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Quad Channel (Half X4 Lane) PCle Redriver/Equalizer

Check for Samples: SN65LVPE504

FEATURES

e 4 ldentical Channel PCle Equalizer/Redriver DESCRIPTION

e Support for Both PCle Gen | (2.5Gbps) and The SN65LVPES04 is a quad channel, half four lane
Gen Il (5.0 Gbps) Speed PCle redriver and signal conditioner supporting data

rates of up to 5.0Gbps. The device complies with
PCle spec revision 2.1, supporting electrical idle and
power management modes.

e Selectable Equalization, De-emphasis, and
Output Swing

e Per Channel Receive Detect (Lane Detection)

* Selectable Receiver Electrical Idle Threshold
Control

e Low Operating Power Modes

Programmable EQ, De-Emphasis and Amplitude
Swing

The SN65LVPES504 is designed to minimize the
signal degradation effects such as crosstalk and

— Supports Three Low-Power Modes to inter-symbol interference (ISI) that limits interconnect
Enable up to 80% Lower Operating Power distance between two devices. The input stage of

« Excellent Jitter and Loss Compensation each channel offers selectable equalization settings
Capability to 50" of 4-mil SL on FR4 that can be programmed to match loss in the

channel. The differential outputs provide selectable

* Small Foot Print —42 Pin 9 x 3.5 TQFN de-emphasis to compensate for the anticipated

Péckage ) . _ distortion PCle signal will experience. Both
» High Protection Against ESD Transient equalization and de-emphasis levels for all 4

— HBM: 6,000 V channels are controlled by the setting of signal

— CDM: 1,000 VV control pins EQ, DE and OS.

— MM: 200 V See Table 1 for EQ, DE and OS setting details.

APPLICATIONS

e« PC MB, Docking Station, Server,
Communication Platform, Backplane and
Cabled Application
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Figure 1. Data Flow Block Diagram

Q Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
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DEVICE OPERATION

Device PowerOn

Device initiates internal power-on reset after Vcc has stabilized. External reset can also be applied at anytime by
toggling RST pin. External reset is recommended after every device power-up. After 50us (MAX) from the
application of RST, device samples the state of EN_RXD, if it is set H device will enter Rx.Detect state where
each of the four channels will perform Rx.Detect function (as described in PCle spec). If EN_RXD is set L,
automatic RX detect function is disabled and all channels are enabled with their termination set to Zgx pc.

Receiver Detection

While EN_RXD pin is H and device is not in reset state (RST is H), LVPE504 performs RX.Detect on all its 4
channels indefinitely until remote termination is detected on at least one channel. When termination is detected
on = 1 CH, RX.Detect cycle is limited to 5 more tries on the other channels. At the end of 5" try those channels
which failed to detect remote termination will be turned off to save power and their Rx termination is set to
Zrx-uich- In the event device detects only three channels, all four channels are enabled.

Automatic Rx detection feature on all four channels can be forced off by driving EN_RXD low. In this state all
four channels input termination are set to Zgx pc.

Standby Mode

This is low power state triggered by RST = L. In standby mode receiver termination resistor for each of the four
channels is switched to Zgy gy Of >50 kQ and transmitters are pulled to Hi-Z state. Device power is reduced to
<10mW (TYP). To get device out of standby mode RST is toggled L-H.

Electrical Idle Support

A link is in an electrical idle state when the TX+ voltage is held at a steady constant value like the common mode
voltage. LVPE504 detects an electrical idle state when RX% input voltage of the associated channel falls below
Vep 14 Min and stays in this state for at least 20ns. After detection of an electrical idle state in a given channel
the device asserts electrical idle state in its corresponding TX. When RXz voltage exceeds Vgp 14 max, normal
operation is restored and output start passing input signal. Electrical idle exit and entry time is specified at < 8 ns
(MAX).

Electrical idle support is independent for each channel, however to lower active power it is possible to slave
electrical idle function from channel 1 to CH2-CH4. This mode is selected by driving PS2 to H.

Power Save Features

Device supports three power save modes as below:
1. Standby Mode

This mode can be enabled from any state (Rx detect or active) by driving RST L. In this state all 4 channels
have their termination set to Zgy_1icy @nd outputs are at Hi-Z. Device power is 10mwW (MAX).

2. Auto Low Power Mode

This mode is enabled when PS1 pin is tied H and device has been in active mode, i.e., past Rx detect state
for >250ms (TYP). In this mode anytime Vingi ., falls below selected Vgp 1y for a given channel and stays
below Vg p 14 for >1pus, the associated CH enters auto low power (ALP) mode where power/CH is reduced
by >80% of normal operating power/CH. A CH will exit ALP mode whenever Vingit_p.p €XCEEdS max Vgp tH
for that channel. Exit latency from ALP state is 30ns max. To use this mode link latency will need to account
for the ALP exit time for N_FTS. ALP mode is handled by each channel independently based on its input
differential signal level, unless slave mode is activated (PS2=H) when CH1 controls SQ detect of other
channels based on its signal level.

3. Slave Power Mode

This mode is activated by driving PS2 high. Under normal operation squelch detection is handled by each
channel independently. In slave mode SQ detection for CH2, CH3 and CH4 are turned off and squelch
function is slaved to that of CH1. By turning off squelch detection circuitry for three of the four channels
device saves power. To use this feature user must ensure all channels operate simultaneously
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Squelch Control
Controls electrical idle detect threshold level. Three levels are supported as shown in Table 1.

Beacon Support

With its broadband design, the SN65LVPES04 supports low frequency Beacon signal (as defined by PCle 2.1
spec) used to indicate wake-up event to the system by a downstream device when in L2 power state. All
requirements for a beacon signal as specified in PCI Express specification 2.1 must be met for device to pass
beacon signals.

NG

PCle Instrumentation Chassis/
compliant I/O expansion box/
cable Docking Station

Server/PC/Notebook
Cabled

Mainboard Midplane I/0 Module

1/0 Hub

1/0O Module

x4
~L~]

uP /0 Module

'_';4

R — SN75LVPE504

Backplane

Figure 2. LVPE504 Typical Applications
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DEVICE INFORMATION
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Figure 3. Flow-Through Pin-Out

PIN FUNCTIONS

NO. PIN NAME 1/10 TYPE DESCRIPTION
HIGH SPEED DIFFERENTIAL I/O PINS
3 RX1+
4 RX1-
6 RX2+
I RX2- I CML N_on—inverting and_ inv_erting CML d_iffe_rential input for CH 1 and CH 4. These pins are tied to an internal voltage
11 RX3+ ’ bias by dual termination resistor circuit
12 RX3-
14 RX4+
15 RX4—
36 TX1+
35 TX1- 0. CML N_on—inverting an_d inverting CML differential output for CH 1 and CH 4. These pins are internally tied to voltage
33 TX2+ ' bias by termination resistors
32 TX2—
4 Submit Documentation Feedback Copyright © 2010, Texas Instruments Incorporated
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PIN FUNCTIONS (continued)

NO. PIN NAME 1/10 TYPE DESCRIPTION

HIGH SPEED DIFFERENTIAL I/O PINS (continued)
28 TX3+
27 TX3- O CML N_on—inverting and inve(ting CML differential output for CH 1 and CH 4. These pins are internally tied to voltage
25 TX4+ ' bias by termination resistors
24 TX4—

DEVICE CONTROL PIN
40 EN_RXD | I, LVCMOS | Sets device operation modes per Table 1. Internally pulled to VCC
42 PS2 I, LVCMOS | Tying pin to VCC slaves CH2-4 electrical idle and Rx.Detect function to CH1. Internally pulled to GND
18 PS1 I, LVCMOS | Select auto-low power save mode per Table 1. Internally pulled to GND
20 SQ_TH® | 1, LVCMOS | Squelch threshold level select pin for electrical idle detect per Table 1 Internally pulled to VCC/2
39 RST I, LVCMOS | Reset device, input active Low. Internally pulled to VCC

SIGNAL CONDITIONING PINS®
21 DE I, LVCMOS | Selects de-emphasis settings for CH 1-CH 4 per Table 1. Internally pulled to Vcc/2
19 EQ I, LVCMOS | Selects equalization settings for CH 1-CH 4 per Table 1. Internally pulled to Vcc/2
41 os I, LVCMOS | Selects output amplitude for CH 1-CH 4 per Table 1. Internally pulled to Vcc/2

POWER PINS

1,9,17,22,30,38 VCC Power Positive supply should be 3.3V + 10%

265391311340 GND Power Supply ground

(1) Internally biased to Vcc/2 with >200kQ pull-up/pull-down. When 3-state pins are left as NC, board leakage at the pin pad must be < 1 pA
otherwise drive to Vcc/2 to assert mid-level state.

Table 1. Control Pin Settings

OUTPUT SWING (CH1-CH4) at 5Gbps SQUELCH THRESHOLD (CH1-CH4)
oS TRANSITION BIT AMPLITUDE SQ_TH MIN DIFFERENTIAL INPUT
(TYP mVpp) - (CH1-CH4)
0 800 0 47 mVpp
NC (default) 929 NC (default) 61 mVpp
1 1047 1 83 mVpp
OUTPUT DE-EMPHASIS (CH1-CH4) at 5Gbps INPUT EQUALIZATION (CH1-CH4)
DE OS =NC 0s=0 0os=1 EQ Equalization dB (at 5Gbps)
NC (default) -3.4dB -2.1dB —-4.6dB 0 0
0 —6.2dB -4.9dB —7.2dB NC 7 (default)
1 -10.3dB -9.2dB -11dB 1 15
EN_RXD DEVICE FUNCTION
0 Set input termination to Rx_DC
1 Perform Rx detect after power up
RST DEVICE FUNCTION
0 Device in standby state, inputs set to Hi-Z
Device in active mode
PS1 DEVICE FUNCTION
0 Auto-low power mode disabled (default)
1 Auto-low power mode enabled
PS2 DEVICE FUNCTION
0 Electrical Idle and Rx Detect independent for CH1-CH4 (default)
1 CH2-CH4 Electrical Idle and Rx Detect slaved to CH1
Copyright © 2010, Texas Instruments Incorporated Submit Documentation Feedback 5
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ORDERING INFORMATION®

PART NUMBER

PART MARKING

PACKAGE

SN65LVPES504RUAR

LVPE504

42-pin RUA Reel (large)

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl

web site at www.ti.com.

ABSOLUTE MAXIMUM RATINGS

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

VALUE UNIT

Supply voltage range @ Vee -05t04 \Y

Differential I/0 -0.5t04 \%
Voltage range

Control /O -0.5to VCC + 0.5 \%

Human body model® +6000 \Y
Electrostatic discharge Charged-device model® +1000 Y

Machine model®) +200 Y

Continuous power dissipation

See Thermal Table

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any conditions beyond those indicated under recommended operating conditions
is not implied. 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.

(3) Tested in accordance with JEDEC Standard 22, Test Method A114-B
(4) Tested in accordance with JEDEC Standard 22, Test Method C101-A
(5) Tested in accordance with JEDEC Standard 22, Test Method A115-A

THERMAL INFORMATION

THERMAL METRIC SNESLVPES04 UNITS
TQFN (42 PINS)
CATS Junction-to-ambient thermal resistance 30
03ctop Junction-to-case (top) thermal resistance 12
038 Junction-to-board thermal resistance 10 .
vt Junction-to-top characterization parameter 0.5 cw
Vi Junction-to-board characterization parameter 9
03chot Junction-to-case (bottom) thermal resistance 4.7
RECOMMENDED OPERATING CONDITIONS
MIN TYP MAX | UNITS

Vee Supply voltage 3 3.3 3.6 \%
CcouPLING AC Coupling capacitor 75 200 nF

Operating free-air temperature -40 85 °C
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ELECTRICAL CHARACTERISTICS
under recommended operating conditions

PARAMETER CONDITIONS MIN TYP  MAX| UNITS
DEVICE PARAMETERS
| RST, DEx, EQx, OS = NC, EN_RXD = NC, K28.5 174 190
ce pattern at 5 Gbps, VID = 1000mVp-p
PS2 = Vcc; RST, DEX, EQx, OS = NC,
ICCsjave EN_RXD = NC, K28.5 pattern at 5 Gbps, 161 175
Vip = 1000mV,,_,
Supply current : iti mA
ICCaLp pply Wherlauto low power conditions are met, 27 3
PS1 = Vcc
ICCaLP _slave PS1, PS2 = VCC and link in EID state 14 18
ICCno_conNECT EN_RXD =1 No termination detected on any CH 2.5
ICCstaby RST = GND 0.1
Maximum data rate 5| Gbps
AutoLPgNTRY Auto low power entry time Electrical idle at input, Refer to Figure 7 1 us
AutoLPgyt Auto low power exit time After first signal activity, Refer to Figure 7 30 ns
tEnB Device enable time RST0—1 50 us
tois Device disable time RST1—-0 0.1 2 us
Trx Detect Rx.Detect start event LIila\l_RXD =1, Time to start Rx Detect after power 6 us
CONTROL LOGIC
Viy High level Input Voltage 1.4 Vce \%
Vi Low Level Input Voltage -0.3 0.5 \%
Vhys Input Hysteresis 150 mV
] 0S, EQ, DE, SQ_TH, PS1, PS2 = V¢ 30
m High Level Input Current — pA
EN_RXD, RST = Vc¢ 1
PS1, PS2 = GND -1
I Low Level Input Current — HA
0S, EQ, DE, SQ_TH, EN_RXD, RST = GND -30
RECEIVER AC/DC
Vingits p-p RX1-RX4 Input voltage swing | AC coupled differential signal (5Gbps) 100 1200 | mVp-p
Trx 13 Max Rx total timing error At device pin (5Gbps) 0.4 Ul
Trx b3 (,\e/Ir?S(rRX deterministic timing At device pin (5Gbps) 0.3 ul
RX1-RX4 Common mode
Vem_Rx voltage 0 3.6 \Y
) RX1-RX4 AC peak common
Vincom_p mode voltage 150 mvpP
Zrx_pC DC single ended impedance 40 55 60 Q
) DC Differential input
ZRx_Diff impedance 80 98 120 Q
Device in standby mode. Rx termination not
ZRX_High DC Input high impedance powered measured with respect to GND over 200 50 75 kQ
mV max
Measured at receiver pin: SQ_TH = NC 61
VEID_TH Electrical idle detect threshold | SQ_TH =1 58 83 107| mVpp
SQ TH=0 47
. . 50 MHz — 1.25 GHz 10 15
RLRrx-DIFF Differential return loss dB
1.25 GHz — 2.5 GHz 11
RLgrx-cm Common mode return loss 50 MHz — 2.5 GHz 14 dB

Copyright © 2010, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS (continued)
under recommended operating conditions

PARAMETER CONDITIONS MIN TYP  MAX| UNITS
TRANSMITTER AC/DC
RL = 100Q +1%, OS = NC, transition Bit 866 929 1031
RL = 100Q +1%, OS = GND transition Bit 800
) . RL =100Q 1% OS = VCC transition Bit 1047
v Differential peak-to-peak mv
TXDIFF_P-P output voltage RL = 10(_)_Q +1%, DE=NC, OS = 0,1,NC 620
on-transition bit
RL = 100Q #1%, DE=0OS = 0,1,NC on-transition bit 456
RL = 100Q +*1%, DE=0OS = 0,1,NC on-transition bit 288
] -3.0 -34 -4.0
De-emphasis level OS = NC (Figure 9) for OS = 1 and NC see 55 6.2 65 dB
Table 1)
-9.0 -10.3 -10.6
Toe De-emphasis width At 5 Gbps 0.9 Ul
Z1x_diff DC Differential impedance Defined during signaling 80 100 120 Q
. . f=50 MHz — 1.25 GHz 10 20
RLgifr Tx Differential return loss dB
- f=1.25GHz - 2.5 GHz 13
RLcem Tx Common mode return loss f=50 MHz — 2.5 GHz 12 dB
ltx_sc TX short circuit current TX+ shorted to GND 44 90 mA
Transmitter DC common-mode | Allowed DC CM voltage at TX pins
VTx oM De 1.8 2.2 v
—M voltage
TX AC common mode voltage | Max(Vg+ + Vo) 12 = Min(Vgs + Vg)/2
V1x_cm_ac2 at Gen Il speed 30 100| mVpp
v TX AC common mode voltage | RMS(Vg+ + Vg)/2 — DCavc(Vg+ + Vg )/2 3 20 mv
TX_CM_ACL at Gen | speed
VTx cM Deltal0- Absolute Delta DC CM voltage IVTX CM_DC [LO] — VTX_CM_DC [LOS] |
O ; - : M 0 100 mV
L0s during active and idle states
Vix_cmbcLine-  Absolute delta of DC CM [VTx_cm_pc-p+ [Loj — VTx_cMm_bc-b- Lo | 0 o5 mv
Delta voltage between D+ and D—
) ) Electrical idle differential peak | |Vrx.idle-p+ — Vx.idie-D-|, LP filtered to remove any
VTx_idle_dif-AC-p output voltage DC component 0 1 20| mvpp
Vg - ) DC electrical idle differential [V1x_idle-D+ — VTX_idie-D-|, LP filtered to remove any 19 mv
TX_idle_diff-DC output voltage AC component :
Voltage change to allow Positive voltage to sense receiver
Vaetect receiver detect 6001 mv
De-Emphasis = 0 dB,
tritE Output rise/fall time OS =NC (CH 0 and CH 1) 30 55 70 ps
20%-80% of differential voltage at the output
De-Emphasis = 0dB,
tRE_MM Output rise/fall time mismatch | OS = NC (CH 0 and CH 1) 20 ps
20%-80% of differential voltage at the output
. . . . . De-Emphasis = 0dB (CH 0 and CH 1). Propagation
Tait Lo Tait L Differential propagation delay delay between 50% level at input and output 280 350 ps
TINTRA_SKEW Output skew (same lane) 5 Gbps 15 ps
TINTER_SKEW Lane to lane skew 5 Gbps -25 25 ps
tidleEntrys lidieExit Idle entry and exit times See Figure 5 8 ns
Tix_EID_min Minimum time in EID 20 ns
Tx EQUALIZATION AT GEN Il SPEED
TXpy® At point Al in Figure 8, EQ/DE=NC, OS=HIGH 25 60
Residual deterministic jitter At point A2 in Figure 8, EQ/DE=NC, OS=LOW 26 60| psp-p
At point B in Figure 8, EQ/DE=NC, OS=HIGH 27 60
TXR3 Residual random jitter D24.3 pattern at point A1/A2/B in Figure 8 0.1| psrms

(1) Refer to Figure 8 with +K28.5 pattern, —3.5dB DE from source AWG
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Figure 5. Idle Mode Exit and Entry Delay
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Figure 7. Auto Low Power Mode Timing (when enabled)
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5 Gbps Signal Gen.
K28.5 pattern, 800mVpp
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Jitter Measurement
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5 Gbps Signal Gen.

Y = 23", 5mil SL on

FR4
K28.5 pattern, 800mVpp
Figure 8. Jitter Measurement Setup
1-bit 1 to N bits 1-bit 1 to N bits
-t - T Ll >
EDE Ex/OSx = NC
-3.4dB
-6.2dB DEx = 0’
T OSx=NC
-10.3dB
DEx =1;
vem OSx =NC
| ] /
Diffypprx Diffvppx_pE
Y

tDE

Figure 9. Output De-Emphasis Levels
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TYPICAL CHARACTERISTICS

TYPICAL EYE DIAGRAM AND PERFORMANCE CURVES

e Input Signal Characteristics — VID = 1000mVpp, DE = -3.5 dB, Pattern = K28.5
¢ Device Operating Conditions: VCC = 3.3 V, Temp = 25°C

e All trace are 4 mils

¢ PCle Gen | and Gen Il compliance mask shown

AT GEN Il SPEED

Input Trace =4", Output Trace = 8" Input Trace =4", Qutput Trace = 16"
EQ=0dB, OS =833 mVpp, DE=-1.9dB EQ=0dB, OS= 1166 mVpp, DE = —-4.9dB
Figure 10. Figure 11.

Input Trace =4", Output Trace = 28" Input Trace = 16", Output Trace = 4"
EQ=0dB, OS= 1166 mVpp, DE = -7.4 dB EQ=0dB, OS =833 mVpp, DE=-1.9dB
Figure 12. Figure 13.
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TYPICAL CHARACTERISTICS (continued)

Input Trace = 28", Output Trace = 4" Input Trace = 36", Output Trace = 4"
EQ=7dB, 0S =833 mVpp, DE=-1.9dB EQ=7dB, OS =833 mVpp, DE = -1.9dB
Figure 14. Figure 15.

Input Trace =48", Output Trace = 4"
EQ=15dB, OS =833 mVpp, DE = -1.9dB
Figure 16.

AT GEN | SPEED

Input Trace =4", Output Trace = 8" Input Trace =4", Qutput Trace = 16"
EQ =7 dB, OS =833 mVpp, DE=-1.9dB EQ=7dB, OS= 1166 mVpp, DE = —-4.9dB
Figure 17. Figure 18.
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TYPICAL CHARACTERISTICS (continued)

Input Trace =4", Qutput Trace = 28" Input Trace = 16", Output Trace = 4"
EQ=7dB, OS= 1166 mVpp, DE = -7.4 dB EQ=7dB, OS =833 mVpp, DE = -1.9dB
Figure 19. Figure 20.

Input Trace = 28", Output Trace = 4" Input Trace = 36", Output Trace =4"
EQ=15dB, OS =833 mVpp, DE = -1.9dB EQ=15dB, OS =833 mVpp, DE= —-1.9 dB
Figure 21. Figure 22.

Input Trace =48", Output Trace = 4"

EQ=15dB, OS =833 mVpp, DE = —-1.9dB
Figure 23.
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PACKAGING INFORMATION

Orderable Device status (¥ Package Type Package Pins  Package Qty Eco Plan @ Lead/ MSL Pe:
Drawing Ball Finish
SN65LVPE504RUAR ACTIVE WQFN RUA 42 3000 Green (RoHS CU NIPDAU Level-2-260
& no Sh/Br)

@ 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 nev
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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no ShiBr) - please check http://www.
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable fc
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package,
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoOHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retard
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

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
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate ini
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical a
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for releas

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 Cu
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RUA (R—PQFP—N42)

PLASTIC QUAD FLATPACK

9,10
8,90 E
38 | 22
39 \ 21
_ _ 5,60
3,40
4 ' 18
Pin 1 Index Area ] 17
0,80 0,20 Nominal
0,70 Lead Frame
i"'_ 71{ ? Seating Plane
0,05 j é
(Sl 05 ]
Seating Height
‘A »
8,00 >
0,50 r 0,50
1 £4ZX 0.30
| | \
uuuuuuuuwuuuuuuuu
4
= ars
2 - —— - -—-+8
D) -
TP -
f m ’ [42x 0.50
ANNAANNANNNNANNNANN 0,20
38 2 0,10 ®[c[A[B]
©
0,05 |C
Exposed Thermal Pad
Bottom View 4208351/A  11/2006
NOTES A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.
C. QFN (Quad Flatpack No-Lead) package configuration.
@ The package thermal pad must be soldered to the board for thermal and mechanical performance.

See the Product Data Sheet for details regarding the exposed thermal pad dimensions.
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i THERMAL PAD MECHANICAL DATA
mgm&VgEsom 00
www.ti.com RUA (R_PQFP_N42)

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vigs, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
Quad Flatpack No—Lead Logic Packages, Texas Instruments Literature No. SCBAO17. This document is available
at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

Exposed Thermal Pad

UUUUUUUUUUUUU)JUUU
¥

I 421 118
D, -
2,05£0,10 — —
D, + -
l 390D -
21

AlIAEANANANANARAR(INANANANARANARAIA

7,5510,10

Bottom View

NOTE: All linear dimensions are in millimeters

Exposed Thermal Pad Dimensions

4208352/8 10/07
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LAND PATTERN

0 O "SN65LVPES04"] [ T

RUA (R—PWQFN—N42)

Example Stencil Design

0,125 Thick Stencll
Example Board Layout ) Ic encl

(Note E)
Note D —= =—38x0,5 { = =025 025= = = =38:0,5
00000000000000000 | Of UUUUUUUUU[WUUU
(-
Slo o 0,0 012 L.  200onooges,!
—e ° ©° o o5 | m=innnnnnEkE
DD)]DDDDDDDDDDDD 20ad | 000000000000DO0D
‘ 8,1 0,25 —12x1,0
9,8 8,15
9,75
(62% Printed Solder Coverage by Area)
Non Solder Mask Defined Pad Example Via Layout Design
Via layout may vary depending
on layout constraints
(Note D, F)
Example
Solder Mask Opening 14x90,5
(Note F) i 7,55
1,0 7 | 14 1
i e} e} o) e}
Lt—0 o o o 2,05
J o o o © ‘ o i
Pad Geometry 0,5 1< 0,75
Al Arolnd (Note C)
1,5
4210129 /A 02/09
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC-7351 is recommended for alternate designs.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SCBAQ17, SLUA271, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.
E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
F.

Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions  www.ti.com/lprf Video and Imaging www.ti.com/video
Wireless www.ti.com/wireless-apps

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2010, Texas Instruments Incorporated
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