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5 Pin Configuration and Functions

SN65LVPES02A RGE Package
24-Pin VQFN With Exposed Thermal Pad
Top View

GND EN_RXD OS1 DE1 EQ1 VCC

SN65LVPES02B RGE Package
24-Pin VQFN With Exposed Thermal Pad
Top View

NC DE2 NC NC NC vcc

NC 7z} NC EQ2 NC
- Device_TX1- i N |
Host_RX1 evice_ Device_RX2 Host TX2-
CH1 CH2 -
Host RX1+ Device_TX1+ Device_RX2+ - 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 RX1-
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 1
TYPEW DESCRIPTION
NAME SN65LVPES02A SN65LVPES02B
HIGH SPEED DIFFERENTIAL 1/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 O 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 O 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 O 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 O 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 Vcc.
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) 1= Input, O = Output, P = Power

Copyright © 2012-2016, Texas Instruments Incorporated
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Pin Functions — RGE Packages (continued)

PIN
TYPE® DESCRIPTION
NAME SN65LVPES02A SN65LVPE5S02B
EQ CONTROL PINS®
LVCMOS, selects de-emphasis settings for CH1 and CH2 per
DE1, DE2 3,16 16,5 ! Table 4; internally tied to Vcc/2.
LVCMOS, selects equalization settings for CH1 and CH2 per
EQL EQ2 2,17 15,7 ! Table 4, internally tied to Vc/2.
LVCMOS, selects output amplitude for CH1 and CH2 per
0s1, 0s2 4,15 - ! Table 4, internally tied to Vcc/2.
POWER PINS®
6, 10, 18, 21,
GND Thermal Pad 10, 21, Thermal Pad P Supply ground
VCC 1,13 1,13 P Positive supply; must be 3.3 V £10%

(2) Internally biased to V¢c/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 SN65LVPES02B, pins 10 and 21 must be connected to GND, while 6 and 18 may be NC. For SN65LVPES02A, TI recommends at
least two of the four pins (6, 10, 18, 21) be connected to ground.

SN65LVPES02A 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+
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Pin Functions — RLL Package

PIN

TYPE® DESCRIPTION
NAME NO.
HIGH SPEED DIFFERENTIAL 1/O 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— 1 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 o 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.
Host TX2+ 23 o CML, noninverting 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.
DEVICE CONTROL PINS
EN_RXD 17 | LVCMOS, sets device operation modes per Table 4; internally pulled to Vcc.
NC 1,2,6,12, 18,24 — Pads are not internally connected.
EQ CONTROL PINS®
DEL, DE2 15, 4 | LVCMOS, selects de-emphasis settings for CH1 and CH2 per Table 4; internally tied
to Vcclz.
EQL, EQ2 14,5 | LVCMOS, selects equalization settings for CH1 and CH2 per Table 4; internally tied
to Vcc/z.
081, 0S2 16, NC® | I\./VC/I;/IOS, selects output amplitude for CH1 and CH2 per Table 4; internally tied to
ccl/e.
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 Vcc/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) The SN65LVPES02A RLL package has OS2 internal no-connect to select the 1042-mV, level on TX2.

Copyright © 2012-2016, 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

Supply voltage, Vcc® -0.5 4 Y

Differential 1/0 -0.5 4 \%
Voltage

Control 1/10 -0.5 VCC + 0.5 \%
Continuous power dissipation See Dissipation Ratings
Storage temperature, Tgyg —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 ANS/ESDA/JEDEC JS-001®) +5000
V(esp) Eilscc;raorzt:tlc Charged-device model (CDM), per JEDEC specification JESD22-C101?) +1500 Y
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 \%
Ccoupuing  AC-coupling capacitor 75 200 nF
Ta Operating free-air temperature -40 85 °C
DEVICE PARAMETERS
lccceee Supply current Eggl;);gt’tsri\gtj’SEGQbSQ,tr\I/I_DN:CiOOO Moy 100 120 mA
ICCrx petect Supply current In RX.Detect mode 2 5 mA
ICCesleep Supply current EN_RXD = GND 0.01 0.1 mA
ICCys.uz Supply current Link in USB low power state 21 mA
Maximum data rate 5| Gbps
o  Device enable time with RX termnation presant 100 s
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
\m High-level input voltage 2.8 Ve Vv
Vi Low-level input voltage -0.3 0.5 Vv
Vhys Input hysteresis 150 mV
OSx, EQx, DEX = V¢ 30
I High level input current EN_RXD = Vcc 1 A
RSVD = V¢ 30
OSx, EQx, DEx = GND -30
I Low level input current EN_RXD = GND -30 A
RSVD = GND -1

6 Copyright © 2012-2016, Texas Instruments Incorporated
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6.4 Thermal Information

SN65LVPE5S02A, SN65LVPE5S02B
THERMAL METRIC® RGE (VQFN) RLL (VQFN) UNIT
24 PINS 24 PINS
Rgia Junction-to-ambient thermal resistance 46 41.6 °C/W
Rojctop) Junction-to-case (top) thermal resistance 42 43.2 °C/W
Rgis Junction-to-board thermal resistance 13 115 °C/W
WIT Junction-to-top characterization parameter 4 6.3 °C/W
viB Junction-to-board characterization parameter — 1.1 °C/W
Rosc (ot Junction-to-case (bottom) thermal resistance — 115 °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
over recommended operating conditions (unless otherwise noted)

output voltage

PARAMETER | TEST CONDITIONS MIN  TYP MAX UNIT
RECEIVER AC/DC
Vingi pp RX1, RX2 input voltage swing AC-coupled differential RX peak-to-peak signal 100 1200 mVy,
VCM_RX RX1, RX2 common mode voltage 3.3 \%
Vincowm_p \F,{g%—,{gixz AC peak common mode Measured at RX pins with termination enabled 150 mVp,
Zcm Rx DC common mode impedance 18 26 30 Q
Zgit RX DC differential input impedance 72 80 120 Q
Zeo g e+ DC Input high impedance measured with respect 1o GND over 500 mV masimum 50 85 ko
v Low frequency periodic signaling Measured at receiver pin, bel_ow minimum output is
RX-LFPS-DET-PP (LFPS) detect threshold zﬂtj;llj(t:hed, above maximum input signal is passed to 100 300 mVy,
RLrx-pIFF Differential return loss 50 MHz 0 1.25 GHz 10 = 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
V1XDIFF_TB-PP voltage, transition bit (VID = 800, R =100 Q +1%, DEx = NC, OSx = GND 908 mvV
1200 mVpp, 5 Gbps) R, = 100 Q +1%, DEx = NC, OSx = VCC 1127
Differential peak-to-peak output Ry =100 @ £1%, DEx = NC, OSx =0, 1, NC 1042
V1XDIFF_NTB-PP voltage, non-transition bit (VID = 800, | R_ =100 Q +1%, DEx =0, OSx =0, 1, NC 661 mV
1200 mVpy, 5 Gbps) R = 100 Q +1%, DEx = 1, OSx = 0, 1, NC 507
DE1/DE2 = NC 0
bE De-emphasis level OS1, 2 = NC DE1/DE2 = 0 (SN65LVPE502A, RLL package) -35 dB
(for 0S1, 2 =1 and 0, see Table 4) DE1/DE2 = 0 (SN65LVPE502x, RGE packages) -3 -35 -4
DE1/DE2 =1 -6
Toe De-emphasis width 0.85 Ul
Zgits Tx DC differential impedance 72 90 120 Q
Zem_Tx DC common mode impedance Measured w.r.t to AC ground over 0 V to 500 mV 18 23 30 Q
RLgit 1% Differential return loss =50 MHz to 125 GHz 10 dB
- f=1.25 GHz to 2.5 GHz 7
RLem T Common mode return loss f=50 MHz to 2.5 GHz 11 12 dB
Irx_sc TX short circuit current TX+ shorted to GND 60 mA
Vix o oc I(r)igzr:mer DC common mode 0Sx = NC 2 26 3 v
V1x_cM_AC_Active TX AC common mode voltage active 30 100 mVy,
VTX_idle_diff-ACyp Electrical idle differential peak to peak HPF to remove DC 0 10 MV

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
Vrx_om_peltau1-uo during active and idle states 85 200 mv
Ve o DC Electrical idle differential output Voltage must be low pass filtered to remove any AC 0 10 mv

TX_idle_diff-DC voltage component
Vgetect gggiﬁle change to allow receiver Positive voltage to sense receiver termination 600 mvV
0, 0, i i i
o e Output rise and fall time 20% to %_BOA) of differential voltage measured 1 in. from the 20 65 ps
output pin
0, 0, i i i
- Output rise and fall time mismatch 20% to 80% of differential voltage measured 1 in. from the 15 20 ps
- output pin
) ) . . B 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
tidieEntry» 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
TrxeveP® Total jitter (Tj) at point A Device setting: OS1 =L, DE1 = —6 dB, EQ1 =7 dB 023 05| UI,®
DIy @ Deterministic jitter (Dj) Device setting: OS1 =L, DE1 = -6 dB, EQ1 = 7 dB 014 03| Ul,®
Ry @@ Random jitter (Rj) Device setting: OS1 =L, DE1 = —6 dB, EQ1 =7 dB 008 02| Ul,®
Trxeve D@ Total jitter (Tj) at point B Device setting: OS2 = H, DE2 = -6 dB, EQ2 = 7 dB 015 05| Ulp,®
DJrx@ Deterministic jitter (Dj) Device setting: OS2 = H, DE2 = -6 dB, EQ2 = 7 dB 0.07 03| Ul®
Ry @@ Random jitter (Rj) Device setting: 0S2 = H, DE2 = -6 dB, EQ2 = 7 dB 0.08 02| Ul,p®

(1) Includes RJ at 10~*? 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 mV,, 5 Gbps, and -3.5 dB DE from source.

(3) UI'=200 ps

(4) Rjcalculated as 14.069 times the RMS random jitter for 1072 BER.

6.6 Dissipation Ratings

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

PARAMETER TEST CONDITIONS MIN TYP MAX® | UNIT

. L RSVD, EN_RXD, EQ cntrl pins = NC,
Pp Device power dissipation K28.5 pattern at 5 Gbps, Vip = 1000 MV, 330 450 | mw
Psjp  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 SN65LVPES502x is designed to operate from a single, 3.3-V

supply.

Copyright © 2012-2016, Texas Instruments Incorporated
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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 =0dB, EQ = 0dB, Input = 4 in., Output = 4 in., and 3-m Cable Figure 7
DE =0dB, EQ =0 dB, Input = 8 in., OQutput = 4 in., and 3-m Cable Figure 8
DE =0dB, EQ = 0dB, Input = 12 in., Output = 4 in., and 3-m Cable Figure 9
DE =0dB, EQ = 0dB, Input = 16 in., Output = 4 in., and 3-m Cable Figure 10
DE =0dB, EQ = 0dB, Input = 20 in., Output = 4 in., and 3-m Cable Figure 11
DE =0dB, EQ =7 dB, Input = 24 in., Output = 4 in., and 3-m Cable Figure 12
DE =0dB, EQ =7 dB, Input = 32 in., Output = 4 in., and 3-m Cable Figure 13
DE =0dB, EQ =7 dB, Input = 36 in., Output = 4 in., and 3-m Cable Figure 14
DE = 0dB, EQ =15 dB, Input = 36 in., Output = 4 in., and 3-m Cable Figure 15
DE = 0dB, 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

Copyright © 2012-2016, Texas Instruments Incorporated
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6.7.1 Case | — Fixed Output, Variable Input Trace, and 3-m Cable
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Figure 7. DE=0dB, EQ =0dB, Input =4 in.,
Output = 4 in., and 3-m Cable
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Figure 8. DE=0dB, EQ =0dB, Input =8in.,
Output =4 in., and 3-m Cable
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Figure 9. DE =0dB, 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 =0dB, 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 =0dB, EQ = 7 dB, Input =32 in.,
Output =4 in., and 3-m Cable
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Figure 14. DE=0dB, 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

LeCroy

I;qsun E,wp:rq PrmaxF2  FIhmnFz) Pé:-- [ [ [ P [ PIE=-- Pre- Pi2--- E;;;:ou;«\g’ szm“ FIhmNFL) Pas- [ P (28 Pa--- E [ 1 P12-on
Figure 17. DE =0 dB, EQ = 7 dB, Input = 12 in., Figure 18. DE=0dB, EQ =7 dB, Input = 12 in.,
Output = 4 in., and 3-m Cable Output = 8in., and 3-m Cable
LeCroy LeCroy

s waRl PN P P R P P M- Pl B PR
Figure 19. DE=0dB, EQ =7 dB, Input =12 in., Figure 20. DE=0dB, 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)

Figure 22. DE=0dB, EQ =7 dB, Input =12 in.,
and Output = 8 in.

i
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Figure 23. DE=0dB, EQ =7 dB, Input =12 in.,
and Output = 32 in.
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Figure 24. DE=0dB, EQ =7 dB, Input =12 in.,
and Output = 36 in.
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Figure 25. DE = -3.5dB, 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.
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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 CP0 (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 ngHZ
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)
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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 (ISI). 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 SN65LVPES02x periodically performs receiver detection on the TX pair. If it detects a
SuperSpeed USB receiver, the RX termination is enabled, and the SN65LVPES502x 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 SN65LVPES502x. 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 i)
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 SN65LVPES502x 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
SN65LVPES02x 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)
) TRANSISTION BIT AMPLITUDE, EQx® EQUALIZATION
TYPICAL (mVpp) (dB)
NC (default) 1042 NC (default) 0
0 908 0 7
1 1127 1 15
OUTPUT DE CONTROL (AT 2.5 GHz)
DEx® osx® =NC osxW =0 osx® =1
NC (default) 0dB 0dB 0dB
0 -35dB —2.2dB -4.4dB
1 -6 dB —5.2dB -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 Zpee 1x, Zpirr 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 TX+ voltage is held at a steady constant value like
the common mode voltage. SN65LVPE5S02x 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 RX+ 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.

20 Copyright © 2012-2016, Texas Instruments Incorporated
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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 ps 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 SN65LVPES502x 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. SN65LVPE502x 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 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

One example of the SN65LVPE5S02x 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

|
R ——— :
' |
|

I Main PCB I Connector l Device PCB

USB Host Redriver Device
S S S

il A

H ——IH
{] {] Z / ——

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

lavhs

Copyright © 2016, Texas Instruments Incorporated

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 SN65LVPES02x 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:
e Equalization (EQ) setting

e De-emphasis (DE) setting

e 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 SN65LVPES502x 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 SN65LVPES02x 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_ cable 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 SN65LVPES02x 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. TI recommends that small decoupling capacitors for the 1.8-V power rail be placed close to the
SN65LVPES02x 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. Tl
recommends the traces be symmetrical.

8. To minimize crosstalk, TI 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 SN65LVPES02x 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

g poa

Figure 34. SN65LVPES502A USB 3.0 Sighals Routing With Embedded Host and Std. Type A Connector
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E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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A ¥
12.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

SN65LVPES502ARGER NRND Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 502A
SN65LVPES502ARGER.B NRND Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 502A

SN65LVPES02ARLLR NRND Production VQFN (RLL) | 24 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 SN502A
SN65LVPES502ARLLR.B NRND Production VQFN (RLL) | 24 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 SN502A

SN65LVPES02ARLLT NRND Production VQFN (RLL) | 24 - - Call Tl Call Tl -40 to 85

SN65LVPES502BRGER NRND Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 502B
SN65LVPES02BRGER.B NRND Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 502B

@ status: For more details on status, see our product life cycle.

@ Mmaterial type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI'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 Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

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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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 24-Jul-2025
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o 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 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—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 | 115 | 8.0 12.0 Q2
SN65LVPE502ARLLR VQFN RLL 24 3000 330.0 12.4 33 3.3 11 8.0 12.0 Q2
SN65LVPE502BRGER | VQFN RGE 24 3000 330.0 12.4 425 | 425 | 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 353.0 353.0 32.0
SN65LVPE502ARLLR VQFN RLL 24 3000 346.0 346.0 33.0
SN65LVPE502BRGER VQFN RGE 24 3000 353.0 353.0 32.0
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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

14 35

PIN 1 INDEX AREA /
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it I N R O N Y |
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0.00 — 2x

e—— 02.1£0.1 —= Y —] (0.2) TYP

(|13
-

| (] s
]
(:4
CT[

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
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SYMM

B
i f——— S
| |
e BB
24X (0.24) 1 ‘ ‘ !

i ‘
o /{%@25Q} Cbi (3.8)

(@0.2) VIA

e
i >
188000

2X(0.8) =
SYMM
¢

i

LAND PATTERN EXAMPLE
SCALE: 20X
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) 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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EXAMPLE STENCIL DESIGN
RGE0024C VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

| (3.8) i
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ﬁ BB{*BB%* ******* *
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

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

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

.r\>|_u
Sl
b

| (N
[8,]

]
|
|

PIN 1 INDEX AREA —54 ]

TOP AND BOTTOM 1
1,00
080 |
[ 0,20 REF.
L :=E|I=|:I—|:I—|:I—|:I—l_‘ i T ? SEATING PLANE
2008 005 ]
0,00
4— 4x 0,05 TYP
+,05
24X 0,25 35 0,50 ¢ {040
' 1 24 1 i
|
— o Ui o
=y | =
THER PAD
o il O
SIZE I\NI SHAPE
v __|'_SH'omrT SEPARATE SHEET B
0,45 !
X035 o | O
DL g
4x 0,05 TYP
QOonMmAono_s
+,05 I+ | X
24X 0,25 _—10 |
! 0,25 [,[o10®]
N

4214704/C 08,13

NOTES:

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.
This drawing is subject to change without notice.

Quad Flatpack, No—leads (QFN) package configuration.
The package thermal pad must be soldered to the board for thermal and mechanical performance.

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
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RLL0024A

PACKAGE OUTLINE
VQFN - 0.9 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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015 | % 0.05 | C

4217760/ C 11/2021

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
RLL0024A VQFN - 0.9 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
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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.

i3 Texas
INSTRUMENTS

www.ti.com


www.ti.com/lit/slua271

EXAMPLE STENCIL DESIGN
RLL0024A VQFN - 0.9 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL

EXPOSED PAD

81% PRINTED COVERAGE BY AREA
SCALE: 20X
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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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