GND GND

Host_TX2- Device_RX2-

Host_TX2+ Device_RX2+

NC NC NC VCC DE2 EQ2 NC
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Pin Functions — RLL Package

PIN q
NAME NO TYPE™ DESCRIPTION
HIGH SPEED DIFFERENTIAL 1/0 PINS
Host RX1— 19 | CML, inverting differential input for CH1. This pin is tied to an internal voltage bias
- by dual termination resistor circuit. Must connect to the USB 3.0 host side.
Host RX1+ 20 | CML, noninverting differential input for CH1. This pin is tied to an internal voltage
- bias by dual termination resistor circuit. Must connect to the USB 3.0 host side.
Device RX2— 8 | CML, inverting differential input for CH2. This pin is tied to an internal voltage bias
- by dual termination resistor circuit. Must connect to the USB 3.0 Device side.
Device RX2+ 7 | CML, noninverting differential input for CH2. This pin is tied to an internal voltage
- bias by dual termination resistor circuit. Must connect to the USB 3.0 Device side.
Device TX1— 11 o CML, inverting differential output for CH1. This pin is tied to an internal voltage bias
- by termination resistors. Must connect to the USB 3.0 Device side.
. CML, noninverting differential output for CH1. This pin is tied to an internal voltage
Device_TX1+ 10 0 bias by termination resistors. Must connect to the USB 3.0 Device side.
Host TX2— 29 o CML, inverting differential output for CH2. This pin is tied to an internal voltage bias
- by termination resistors. Must connect to the USB 3.0 Host side.
CML, noninverting differential output for CH2. This pin is tied to an internal voltage
Host_TX2+ 23 0 bias by termination resistors. Must connect to the USB 3.0 Host side.
DEVICE CONTROL PINS
EN_RXD 17 LVCMOS, sets device operation modes per Table 4; internally pulled to Vgc.
NC 1,2,6,12,18, 24 — Pads are not internally connected.
EQ CONTROL PINS®
DE{ DE2 15 4 | LVCMOS, selects de-emphasis settings for CH1 and CH2 per Table 4; internally tied
’ ’ to Vge/2.
EQ1. EQ2 14 5 | LVCMOS, selects equalization settings for CH1 and CH2 per Table 4; internally tied
’ ’ to Vcc/2.
®) LVCMOS, selects output amplitude for CH1 and CH2 per Table 4; internally tied to
081, 082 16, NC | Voo/2.
POWER PINS
GND 9, Thermal Pad P Supply ground
VCC 3 P Positive supply; must be 3.3 V £10%
(1) I'=Input, O = Output, P = Power

(2) Internally biased to Vgc/2 with >200 kQ pullup or pulldown. When pins are left as NC, board leakage at this pin pad must be <1 pA

otherwise drive to Vcc/2 to assert mid-level state.

(8) The SNB5LVPES02A RLL package has OS2 internal no-connect to select the 1042-mV,,, level on TX2.
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6 Specifications

6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)("

MIN MAX UNIT
Supply voltage, Vc® -05 4 %
Differential I/O -0.5 4 \"
Voltage
Control I/O -0.5 VCC + 0.5 \
Continuous power dissipation See Dissipation Ratings
Storage temperature, T —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) All voltage values, except differential voltages, are with respect to network ground terminal.

6.2 ESD Ratings

VALUE UNIT
. Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 (") +5000
Vies) Ei'sg;;orztg“c Charged-device model (CDM), per JEDEC specification JESD22-C101@ +1500 v
Machine model ® +200
(1) Tested in accordance with JEDEC Standard 22, Test Method A114-B
(2) Tested in accordance with JEDEC Standard 22, Test Method C101-A
(3) Tested in accordance with JEDEC Standard 22, Test Method A115-A
6.3 Recommended Operating Conditions
MIN TYP MAX | UNIT
Vee Supply voltage 3 3.3 3.6 Vv
CcoupLing  AC-coupling capacitor 75 200 nF
Ta Operating free-air temperature —40 85 °C
DEVICE PARAMETERS
ccocos  Supply urten K26.5 pattorn a1 5 Gbpo, VID = 1000 mVyp 100 120 mA
ICCRrx Detect Supply current In RX.Detect mode 2 5/ mA
ICCgleep Supply current EN_RXD = GND 0.01 0.1 mA
ICCyo.u3 Supply current Link in USB low power state 21 mA
Maximum data rate 5| Gbps
lene Device enable ime with RX rermination present 100 us
tois Device disable time Sleep mode entry time EN_RXD H — L 2 us
Trxpetect RX.Detect start event Power-up time 100 us
CONTROL LOGIC
ViH High-level input voltage 2.8 Vee \
Vi Low-level input voltage -0.3 0.5 \
Vhvs Input hysteresis 150 mV
OSx, EQx, DEx = V¢g 30
m High level input current EN_RXD = Vg 1 HA
RSVD = V¢c 30
OSx, EQx, DEx = GND -30
I Low level input current EN_RXD = GND =30 pA
RSVD = GND —1
6 Submit Documentation Feedback Copyright © 2012-2016, Texas Instruments Incorporated
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6.4 Thermal Information

SN65LVPE502A, SN65LVPE502B
THERMAL METRIC(" RGE (VQFN) RLL (VQFN) UNIT
24 PINS 24 PINS
Reua Junction-to-ambient thermal resistance 46 41.6 °C/W
Reuc(top) Junction-to-case (top) thermal resistance 42 43.2 °C/W
Reus Junction-to-board thermal resistance 13 11.5 °C/W
Wyt Junction-to-top characterization parameter 4 6.3 °C/W
VB Junction-to-board characterization parameter — 1.1 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance — 11.5 °C/W

(1)

report.

6.5 Electrical Characteristics
over recommended operating conditions (unless otherwise noted)

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
RECEIVER AC/DC
Vingitt_pp RX1, RX2 input voltage swing AC-coupled differential RX peak-to-peak signal 100 1200 mVp,
VCM_RX RX1, RX2 common mode voltage 3.3 \"
Vingom p \?cil(tL’gZXZ AG peak common mode Measured at RX pins with termination enabled 150 mVpo
Zom_Rx DC common mode impedance 18 26 30 Q
Ziitt Rx DC differential input impedance 72 80 120 Q
) - Device in sleep mode RX termination not powered
ZRX_High_IMP+ DC Input high impedance measured with respect to GND over 500 mV maximum 50 85 kQ
N . Measured at receiver pin, below minimum output is
Low frequency periodic signaling . - ; ]
VRX-LFPS-DET-PP (LFPS) detect threshold (s)ﬂ?pelljct:hed, above maximum input signal is passed to 100 300 mVpp
50 MHz to 1.25 GHz 10 11
RLgx-pIFe Differential return loss dB
1.25 GHz to 2.5 GHz 6 7
RLgx-cm Common mode return loss 50 MHz to 2.5 GHz 11 13 dB
TRANSMITTER AC/DC
Differential peak-to-peak output R =100 Q +1%, DEx, OSx = NC 800 1042 1200
V1xpiFF_TB-PP voltage, transition bit (VID = 800, R =100 Q +1%, DEx = NC, OSx = GND 908 mV
1200 mVp,, 5 Gbps) R = 100 Q +1%, DEx = NC, OSx = VCC 1127
Differential peak-to-peak output R =100 @ 1%, DEx = NC, OSx =0, 1, NC 1042
VIxDIFF_NTB-PP voltage, non-transition bit (VID = 800, | R. =100 Q +1%, DEx =0, OSx = 0, 1, NC 661 mV
1200 mVp,, 5 Gbps) R.= 100 Q +1%, DEx = 1, 0Sx = 0, 1, NC 507
DE1/DE2 = NC 0
De-emphasis level 0S1, 2 = NC DE1/DE2 = 0 (SN65LVPE502A, RLL package) -3.5
DE ’ dB
(for OS1,2=1and 0, see Table 4) | DE1/DE2 = 0 (SN65LVPE502x, RGE packages) 3 -35 4
DE1/DE2 = 1 -6
Toe De-emphasis width 0.85 ul
Ziitr TX DC differential impedance 72 90 120 Q
Zom Tx DC common mode impedance Measured w.r.t to AC ground over 0 V to 500 mV 18 23 30 Q
. . f =50 MHz to 1.25 GHz 9 10
RLgit % Differential return loss dB
- f=1.25 GHz to 2.5 GHz 6 7
RLem Tx Common mode return loss f=50 MHz to 2.5 GHz 11 12 dB
lrx_sc TX short circuit current TX+ shorted to GND 60 mA
Transmitter DC common mode
VTXﬁCMiDC voltage OSx =NC 2 2.6 3 \"
VTx_cM_AC_Active TX AC common mode voltage active 30 100 mVp,
) e Electrical idle differential peak to peak
VTX_idle_diff-ACp, output voltage HPF to remove DC 0 10 mVpo

Copyright © 2012-2016, Texas Instruments Incorporated
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Electrical Characteristics (continued)

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Absolute delta of DC CM voltage
VTX_cM_DetiaUt-Uo during active and idle states 8 200 mv
Voy o DC Electrical idle differential output Voltage must be low pass filtered to remove any AC 0 10 mv
TX idle_dif-DC voltage component
Vetect :j/gtl;i?e change to allow receiver Positive voltage to sense receiver termination 600 mV
o, 1 Output rise and fall time 20% to 5_30% of differential voltage measured 1 in. from the 30 65 ps
output pin
- Output rise and fall time mismatch 20% to {30% of differential voltage measured 1 in. from the 15 20 ps
! output pin
) ) . . . De-emphasis = —3.5 dB (CH 0 and CH 1), propagation
Taitt LH> Taiff HL Differential propagation delay delay between 50% level at input and output 305 370 ps
tidieEntrys tidleExit Idle entry and exit times See Figure 2 4 6 ns
Crx TX input capacitance to GND At 2.5 GHz 1.25 pF
JITTER
Trxeye®@ Total jitter (Tj) at point A Device setting: 0S1 =L, DE1 =—6 dB, EQ1 =7 dB 023 05| Ul,®
DJrx® Deterministic jitter (Dj) Device setting: 0S1 = L, DE1 =—6 dB, EQ1 = 7 dB 014 03| Ul,®
Rdrx @@ Random jitter (Rj) Device setting: 0S1 = L, DE1 = -6 dB, EQ1 = 7 dB 0.08 02| Ul,®
Trxeve @ Total jitter (Tj) at point B Device setting: OS2 = H, DE2 = -6 dB, EQ2 = 7 dB 0.15 05| Ulp®
DJx®@ Deterministic jitter (Dj) Device setting: OS2 = H, DE2 = -6 dB, EQ2 = 7 dB 0.07 03| Ulp®
RJry @@ Random jitter (Rj) Device setting: OS2 = H, DE2 = -6 dB, EQ2 = 7 dB 0.08 02| Ul,®
(1) Includes RJ at 1072 BER.
(2) Deterministic jitter measured with K28.5 pattern and Random jitter measured with K28.5 pattern at the ends of reference channel in
Figure 5, VID = 1000 mVy,, 5 Gbps, and —3.5 dB DE from source.
(3) UlI=200ps

6.6 Dissipation Ratings

Rj calculated as 14.069 times the RMS random jitter for 10~'2 BER.

over recommended operating free-air temperature range (unless otherwise noted)

Product Folder Links: SN65LVPE502A

PARAMETER TEST CONDITIONS MIN TYP  MAX™ | UNIT
) o RSVD, EN_RXD, EQ cntrl pins = NC,
Pp Device power dissipation K28.5 pattern at 5 Gbps, Vip = 1000 mVip 330 450 | mW
Psp  Device power dissipation in sleep mode EN_RXD = GND 0.03 04| mW
(1) The maximum rating is simulated under 3.6 V VCC. Device power: the SN65LVPE502x is designed to operate from a single, 3.3-V
supply.
8 Submit Documentation Feedback Copyright © 2012-2016, Texas Instruments Incorporated


http://www.ti.com/product/sn65lvpe502a?qgpn=sn65lvpe502a
http://www.ti.com
http://www.ti.com/product/sn65lvpe502a?qgpn=sn65lvpe502a
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLSEB3C&partnum=SN65LVPE502A

13 TEXAS

INSTRUMENTS
SN65LVPE502A, SN65LVPES502B
www.ti.com SLLSEB3C —MARCH 2012—REVISED NOVEMBER 2016
[} [}
I I
I I
! I ! I
— Tyt — e Taiff HL
I - I
I I
I I
I I
| |
ouar = - X———————-"———————
I I
t. . ! !
idleExit —», h
| ouT+
I
' | Vcm
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I 1
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Figure 2. Electrical Idle Mode Exit and Entry Delay
} |
| |
| |
| |
I I
1 | | 1
— |- —> -—
Figure 3. Output Rise and Fall Times
1-bit 1 to N bits 1-bit 1 to N bits
- toe “|DEx=0dB_ | T g
I
\ -3.5dB \
-6dB
Y
Vcm
VIXDIFF_NTB_P-P
VIXDIFF_TB_P-P
y
\i tDE / ]
Figure 4. Output De-Emphasis Levels OSx = NC
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For more detailed placement example of redriver, see Typical Characteristics.
Figure 6. Redriver Placement Example
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6.7 Typical Characteristics
Table 1. Case | Fixed Output and Variable Input Trace (3-m Cable)

GRAPH TITLE FIGURE
DE =0 dB, EQ = 0dB, Input = 4 in., Output = 4 in., and 3-m Cable Figure 7
DE =0 dB, EQ = 0dB, Input = 8 in., Output = 4 in., and 3-m Cable Figure 8
DE =0 dB, EQ = 0dB, Input = 12 in., Output = 4 in., and 3-m Cable Figure 9
DE =0 dB, EQ = 0dB, Input = 16 in., Output = 4 in., and 3-m Cable Figure 10
DE =0 dB, EQ = 0 dB, Input = 20 in., Output = 4 in., and 3-m Cable Figure 11
DE =0 dB, EQ =7 dB, Input = 24 in., Output = 4 in., and 3-m Cable Figure 12
DE =0 dB, EQ =7 dB, Input = 32 in., Output = 4 in., and 3-m Cable Figure 13
DE =0 dB, EQ =7 dB, Input = 36 in., Output = 4 in., and 3-m Cable Figure 14
DE =0 dB, EQ = 15 dB, Input = 36 in., Output = 4 in., and 3-m Cable Figure 15
DE =0 dB, EQ = 15 dB, Input = 48 in., Output = 4 in., and 3-m Cable Figure 16

Table 2. Case Il Fixed Input and Variable Output Trace (3-m Cable)

GRAPH TITLE FIGURE
DE = 0dB, EQ = 7 dB, Input = 12 in., Output = 4 in., and 3-m Cable Figure 17
DE = 0dB, EQ = 7 dB, Input = 12 in., Output = 8 in., and 3-m Cable Figure 18
DE = 0dB, EQ = 7 dB, Input = 12 in., Output = 12 in., and 3-m Cable Figure 19
DE = 0dB, EQ = 7 dB, Input = 12 in., Output = 16 in., and 3-m Cable Figure 20
DE = 0dB, EQ = 7 dB, Input = 12 in., Output = 20 in., and 3-m Cable Figure 21

Table 3. Case lll Fixed Input and Variable Output Trace (No Cable)

GRAPH TITLE FIGURE
DE = 0dB, EQ = 7 dB, Input = 12 in., and Output = 8 in. Figure 22
DE = 0dB, EQ = 7 dB, Input = 12 in., and Output = 32 in. Figure 23
DE = 0dB, EQ = 7 dB, Input = 12 in., and Output = 36 in. Figure 24
DE =-3.5dB, EQ = 7 dB, Input = 12 in., and Output = 36 in. Figure 25
DE = -6 dB, EQ = 7 dB, Input = 12 in., and Output = 40 in. Figure 26
DE = -6 dB, EQ = 7 dB, Input = 12 in., and Output = 44 in. Figure 27
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6.7.1 Case | — Fixed Output, Variable Input Trace, and 3-m Cable

e
Figure 7. DE =0 dB, EQ =0 dB, Input =4 in.,
Output = 4 in., and 3-m Cable
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Figure 8. DE = 0 dB, EQ = 0 dB, Input = 8 in.,

Output = 4 in., and 3-m Cable
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Figure 9. DE = 0 dB, EQ = 0 dB, Input = 12 in.,
Output = 4 in., and 3-m Cable
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Figure 10. DE = 0 dB, EQ = 0 dB, Input = 16 in.,

Output = 4 in., and 3-m Cable
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Figure 11. DE = 0 dB, EQ = 0 dB, Input = 20 in.,
Output = 4 in., and 3-m Cable
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Figure 12. DE = 0 dB, EQ = 7 dB, Input = 24 in.,

Output = 4 in., and 3-m Cable
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Case | — Fixed Output, Variable Input Trace, and 3-m Cable (continued)
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Figure 13. DE = 0 dB, EQ = 7 dB, Input = 32 in.,
Output = 4 in., and 3-m Cable
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Figure 14. DE = 0 dB, EQ = 7 dB, Input = 36 in.,
Output = 4 in., and 3-m Cable
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Figure 15. DE = 0 dB, EQ = 15 dB, Input = 36 in.,
Output = 4 in., and 3-m Cable
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Figure 16. DE = 0 dB, EQ = 15 dB, Input = 48 in.,
Output = 4 in., and 3-m Cable
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6.7.2 Case Il - Fixed Input, Variable Output Trace, and 3-m Cable
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Figure 17. DE = 0 dB, EQ = 7 dB, Input = 12 in.,

Figure 18. DE = 0 dB, EQ = 7 dB, Input = 12 in.,
Output = 4 in., and 3-m Cable

Output = 8 in., and 3-m Cable

Figure 19. DE = 0 dB, EQ = 7 dB, Input = 12 in.,

Figure 20. DE = 0 dB, EQ = 7 dB, Input = 12 in.,
Output = 12 in., and 3-m Cable

Output = 16 in., and 3-m Cable
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Figure 21. DE = 0 dB, EQ = 7 dB, Input = 12 in., Output = 20 in., and 3-m Cable
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6.7.3 Case lll - Fixed Input and Variable Output Trace (No Cable)
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Figure 22. DE = 0 dB, EQ = 7 dB, Input = 12 in.,
and Output = 8 in.
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Figure 23. DE = 0 dB, EQ = 7 dB, Input = 12 in.,
and Output = 32 in.
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Figure 24. DE = 0 dB, EQ = 7 dB, Input = 12 in.,
and Output = 36 in.

i
a2 Flug)

i e Tal
5

Figure 25. DE = -3.5 dB, EQ = 7 dB, Input = 12 in,,
and Output = 36 in.
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Figure 26. DE = -6 dB, EQ = 7 dB, Input = 12 in.,
and Output = 40 in.

Figure 27. DE = -6 dB, EQ = 7 dB, Input = 12 in.,
and Output = 44 in.
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7

Parameter Measurement Information

7.1 Typical Eye Diagram and Performance Curves

Device operating conditions: VCC = 3.3 V, temperature = 25°C, EQx, DEx, and OSx set to their default values
(when not mentioned). Measurement equipment details:

Generator (source) LeCroy PERT3
Signal: 5 Gbps, 1000 mV,, 3.5 dB de-emphasis

Tj and Dj measurements based on CP0O (USB 3.0 compliance pattern) which is D0.0 or logical idle with SKP
sequences removed

Rj measurements based on CP1 or D10.2 symbol containing alternating 0s and 1s at Nyquist frequency
Oscilloscope (sink) LeCroy 25-GHz real-time oscilloscope
LeCroy QualiPHY software used to measure jitter and collect compliance eye diagrams

LVPES502A

4mil 4 mil 3m

Input \ Output= 4" u
-l

USB 3.0 Source | Ila-ec]tr'oy 258>GHz
EQ DE =0dB ealtime Scope

Copyright © 2016, Texas Instruments Incorporated
Output Deterministic Jitter (Post Compliance Cable Channel and CTLE)
versus Input Trace Length (output trace fixed at 4")
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Figure 28. Plot 1 — Fixed Output Trace With Variable Input Trace and 3-m USB 3.0 Cable
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Typical Eye Diagram and Performance Curves (continued)

LVPE502A
|nput =12" \ oUtpUt MI:
4mil /]' 4 mil 3m
USB 3.0 Source | LeCrpy 25 GHz
EQ=7dB DE=0dB Realtime Scope

Copyright © 2016, Texas Instruments Incorporated
Output Deterministic Jitter (Post Compliance Cable Channel and CTLE)
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Figure 29. Plot 2 — Fixed Input Trace With Variable Output Trace and 3-m USB 3.0 Cable
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Typical Eye Diagram and Performance Curves (continued)
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Figure 30. Plot 3 — Fixed Input Trace With Variable Output Trace (No Cable)
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8 Detailed Description

8.1 Overview

When 5-Gbps SuperSpeed USB signals travel across a PCB or cable, signal integrity degrades due to loss and
inter-symbol interference (I1S1). The SN65LVPES02x devices recover incoming data by applying equalization that
compensates for channel loss, and drives out signals with a high differential voltage. This extends the possible
channel length, and enables systems to pass USB 3.0 compliance. The SN65LVPE502x is located at the Host
side. After power up, the SN65LVPES502x periodically performs receiver detection on the TX pair. If it detects a
SuperSpeed USB receiver, the RX termination is enabled, and the SN65LVPE502x is ready to redrive. The
receiver equalizer has three gain settings that are controlled by terminal EQ: 0 dB, 7 dB, and 15 dB. The
equalization must be set based on amount of insertion loss in the channel before the SN65LVPES02x. Likewise,
the output driver supports configuration of de-emphasis and output swing (terminals DE and OS).

8.2 Functional Block Diagram

CM/EN_RXD
Detect
Host RX1+ — & Device_TX1+
£
c
€ Receiver/ .
E Equalizer CHANNEL 1 Driver
©
>
Host_RX1- [a] .
] Device_TX1-
- e VTX_CM_DC
EQ2 CNTRL _CM_
[
DET DEMP —
DE2 CNTRL j)/ /
Host_TX2+ 5 Device_RX2+
©
. £
Driver CHANNEL 2 Recelyer/ E
Equalizer S
E
Host_TX2- T * a Device_RX2-
VTX_CM_DC 0s
Detect || CNTRL
_| CM/EN_RXD
0S1 0S2

Copyright © 2016, Texas Instruments Incorporated

8.3 Feature Description

8.3.1 Host- and Device-Side Pins

The SN65LVPES02x features a link state machine that makes the device transparent on the USB 3.0 bus while
minimizing power. The state machine relies on the system host to be connected to the pins named Host. USB
3.0 devices must be connected to the pins named Device. Multiple SN65LVPE502x devices may be used in
series.
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Feature Description (continued)
8.3.2 Programmable EQ, De-Emphasis and Amplitude Swing

The SN65LVPE502x is designed to minimize signal degradation effects such as crosstalk and inter-symbol
interference (ISI) that limits the interconnect distance between two devices. The input stage of each channel
offers selectable equalization settings that can be programmed to match loss in the channel. The differential
outputs provide selectable de-emphasis to compensate for any anticipated USB 3.0 signal distortion
experienced. The level of de-emphasis depends on the length of interconnect and its characteristics. The
SNB65LVPES02x provides a unique way to tailor output de-emphasis on a per channel basis with use of DE and
OS pins. All RX and TX equalization settings supported by the device are programmed by six 3-state pins as
shown in Table 4.

Table 4. Signal Control Pin Setting

OUTPUT SWING AND EQ CONTROL (AT 2.5 GHz)
osx™ TRANSISTION BIT AMPLITUDE, EQx® EQUALIZATION
TYPICAL (mVp,) (dB)
NC (default) 1042 NC (default) 0
0 908 0 7
1 1127 1 15
OUTPUT DE CONTROL (AT 2.5 GHz)
DEx(" osx(M =NC osxM=0 osx(M =1
NC (default) 0dB 0dB 0dB
0 -35dB -2.2dB 4.4 dB
1 -6 dB -52dB -6 dB

(1) Where x = Channel 1 or Channel 2
8.3.3 Receiver Detection

8.3.3.1 At Power Up or Reset

After power-up or anytime EN_RXD is toggled, RX.Detect cycle is performed by first setting RX termination for
each channel to Hi-Z, device then starts sensing for receiver termination that may be attached at the other end of
each TX.

If the receiver is detected on both channel, the TX and RX terminations are switched t0 Zprr 1x, ZpiFr Rx
respectively.

If no receiver is detected on one or both channels, the transmitter is pulled to Hi-Z; the channel is put in low-
power mode; and the device attempts to detect RX termination in 12 ms (typical) interval until termination is
found or device is put in sleep mode.

8.3.3.2 During U2/U3 Link State

RX detection is also performed periodically when link is in U2/U3 states. However in these states during RX
detection, input termination is not automatically disabled before performing RX.Detect. If termination is found
device goes back to its low power state if termination is not found then device disables its input termination and
then jumps to power-up RX.Detect state.

8.3.4 Electrical Idle Support

Electrical idle support is required for low frequency periodic signaling (LFPS) used in USB 3.0 side band
communication. A link is in an electrical idle state when the TXt voltage is held at a steady constant value like
the common mode voltage. SN65LVPES02x detects an electrical idle state when RX+ voltage at the device pin
falls below VRX_LFPS_DIFF,, minimum. After detection of an idle state in a given channel the device asserts
electrical idle state in its corresponding TX. When RXt voltage exceeds VRX_LFPS_DIFF,, maximum normal
operation is restored and output start passing input signal. Electrical idle exit and entry time is specified at <6 ns.
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8.4 Device Functional Modes

8.4.1 Active Mode

This operating mode is enabled when EN_RXD is driven to VCC and the device has successfully detected the
connection with Host and Device, the redriver applies the desired equalization to the inputs, and drives the output
with the selected output swing and de-emphasis.

8.4.2 Low-Power Modes
Device supports three low-power modes as described in Sleep Mode, RX Detect Mode, and U2/U3 Mode.

8.4.2.1 Sleep Mode

Initiated anytime EN_RXD undergoes a high to low transition and stays low or when device powers up with
EN_RXD set low. In sleep mode both input and output terminations are held at HiZ and device ceases operation
to conserve power. Sleep mode maximum current consumption is 0.1 mA. Entry time is 2 us, the device exits
sleep mode to Rx.Detect mode after EN_RXD is driven to VCC, and exit time is 100 us maximum. Table 5 lists
the control pin settings for sleep mode.

Table 5. Control Pin Settings

EN_RXD DEVICE FUNCTION
1 (default) Normal operation
0 Sleep mode

8.4.2.2 RX Detect Mode
This mode is only achievable when no remote device is connected.

Anytime SN65LVPE502x detects a break in link (that is, when upstream device is disconnected) or after power
up fails to find a remote device, SN65LVPE502x goes to Rx Detect mode and conserves power by shutting down
majority of its internal circuitry. In this mode, the input termination for both channels is driven to Hi-Z. In Rx
Detect mode the maximum device current consumption is 5mA, which is about the 5% of its normal operating
power. This feature is useful in saving system power in mobile applications, such as notebook PCs, where
battery life is critical. Anytime an upstream device gets reconnected, the redriver automatically senses the
connection and goes to normal operating mode. This operation requires no setting to the device.

8.4.2.3 U2/U3 Mode

With the help of internal timers, the device tracks when link enters USB 3.0 low power modes U2 and US3; in
these modes, link is in electrical idle state. SN65LVPES02x selectively turns off internal circuitry to save on
power. Typical power saving is about 75% lower than normal operating mode. The device automatically reverts
to active mode when signal activity (LFPS) is detected.
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the Tl 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

One example of the SN65LVPES502x used in a Host application on transmit and receive channels is shown in
Typical Application. The redriver is required on the PCB path to pass transmitter compliance due to loss between
the Host and connector. The redriver uses its equalization to recover the insertion loss and re-drive the signal
with boosted swing down the remaining channel, through the USB 3.0 cable, and into the device PCB.
Additionally on the receiver path, the SN65LVPE502x compensated for the Host to pass receiver jitter tolerance.
The redriver recovers the loss from the device PCB, connector, and USB 3.0 cable and redrives the signal going
into the Host receiver. The equalization, output swing, and de-emphasis settings are dependent upon the type of
USB 3.0 signal path and end application.

9.2 Typical Application

r Main PCB USB
Redriver Connector

I
B — = :
I

I Main PCB I Connector l Device PCB

USB Host Redriver Device
S S S

il A

H ——IH
{] {] Z / ——

- > 3MUSB ‘o »
| 20" 30Cable | 16 — — — 4

lavhs
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Figure 31. Typical Application Schematic

9.2.1 Design Requirements
Table 6 lists the parameters for this example.

Table 6. Application Parameters

PARAMETER VALUE
Input voltage range 100 mV to 1200 mV
Output voltage range 1050 mV to 1200 mV
Equalization 0,7, 15 bD (2.5 Gbps)
De-emphasis 0, =3, -5 dB (OS floating)
VCC 3.3-V nominal supply
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9.2.2 Detailed Design Procedure

The SN65LVPES502x is placed in the Host side and connected to a USB3 Type-A connector. The EQ and DE
terminals must be pulled up, pulled down, or left floating depending on the amount of equalization or de-
emphasis that is desired. The OS terminal must be pulled down or left floating depending on the required output
swing. This device has terminals to be exclusively connected to the Host and to the device accordingly. In this
Host side (even though the RX and TX pairs must be AC-coupled), this is an embedded implementation and
Figure 31 only shows the AC-coupling capacitors on the TX pair to follow the convention.

To begin the design process, determine the following:
» Equalization (EQ) setting

+ De-emphasis (DE) setting

+ Output swing amplitude (OS) setting

The equalization must be set based on the insertion loss in the pre-channel (channel before the SN65LVPE502x
device). The input voltage to the device is able to have a large range because of the receiver sensitivity and the
available EQ settings. The EQ terminal can be pulled high through a resistor to VCC, low through a resistor to
ground, or left floating. The de-emphasis setting must be set based on the length and characteristics of the post
channel (channel after the SN65LVPES02x device). Output de-emphasis can be tailored using the DE terminal.
This terminal must be pulled high through a resistor to VCC, low through a resistor to ground, or left floating. The
output swing setting can also be configured based on the amplitude requirement to pass the compliance test.
This setting is also based on the length of interconnect or cable the SN65LVPE502x is driving. This terminal
must be pulled low through a resistor to ground or left floating.

9.2.3 Application Curves

Measured at device end with DE = 0 dB, EQ = 0 dB, Measured at device end with DE = 0 dB, EQ = 7 dB,
pre-channel_: 20 in., and post-channel = 4 in. plus 3-m_cab|e pre-channel = 20 in., and post-channel = 4 in. plus 3-m cable
Figure 32. Eye-Mask Measured at the Device End Figure 33. Eye-Mask With 7-dB Equalization

With No Equalization
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10 Power Supply Recommendations
The SN65LVPE5S02x is designed to operate with a single, 3.3-V supply.

11 Layout

11.1 Layout Guidelines

1. The 100-nF capacitors on the TXP and SSTXN nets must be placed close to the USB connector (Type A,
Type B, and so forth).

2. The ESD and EMI protection devices (if used) must also be placed as close as possible to the USB
connector.

3. Place voltage regulators as far away as possible from the differential pairs.

4. In general, the large bulk capacitors associated with each power rail must be placed as close as possible to
the voltage regulators.

5. Tl recommends that small decoupling capacitors for the 1.8-V power rail be placed close to the
SNB65LVPES02x as shown below.

6. The SuperSpeed differential pair traces for RXP/N and TXP/N must be designed with a characteristic
impedance of 90 Q +10%. The PCB stack-up and materials determine the width and spacing required for a
characteristic impedance of 90 Q.

7. The SuperSpeed differential pair traces must be routed parallel to each other as much as possible. TI
recommends the traces be symmetrical.

8. To minimize crosstalk, Tl recommends keeping high-speed signals away from each other. Each pair must be
separated by at least 5 times the signal trace width. Separating with ground also helps minimize crosstalk.

9. Route all differential pairs on the same layer adjacent to a solid ground plane.

10. Do not route differential pairs over any plane split.

11. Adding test points causes impedance discontinuity and therefore negatively impacts signal performance. If

test points are used, they must be placed in series and symmetrically. They must not be placed in a manner
that causes stub on the differential pair.

12. Match the etch lengths of the differential pair traces. There must be less than 5-mils difference between a
SS differential pair signal and its complement. The USB 2.0 differential pairs must not exceed 50-mils relative
trace length difference.

13. The etch lengths of the differential pair groups do not need to match (that is, the length of the RXP/N pair to
that of the TXP/N pair), but all trace lengths must be minimized.

14. Minimize the use of vias in the differential pair paths as much as possible. If this is not practical, make sure
that the same via type and placement are used for both signals in a pair. Any vias used must be placed as
close as possible to the SN65LVPE5S02x device.

15. To ease routing, the polarity of the SS differential pairs can be swapped. This means that TXP can be
routed to TXN or RXN can be routed to RXP.

16. Do not place power fuses across the differential pair traces.
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11.2 Layout Example

Figure 34. SN65LVPE502A USB 3.0 Signals Routing With Embedded Host and Std. Type A Connector
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12 Device and Documentation Support

12.1 Documentation Support

12.1.1 Related Documentation

For related documentation see the following:
SN65LVPES5S02A to TUSB522P Change Document (SLLA363)

12.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

12.3 Community Resources

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

12.4 Trademarks

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

12.5 Electrostatic Discharge Caution

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

12.6 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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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
SN65LVPE502ARGER NRND VQFN RGE 24 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 502A
SN65LVPE502ARLLR NRND VQFN RLL 24 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 SN502A
SN65LVPE5S02ARLLT NRND VQFN RLL 24 TBD Call Tl Call Tl -40 to 85
SN65LVPES502BRGER NRND VQFN RGE 24 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 502B

® 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.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ 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.

© ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI'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 TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
R R R T
el |o o Bo W
resl |
. 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 O O 0O OO0 O0 Sprocket Holes
1 1
[ [
Sl I —
A4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
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)
SN65LVPES02ARGER | VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
SN65LVPES02ARLLR VQFN RLL 24 3000 330.0 12.4 3.3 3.3 11 8.0 12.0 Q2
SN65LVPE502BRGER | VQFN RGE 24 3000 330.0 12.4 425 | 4.25 | 1.15 8.0 12.0 Q2
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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)

SN65LVPES502ARGER VQFN RGE 24 3000 356.0 356.0 35.0
SN65LVPE502ARLLR VQFN RLL 24 3000 346.0 346.0 33.0
SN65LVPE502BRGER VQFN RGE 24 3000 356.0 356.0 35.0
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GENERIC PACKAGE VIEW
RGE 24 VQFN -1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
RGE0024C VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

514 35

PIN 1 INDEX AREA /

wh
[N

it I N Yy O Y Y |
0.05

0.00 ‘—7 2x

—— 02.1:0.1 — Y —~| [ 2TYP

(|13
-

| (] s
-
(:4
CTE

PIN1ID ﬂ ﬂ ﬂ\ﬂ ﬂ ﬁ 24X 039

(OPTIONAL) 24 SYlivIM 19 ° 0A@[ClAlB
¢ 24x0%0 0.05@|C

4224376/ C 07/2021

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.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RGE0024C VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

B (5.8) g
i (@2.1) ‘
i 24 ‘ 19 i
- 00080
24X (0.24) ‘ | ‘
Tjﬁ1 ‘ 18
20x(05) | ‘
Plen [T | o
| -
syMM_ —+— /{%@qu} 77777 S AN
Cp | |
| | ©8)
(@O_I._%()PVIA/C] &’*’f**** —{— —T
JPan mml

=

" G080

2X(0.8) =
SYMM
¢

LAND PATTERN EXAMPLE
SCALE: 20X

0.07 MAX 0.07 MIN
ALL AROUND ﬂ f* METAL ﬂ [« ALL AROUND
(M SOLDER MASK
1 OPENING
(

™.__ SOLDER MASK M_,)\ METAL UNDER
OPENING SOLDER MASK

NON SOLDER MASK
DEFINED SOLDER MASK

(PREFERRED) DEFINED

SOLDER MASK DETAILS
4224376/ C 06/2021

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments
literature number SLUA271 (www.ti.com/lit/slua271).
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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RGE0024C

EXAMPLE STENCIL DESIGN

VQFN - 1 mm max height

PLASTIC QUAD FLATPACK- NO LEAD

24X (0.24)

—
20X (0.5)
B I

1@
°

. 0|
6 [ |
(R0.05) TYP ‘

afilslilehie

(3.8)

|
!
\ 4X (0.94)
|

—Hadead—

7 \ 12
. (0.57)
SYMM TYP
¢

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD
80% PRINTED COVERAGE BY AREA
SCALE: 20X

18

4224376/ C 06/2021

NOTES: (continued)

6. 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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MECHANICAL DATA

RLL (S—PVQFN—N24) PLASTIC QUAD FLATPACK NO—LEAD

.M|_u
Sl
p-=l

N
o

]
|
|

PIN 1 INDEX AREA —54] /\A

TOP AND BOTTOM ’ |
1,00
080}
[ 0,20 REF.
2 =E-'=E'—E'—|:'—E'—'*T_—¢— 5 f SEATING PLANE
[2]o.08 005 |
0,00
>e— 4x 0,05 TYP
24x 0,25 2% 0,50 PR 1o
' 1 24 1 i
|
U
1 | | | ]
THERI PAD
- i ]
— 1
3 —EI'—smmiZgﬁAg As%AT'EE—sufn—E
ax %42 '
0.35 - ] | O]
1
- | | | = 4x 0,05 TYP
X U,
QOOMMan u_%

T
24x 0,25 292 | le i
' o0x 225 [ploto®@cTATE]

0,15 Zloos®@[c]

4214704/C 0813

NOTES: A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. Quad Flatpack, No—leads (QFN) package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.
E

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
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PACKAGE OUTLINE

VQFN - 0.9 mm max height

RLL0024A
PLASTIC QUAD FLATPACK - NO LEAD
B T 39 [A]
A
PIN 1 INDEX AREA— >
0.9 MAX
1

0.05
0.00

SXT—" T 8 04] [ 4x o5 TYP

OW LTI OFf

O

EXPOSED
THERMAL PAD

| []
SYMM T 25
M : _ _ L 2
O
¢ | 18
045 |
4X 035 ]

\E/DLHDD

(OP'IPII(')\IN1AIII_D)J I T T Qs

|~ 4X (0.05) TYP

0.25 01M|C|A|B
16X
015 | % 0.05|C

SYMM
¢

N
D

4217760/ C 11/2021

NOTES:

1.

2.
3.

All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
This drawing is subject to change without notice.

The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RLL0024A VQFN - 0.9 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
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NON SOLDER MASK SOLDER MASK
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SOLDER MASK DETAILS
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments
literature number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their
locations shown on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RLL0024A VQFN - 0.9 mm max height
PLASTIC QUAD FLATPACK - NO LEAD

e B

(R0.05)
TYP

(2.65)

(2.95)

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL

EXPOSED PAD

81% PRINTED COVERAGE BY AREA
SCALE: 20X

4217760/ C 10/2021

NOTES: (continued)

6. 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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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated
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