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SN75LVCP600 6-Gbps SATA PCB and Cable Equalizer
1 Features 3 Description

e SATA Express Support

* Selectable Equalization and De-Emphasis

» Hot Plug Capable

» Receiver Detect and OOB Support

* Multirate Operation: 1.5 Gbps, 3 Gbps, and
6 Gbps

» Suitable to Receive 6-Gbps Data Over Up to 40
Inches (1 Meter) of FR4

» Compensates Up to 14-dB Loss on the Receive
Side and 1.2-dB Loss on the Transmit Side at
3 GHz

» Integrated Output Squelch
e Auto Low Power Feature Lowers Power by > 90%
— <100 mW (Active Mode, Typical)
— <11 mW (Auto Low Power Mode, Typical)
e Single 3.3-V Supply
» High Protection Against ESD Transient
— HBM: 6 kV
— CDM: 1.5kV

» Ultra-Small Footprint: 2 mm x 2 mm WSON
Package

2 Applications
* Notebooks

» Desktops
» Docking Stations
* Servers

» Workstations

Typical Application
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The SN75LVCP600 is a versatile single channel,
SATA Express signal conditioner supporting data
rates up to 6 Gbps. The device supports SATA Gen
1, 2, and 3 specifications as well as PCle 1.0, 2.0,
and 3.0. The SN75LVCP600 operates from a single
3.3-V supply and has 100-Q line termination with self-
biasing feature, making the device suitable for AC
coupling. The inputs incorporate an out-of-band
(OOB) detector, which automatically squelches the
output when the input differential voltage falls below
threshold while maintaining a stable common-mode
voltage. The device is also designed to handle
spread spectrum clocking (SSC) transmission per
SATA standard.

The SN75LVCP600 handles interconnect losses at its
input with selectable equalization settings that can be
programmed to match the loss in the channel. For
data rates of 3 Gbps and lower the SN75LVCP600
equalizes signals for a span of up to 50 inches of
FR4 board material. For data rates of 8 Gbps the
device compensates up to 40 in of FR4 material. The
equalization level is controlled by the setting of the
signal control pin EQ.

Device Information®
PACKAGE BODY SIZE (NOM)
WSON (8) 2.00 mm x 2.00 mm

PART NUMBER
SN75LVCP600

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Data Flow Block Diagram
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
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5 Description (continued)
Two de-emphasis levels can be selected on the transmit side to provide 0 dB or 1.2 dB of additional high-
frequency loss compensation at the output.

The device is hot-plug capable® preventing device damage under device hot-insertion such as async signal plug
and removal, unpowered plug and removal, powered plug and removal, or surprise plug and removal.

(1) Requires use of AC coupling capacitors at differential inputs and outputs.

6 Pin Configuration and Functions

DRF Package

8-Pin WSON
Top View
Vee E :I E 8 DE
I: _ __ Lvcpeo 1
RX+1 2 —|_|. 7 | TX+
—— —_]
RX- ': 3 _'—r E 6 TX-
- _
EQ | 41 C5 [ onp

L Package Thermal Pad

Pin Functions

PIN

NAME

NO.

TYPE®

DESCRIPTION

HIGH SPEED DIFFERENTIAL I/O

RX+ 2 I Noni_nve_rting ar_ld invc_ertin_g CML differential inputs. These pins are tied to an internal voltage bias by dual
RX— 3 | termination resistor circuit.

TX+ 7 o Noninverting and inverting VML differential outputs. These pins are tied to an internal voltage bias by
TX— 6 o) dual termination resistor circuit.

CONTROL PINS

EQ 4 | Selects equalization settings per Table 1. Internally tied to GND.

DE 8 | Selects de-emphasis settings per Table 1. Internally tied to GND.

POWER

Vee 1 P Positive supply must be 3.3 V +10%

GND 5 G Supply ground

(1) G =Ground, | = Input, O = Output, P = Power

Copyright © 2010-2016, Texas Instruments Incorporated
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7 Specifications
7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT

Supply voltage, V@ -05 4 v

Differential /0 -0.5 4 \%
Voltage

Control I/O -0.5 Vee + 0.5
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 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 pin.

7.2 ESD Ratings

VALUE UNIT
y Electrostatic | Human body model (HBM), per ANS/ESDA/JEDEC JS-001, all pins® +6000 y
(ESD) discharge Charged device model (CDM), per JEDEC specification JESD22-C101, all pins® +1500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

7.3 Recommended Operating Conditions
typical values for all parameters are at Voc = 3.3 V and T, = 25°C; all temperature limits are specified by design

MIN TYP MAX UNIT

Vee Supply voltage 3 3.3 3.6 \%

Coupling capacitor 75 100 200 nF

Ta Operating free-air temperature 0 85 °C

7.4 Thermal Information
SN75LVCP600
THERMAL METRIC® DRF (WSON) UNIT
8 PINS

Rosa Junction-to-ambient thermal resistance 97.8 °CIW
Roictop Junction-to-case (top) thermal resistance 81.9 °C/W
Ross Junction-to-board thermal resistance 65.6 °C/W
LAL Junction-to-top characterization parameter 1.3 °C/W
Vi Junction-to-board characterization parameter 65.6 °C/W
RoJchot Junction-to-case (bottom) thermal resistance 19.1 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

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

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
DEVICE PARAMETERS
ICCwmax-s Active mode supply current EQ/DE = NC, K28.5 pattern at 6 Gbps, Vip = 700 mV, 29 40 mA
lccps Auto power save mode Icc When auto low power conditions are met 33 59 mA
Maximum data rate 6 Gbps
4 Submit Documentation Feedback Copyright © 2010-2016, Texas Instruments Incorporated
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Electrical Characteristics (continued)

over recommended operating conditions (unless otherwise noted)

PARAMETER ’ TEST CONDITIONS MIN TYP MAX UNIT
(e]0]=}
Voos Input OOB threshold F =750 MHz 50 70 90 mVp,
Dvdiffoos OOB differential delta 25 mV
Dvemoos OOB common-mode delta 50 mV
CONTROL LOGIC
Viy High-level input voltage For all control pins 1.4 \%
Vi Low-level input voltage 0.5 \%
VIN{ys Input hysteresis 115 mV
I High-level input current V|4 = Ve (DE/EQ) 20 pA
m Low-level input current VL =0V (DE/EQ) 10 pA
RECEIVER AC/DC
ZDIEFRX Differential input impedance 85 100 115 Q
ZseRrx Single-ended input impedance 40 Q
VCMgx Common-mode voltage 1.7 \%
f = 150 MHz to 300 MHz 18 26
f = 300 MHz to 600 MHz 14 22
RLpifrx Differential mode return loss (RL) | f = 600 MHz to 1.2 GHz 10 17 dB
f=12GHzto 2.4 GHz 12
f=2.4 GHz to 3 GHz 3 11
RXpitirLsiope  Differential mode RL slope f =300 MHz to 6 GHz (see Figure 7) -13 dB/dec
f = 150 MHz to 300 MHz 5 94
f = 300 MHz to 600 MHz 5 17
RLcMRrx Common-mode return loss f =600 MHz to 1.2 GHz 2 18 dB
f=12GHzto 2.4 GHz 1 99
f=2.4 GHz to 3 GHz 1 86
VgiffRx Differential input voltage PP f=1.5GHz and 3 GHz 120 1600 mVp,
f = 150 MHz to 300 MHz 30 41
f = 300 MHz to 600 MHz 30 41
f=600 MHz to 1.2 GHz 20 34
IBrx Impedance balance f=12GHzto 2.4 GHz 10 24 dB
f=2.4 GHz to 3 GHz 10 26
f=3GHz to 5 GHz 18
f=5GHz to 6.5 GHz 4 18
TRANSMITTER AC/DC
ZgifTx Pair differential impedance 85 100 122 Q
ZseTx Single-ended input impedance 40 Q
Vxtrans Sequencing transient voltage géaqzziﬁgitn\éo(lggﬁa%r; the serial data bus during power -1.2 03 12 \%
f =150 MHz to 300 MHz 13 22
f = 300 MHz to 600 MHz 8 21
RLpiffrx Differential mode return loss f =600 MHz to 1.2 GHz 6 19 dB
f=12GHzto 2.4 GHz 6 14
f=2.4 GHzto 3 GHz 3 14
TXpirrLsiope  Differential mode RL slope f =300 MHz to 3 GHz (see Figure 7) -13 dB/dec
Copyright © 2010-2016, Texas Instruments Incorporated Submit Documentation Feedback 5

Product Folder Links: SN75LVCP600



13 TEXAS
INSTRUMENTS
SN75LVCP600

SLLSE63A —DECEMBER 2010—REVISED MAY 2016 www.ti.com

Electrical Characteristics (continued)

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
f =150 MHz to 300 MHz 5 20
f =300 MHz to 600 MHz 5 16
RLcmTx Common-mode return loss f =600 MHz to 1.2 GHz 2 13 dB
f=12GHzto 2.4 GHz 1
f=2.4GHzto3 GHz 1
f =150 MHz to 300 MHz 30 38
f =300 MHz to 600 MHz 30 38
f =600 MHz to 1.2 GHz 20 33
IBrx Impedance balance f=12GHzto 2.4 GHz 10 25 dB
f=2.4GHzto3 GHz 10 25
f=3GHzto5GHz 4 21
f=5GHzto 6.5 GHz 4 21
Diffypprx Differential output voltage swing | f= 3 GHz (under no interconnect loss) 400 650 900 mVp,
At 1.5 GHz 15 50| mVp,
dBmV
VCMac_1x TX AC CM voltage At3 GHz 10 26 (rms)
dBmV
At 6 GHz 12 30 (rms)
VCMrx Common-mode voltage 1.7 \Y
TRANSMITTER JITTER®W
DJrx Residual deterministic jitter VID = 500 mVpp, Ul = 333 ps, K28.5 control character, 012 019 Ul
see Figure 8 PP
. VID =500 mVp, Ul = 333 ps, K28.7 control character, )
RItx Random jitter see Figure 8 1 2| ps-rms
DJrx Residual deterministic jitter VID = 500 mVp,, Ul = 167 ps, K28.5 control character, 012 034 Ul
see Figure 8 PP
. VID =500 mVp, Ul = 167 ps, K28.7 control character, )
RJrx Random jitter see Figure 8 0.95 2| ps-rms

(1) T;=(14.1xRJgp + DJ) where RJgp is one standard deviation value of RJ Gaussian distribution. Jitter measurement is at the SATA
connector and includes jitter generated at the package connection on the printed-circuit board, and at the board interconnect as shown
in Figure 8.

7.6 Timing Requirements

MIN TYP MAX UNIT

DEVICE PARAMETERS

tppelay Propagation delay Measured using K28.5 pattern (see Figure 1) 275 350 ps
AutoLPgnTry  Auto low power entry time Electrical idle at input (see Figure 3) 11 us
AutoLPgyr  Auto low power exit time After first signal activity (see Figure 3) 33 50 ns
(e]0]:]

toos1 OOB mode enter See Figure 2 1 5 ns
toos2 OOB mode exit See Figure 2 1 5 ns

RECEIVER AC/DC

Rise times and fall times measured between 20% and
t20-80RX Rise and fall time 80% of the signal. SATA 3 Gbps speed measured 1" from 62 75 ps
device pin.

Difference between the single-ended mid-point of the RX+
tskewRX Differential skew signal rising and falling edge, and the single-ended mid- 30 ps
point of the RX- signal falling and rising edge.

TRANSMITTER AC/DC

6 Submit Documentation Feedback Copyright © 2010-2016, Texas Instruments Incorporated
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Timing Requirements (continued)

MIN TYP MAX UNIT
Rise times and fall times measured between 20% and
t20-80TX Rise and fall time 80% of the signal. At 3 Gbps under no load conditions 44 58 85 ps
measured at the pin.
Difference between the single-ended mid-point of the TX+
. ) signal rising edge and falling edge, and the single-ended
IskewTX Differential skew mid-point of the TX- signal falling edge and rising edge, 2 15 ps
Dl, DO = VCC
tR/FIMb TX rise and fall imbalance At 3 Gbps 6% 20%
tyAmpimb TX amplitude imbalance 1% 10%
TRANSMITTER JITTER
. . 46.5 475 483
Rise and Fall time % % %
Rise and Fall mismatch 15% 3%
IN+
Vem
IN-
OouT+
I
| Vcm
I
- ———. OUT-
Figure 2. OOB Enter and Exit Timing
RX1,2P VCMgy |
RX1,2N N—
t
00B1 — <—AutOLPEx|T
TX1,2P VCMy —
TX12N ~—
A‘utoLP o Power SavingV
ENTRY Mode
Figure 3. Auto Low Power Mode Entry and Exit Timing
Copyright © 2010-2016, Texas Instruments Incorporated Submit Documentation Feedback 7
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7.7 Typical Characteristics

50 30
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Figure 4. Deterministic Jitter vs Data Rate Figure 5. Deterministic Jitter vs Launch Amplitude
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Figure 6. VOD Output Amplitude vs Trace Length
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8 Parameter Measurement Information
ﬂk
.
I
-RL :
dB !
I
I
I
I
I
I
I
I
I
I
: »
6
Log Frequency - GHz
Figure 7. TX, RX Differential Return Loss Limits
Jitter
Measurement
40" 4mil
Stripline *
AWG ‘ T
4" 4 mil Stripline
Figure 8. Jitter Measurement Test Condition
Copyright © 2010-2016, Texas Instruments Incorporated Submit Documentation Feedback 9
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9 Detailed Description

9.1 Overview

The SN75LVCP600 is a single-channel, SATA Express, and PCle signal conditioner supporting data rates up to
6 Gbps. The device supports SATA Gen 1, 2, and 3 specifications as well as PCle 1, 2, and 3. The
SN75LVCP600 operates from a single 3.3-V supply and has 100-Q line termination with self-biasing feature,
making the device suitable for AC coupling. The inputs incorporate an out-of-band (OOB) detector, which
automatically squelches the output when the input differential voltage falls below threshold while maintaining a
stable common-mode voltage. The device is also designed to handle spread spectrum clocking (SSC)
transmission per SATA standard. The SN75LVCP600 handles interconnect losses at its input with selectable
equalization settings that are programmable to match the loss in the channel.

For data rates of 3 Gbps and lower the SN75LVCP600 equalizes signals for a span of up to 50 inches of FR4.
For data rates of 8 Gbps the device compensates up to 40 inches of FR4.

The device is hot-plug capable preventing device damage under device hot-insertion such as async signal plug
or removal, unpowered plug or removal, powered plug or removal, or surprise plug or removal.

9.2 Functional Block Diagram

GNIlD[S] Vee[1]
|
Veg =17 VTYP | |
RT LVCP600
RX+ [2] X+ [7]
RT ok <
RX- [3] A /O// TX- [6]

=

le)

g3
EE——
EQ DE
[41 8]

Copyright © 2016, Texas Instruments Incorporated

9.3 Feature Description

9.3.1

The SN75LVCP600 supports programmable equalization in its front stage; Table 1 lists the equalization settings.
The input equalizer is designed to recover a signal even when no eye is present at the receiver and effectively
supports FR4 trace at the input anywhere from 4" to 40" at SATA 6G speed.

Input Equalization

Table 1. EQ and DE Settings

EQ EQUALIZATION DE DE-EMPHASIS
(at 6 Gbps) (at 6 Gbps)
0 (default) 7 dB 0 (default) 0dB
1 14 dB 1 -1.2dB

10
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SATA Host Mid Plane/Back Plane SATA Device

'/ <6"

1] 1l (( 1

Tx LL )7 LVCP600 Rx
-

Rx LVCP600 46 H Tx

<40"(1m)

-

Note:
Trace lengths are suggested values based on TI HSPICE simulations (done over
programmable limits of input EQ) to meet SATA loss and jitter spec.

Actual trace length supported by the LVCP 600 may be more or less than suggested
values and will depend on board layout, trace widths and number of connectors
used in the high speed signal path.

Figure 9. Trace Length Example

9.3.2 Auto Low Power (ALP) Mode

Auto Low Power (ALP) Mode is triggered when a channel is in the electrical idle state for > 10 ps. The device
enters and exits Low Power Mode by actively monitoring input signal (VID,,) level. When the input signal is in the
electrical idle state, that is, VID,, < 50 mV and stays in this state for > 10 ps, the device automatically enters the
low power state. In this state the output is driven to VCM and the device selectively shuts off internal circuitry to
lower power by > 90% of its normal operating power. While in ALP mode the device continues actively to monitor
input signal levels. When the input signal exceeds the SATA OOB upper threshold level, the device reverts to the
active state. Exit time from Auto Low Power Mode is < 50 ns (maximum). See Auto Low Power.

9.3.3 Out-of-Band (OOB) Support

The squelch detector circuit within the device enables full detection of OOB signaling as specified in the SATA
spec. When differential signal amplitude at the receiver input is 50 mV, or less, the output is squelched.
Differential signal amplitude of 90 mV,, or more is detected as an activity and therefore passed to the output
indicating activity. Squelch circuit ON/OFF time is 5 ns (maximum). While in squelch mode outputs are held to
VCM.

9.4 Device Functional Modes

9.4.1 Active

Active mode is the normal operating mode. When power is applied to the device, and the differential input signal
to the receiver is greater than 90 mV,, the device is in active mode and meets all the specifications in the data
sheet.

9.4.2 Squelch

When the device is powered, and the differential input signal to the receiver is less than 50 mV
squelch mode. In squelch mode the transmitter outputs are both set to VCMqy or 1.7 V.

pp» the device is in

9.4.3 Auto Low Power

When the device is powered and the differential input signal to the receiver has been less than 50 mV,, for
greater than 10 ns, the device transitions to Auto Low Power (ALP) mode. In ALP, the transmitter outputs are
both set to VCM1x. In addition, while in ALP, the device shuts off internal circuitry to lower power to less than
10% of the power in the Active mode.

Copyright © 2010-2016, Texas Instruments Incorporated Submit Documentation Feedback 11
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10 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.

10.1 Application Information

The SN75LVCP600 is a single-channel SATA redriver and signal conditioner supporting data rates up to 6 Gbps.
The inputs incorporate an out-of-band (OOB) detector, which automatically squelches the output while
maintaining a stable common-mode voltage compliant to the SATA link.

10.2 Typical Application

» 3.3V
[0 S PR
TTT:
10nF LTl IE) o0k
I T ———
2 i U EE 2 i I
2 10nF 4V 15 q1onF =
= ppp—— LVCP600 »
e A e 10nF =
8 f——far 4 el 1 -1
10IIF I.J'__I | i :Z__< ”
n gl L . 3.3V
-1 [Teo 1o 10nF
LVCP600 "E,.,T ;‘ o
15713
m
Note:

1) Place supply caps close to device pin
2) EQ and DE selection at 7 dB and 0dB respectively
3) Actual EQ /DE settings will depend on device placement relative to
host and SATA connector
Copyright © 2016, Texas Instruments Incorporated

Figure 10. Typical Device Implementation

10.2.1 Design Requirements

This design requires layout flexibility to place 0-Q resistors. If a redriver is needed, go to step 3 in Detailed
Design Procedure.

Table 2. Design Parameters

DESIGN PARAMETER VALUE
Vee 3.3V
lec 29 mA
Input voltage 120 mVy, t0 1.6 Vyp
Output voltage 400 mVp, to 900 mVp,
12 Submit Documentation Feedback Copyright © 2010-2016, Texas Instruments Incorporated
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10.2.2 Detailed Design Procedure

The LVCP600 allows the user to take the guess work of using a signal conditioning device in a SATA link. With
the SN75LVCP600, the user has the option to use or remove the device based on signal conditioning needs.

See Figure 11.

Step 1:

Layout trace to
accommodate
zero ohm resistor
or LVCP600

AATA Host J
Y
O

<40 (1m)

<4" (10cm)

»

resistor

2

2:
Close link with
zero ohm jumper
resistors (RK73Z
or equivaleny
and test eye
pattern at ends to
see if it passes
SATA mask

AATA Host

Step 3:

In case of eye
mask failureg add
equalizer on the
problem link If
no failure is
observed keep
zero ohm resistor|
as shown

Shrink Thermal Pad

to accommodate jumper

O

SATA Connector

SATA Connector

SATA Connector

Figure 11. Implementation Guideline

Figure 13 through Figure 22 show SN75LVCP600 typical performance plots when connected to various trace
lengths with V¢ = 3.3 V and T, = 25°C. All eye diagrams measured using K28.5 pattern at 6 Gbps. Figure 12
shows the setup for the performance plots in Application Curves.

SATA 6G
Host

DE EQ

600

X
(4 mil)

Figure 12. Test Points

®

(4 mil)
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10.2.3 Application Curves

[EdolomY
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Figure 13. Eye Pattern at A > X =8"; Y =2"
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Figure 14. Eye Pattern atB —» X =8"; Y =2"
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Figure 15. Eye Pattern at A —» X =16"; Y = 2"
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Figure 16.

DE=1

20 80ps/div

Eye PatternatB — X =16"; Y =2"
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i5.°°.°.”‘.“, diad TR SNC, SR DI S WEN: PO | )5 i fiizc s G i NDRPIPS, EAIPE NEPPEN OO - Lol i)
DE=1 EQ=0 DE=1 EQ=0
Figure 17. Eye Pattern at A —» X =24"; Y =2" Figure 18. Eye Pattern at B—»> X =24"; Y = 2"
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Figure 19. Eye Pattern at A -» X =32"; Y =2"
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Figure 20. Eye Pattern atB — X =32"; Y = 2"
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Figure 21. Eye Pattern at A —» X =40"; Y =2"

Figure 22. Eye Pattern at B —» X =40"; Y = 2"

11 Power Supply Recommendations

The SN75LVCP600 is designed to operate from a single 3.3-V supply. Always practice proper power-supply
sequencing procedure. Apply V¢ first before any input signals are applied to the device. The power-down

sequence is in reverse order.
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12 Layout

12.1 Layout Guidelines

12.1.1 Return Current and Plane References

High frequency return signal/current is defined as the path that a signal follows back to its original source as all
signals flow in a closed loop. Minimizing the loop area of the closed loop is beneficial for both EMI (Electro-
Magnetic Interference) reduction and signal integrity.

The best way to minimize loop area is to always have a signal reference their nearest solid ground or power
plane. Obstructions to the return signal causes signal integrity problems like reflections, crosstalk, undershoot
and overshoot.

Signals can reference either power or ground planes, but ground is preferred. Without solid plane references,
single ended and differential impedance control is very hard to accomplish; crosstalk to other signals may
happen as the return signals have no other path. This type of crosstalk is difficult to troubleshoot.

Symmetric pairing of solid planes in the layer stackup can significantly reduce warping of the PCB during the
manufacturing process. Warping of the PCB is crucial to minimize on boards that uses BGA components.

12.1.2 Split Planes — What to Avoid
Never route signals over splits in their perspective reference planes.

Digital Gronmd Plane

Figure 23. Overlapping Analog and Digital Planes

16 Submit Documentation Feedback Copyright © 2010-2016, Texas Instruments Incorporated
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Layout Guidelines (continued)

This type of routing will compromise signal integrity!!

DigitalPlne |~ T T T
I driving siznal ' : | IC mreiving signal
[l -—--- a \ bty
e -

RETURMNPATH... MAYEE!

«Motice there is possibly no return path for the signal and loop area is NOT minimized|
sMoise is now possibly coupled to analog or different digital planes.

Figure 24. Incorrect Routing

FProper way to route AROUND splits in planes

IC driving signal ; ! | IC meoeiving signal

*MNotice there is now a return path for the signal and loop area is minimized. |
' *Noise is not coupled to other analog or different digital planes. i

Figure 25. Proper Routing
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Layout Guidelines (continued)

12.1.3 Avoiding Crosstalk

Crosstalk is defined as interference from one trace to another by either or both inductive and capacitive coupling.

Best ways to avoid crosstalk are:

» Provide stable reference planes for all high speed signals (as noted in previous sections).

» Use the 3W rule (3 times the width of trace for separation) where applicable on all signals, but absolutely use
on clock signals.

» Use ground traces/guards around either victim or aggressor signals prone to crosstalk.

* When space is constrained and limited on areas of the PCB to route parallel buses, series or end termination
resistors can be used to route traces closer than what is normally recommended. However, calculations and
simulations must be done to validate the use of series or end termination resistors to eliminate crosstalk.

0.030
: aw ; W . ;0.0104 ‘ |
q. "‘.* ;E GND _— Signal . . GND
/ ------- 1 - e i —————
Trace Centerline )
Seperation
The “3W" rule Example use of ground guard traces
Figure 26. Ways to Avoid Crosstalk
12.2 Layout Example
Trace Trace
Soldermask Spacing Width
\ 1.2 mils

L1 Signal Eriaisesy "“““\‘1:|-_|_1_9 mils &
Pre-preg Er=4.1,+/-0.3 4.4 mils
L2 VCC T 1.4 mils

62.4
Core 47 mils [mils

L3 VSS =— 1.4 mils

Pre-preg €r=4.1,+-0.3 4.4 mils
L4 Si nal L\'H.'H.\w ey 19 m||sv

gnat 7 1.2 mils

Soldermask
Figure 27. Printed-Circuit Board Stackup (FR-4 Example)
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Layout Example (continued)

4 Laver 6 Laver 10 Laver
Layer 1 (Top) Layer 1 (Tom Layer 1 (Tom
Layer 2 Ly Layer 2 (MO Layer 2 (MO
Layer 3 (PR Layer 3 [=ignal Layer 3 [=ignal
Laver 4 (Battarm) Laver 4 (Signal Laver 4 (Signal

Layer 2 (PR Layer 5 (PR

Lavyer & (Battam) Layer 6 (MDY
Layer ¥ (Signal
Layer & [=ignal
Layer 9 (MDY
Layer 10 (Battarm)

PCB layer configuration suggestions for stackup symmetry and signal integrity.
Figure 28. PCB Layer Configuration Suggestions
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13 Device and Documentation Support

13.1 Device Support

13.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

13.2 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.

13.3 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 TlI's Terms of
Use.

TI E2ZE™ 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.

13.4 Trademarks

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

13.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.
13.6 Glossary

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

14 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

® 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

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

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
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, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

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

@ Multiple Top-Side Markings will be inside parentheses. Only one Top-Side 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 Top-Side Marking for that device.

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 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.

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish ~ MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
I Drawing Qty 0) ®3) (4
SN75LVCP600DRFR ACTIVE WSON DRF 8 3000 Green (RoHS CUNIPDAU Level-2-260C-1 YEAR 0to 85 600
& no Sh/Br)
SN75LVCP600DRFT ACTIVE WSON DRF 8 250 Gg[eens('s/([)aH)S CU NIPDAU  Level-2-260C-1 YEAR 0to 85 600
no r
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
+ —> KO |e— P1—»]
% { I
iy’
& & & || 8o
x | l
A T {
Cavity (€ A0 P,
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v w Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
SN75LVCP600DRFR WSON DRF 8 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
SN75LVCP600DRFT WSON DRF 8 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
SN75LVCP600DRFR WSON DRF 8 3000 210.0 185.0 35.0
SN75LVCP600DRFT WSON DRF 8 250 210.0 185.0 35.0
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
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.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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