MICROCHIP Le87100
PLC Differential Line Driver

Introduction

The Le87100 device is a single-channel differential amplifier designed to drive PLC high-power signals. The Le87100
device contains a pair of wide-band amplifiers designed with Microsemi’s HV15 bipolar SOI process for high-power
output with low-power consumption.

Line driver gain is set externally to the device. The device can be powered from a single high-voltage supply or from
dual supplies.

The device can be programmed to one of three preset bias levels to optimize power and performance. In addition, the
line driver features a power down state, which forces low-power and high-impedance mode for receive transmissions
or for idle operations.

The control pins respond to input levels that can be generated with a standard GPIO, but are tolerant of higher
voltage logic levels.

The Le87100 device is available in a 16-pin (4 mm x 4 mm) QFN package with an exposed pad for enhanced thermal
conductivity.

Features

» High-Power differential output
— Delivers signal strengths up to 15.5 dBm
Operates up to 13.2 V from a single supply or up to +6.6 V from dual power supplies
Drive capability up to 400 mA from a single 12 V supply
High output impedance when disabled for a TDM operation
» User settable gain and bandwidth
— Bandwidth up to 100 MHz
» Class AB operation
» Four operational states, low power operation
* Thermal shutdown circuitry
* Miniature 4 x 4 mm thermally enhanced package
*  RoHS compliant
* Pin-Compatible with industry standard line drivers

Applications

* Power Line Communications (PLC)
* G.HN, EOC HomePlug AV2
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Block Diagram

The following figure shows the Le87100 block diagram.
Figure 1. Line Driver Block Diagram
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Functional Descriptions

1. Functional Descriptions

11 Applications

The Le87100 device contains a pair of wide-band high-power current-feedback amplifiers. The external RFA and

RFB resistors close the feedback loop for each amplifier. The Le87100 device is designed with the specification of RF
=1 KQ and AV = 16. An RFA or RFB value of 1000 Q provides a 3 dB bandwidth of ~180 MHz. In general, a lower
RFA or RFB value provides a greater bandwidth and a higher RFA or RFB value provides a narrower bandwidth. If
the line driver is in high-impedance when disabled, it provides a better PLC half-duplex operation.

Note: Amplifiers configured in a current-feedback arrangement exhibit some amount of gain peaking before roll-off.
The higher the bandwidth, the more peaking.

The RG resistor sets the gain of both amplifiers, using the following formula: Av = [ (RFA + RFB) /RG] + 1

The resistor network on the INA+ and INB+ inputs sets a common-mode bias for the inputs. For Typical Application
Circuit - Single Supply, this bias should be set at the midpoint of VS+.

111 Block Diagram
The following figure shows a typical PLC application circuit for transmission of 15.5 dBm to the line. This circuit uses
a single VS supply.

Figure 1-1. Typical Application Circuit - Single Supply
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Functional Descriptions

The following figure shows the typical application circuit using dual VS supplies. The resistor network on the INA+
and INB+ inputs sets a common-mode bias for the inputs.

Figure 1-2. Typical Application Circuit - Dual Supplies
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1.1.1.1  Input Considerations
The driving source impedance should be less than 100 nH to avoid any ringing or oscillation.

1.1.1.2 Output Driving Considerations
The internal metalization is designed to drive 200 mArms sinusoidal current and there is no current limit mechanism.
It is recommended that series resistors are used to drive lines.

If a DC current path exists between the two outputs, DC current can flow through the outputs. To avoid the DC
current flow, the most effective solution is to place DC blocking capacitors in series with the outputs.

1.1.1.3 Protection
The line driver has thermal shutdown protection. Amplifiers turn off and outputs appear as high-impedance if the
silicon temperature rises above the TSD temperature.

1.1.1.4 Power Supplies and Component Placement
The power supply should be well bypassed with decoupling placed close to the Le87100 device.
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2. Electrical Specifications

This section provides the DC characteristics, AC characteristics (full bias unless otherwise specified), and
recommended operating conditions of the Le87100 device.

Typical Conditions: VS+ =12V and TA=25°C
VS— = GND, RF =1000 Q, and RG = 133 Q. For more information, see Basic Test Circuit .

Table 2-1. Electrical Specifications

Symbol Parameter Condition Typical
Description

lvs+ Quiescent Full Bias
Supply Current

lvs+ Quiescent Medium Bias 19 23 27 mA
Supply Current

lys+ Quiescent Low Bias 12 17 20.5 mA
Supply Current

lvs+ Quiescent Power Down 0.8 1.2 1.8 mA
Supply Current

ViH Input High 2 3.3 5.5 \Y,
Voltage

Vi Input Low -0.3 0 0.8 \Y,
Voltage

Iy Input High C0=33V -150 -90 -30 MA 1
Current C1=33V

I Input Low Co=0V -1.5 1 1.5 A 1
Current C1=0V

Ig Input at mid- —7 2 7 MA 2
supply voltage

Is Input DM -0.5 0 0.5 A 2
mismatch

Ig —Input at mid- -90 -30 55 MA 2
supply voltage

Ig —Input DM -35 0 35 pA 2
mismatch

Is —Input CM -90 -30 55 MA 2

en Input Noise f>1 MHz 6 nVAHz 2
Voltage

iN +Input Noise f>1MHz 13 pAANHz 2
Current

iN —Input Noise f>1MHz 50 pA/NHz 2
Current

Vo Output Voltage (VS =16V +4.85 5.0 \Y, 2

RLoad >1000 Q
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........... continued

Symbol Parameter Condition T
Description

4.6

Output Voltage VS=16V
RLoad =290
Linear
Vo Output Voltage |VS=16V 4.2 4.7 \Y, 2
RLoad =290
Driven to rail
Vo Slew Rate Vo=-5t05V 1200 V/us 2
MTPR 2 MHz to 50 MHz —43 dBc 2
25 KHz Tone Spacing
PLINE = 15.5 dBm
PAR =15dB
MTPR- 2 MHz to 50 MHz -55 dBc 2
OIFF 25 KHz Tone Spacing
PLINE = 15.5 dBm
PAR =15 dB
lo Output Current Linear Output Current | £300 +400 mA 2
BW Bandwidth, —3 RF =1000 Q 180 MHz 2
dB RG =133 Q
AV = 16
THD Total Harmonic | f =200 kHz -88 —67 dBc 2
Distortion Vo = 12 Vp-p
RLoad >= 350 Q
THD Total Harmonic  f = 200 kHz —72 —68 dBc 2
Distortion Vo = 12 Vp-p
RLoad =290
THD Total Harmonic  f=4 MHz —64 -58 dBc 2
Distortion Vo = 12 Vp-p
RLoad => 350 Q
THD Total Harmonic  f=4 MHz -51 —48 dBc 2
Distortion Vo = 12 Vp-p
RLoad =290
TSD Thermal 170 °C 2
Shutdown
Datasheet DS-60001626A-page 7
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Note:
1. Positive current flows out of pin.
2.  Not tested in production, guaranteed by design and device characterization.

Note: The line driver can survive a permanent short circuit on the line.
The following figure shows the basic test circuit.

Figure 2-1. Basic Test Circuit
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21 Operational States

Logic input control pins have internal pull-down resistors. By default, the line driver powers-up in the full bias state.
The following table lists the operational state control.

Table 2-2. Operational State Control

0 0 Full Bias
0 1 Medium Bias
1 0 Low Bias
1 1 Power Down

The line driver is active for transmission in full, medium, and low bias states. These states are different only in the
level of bias current applied to amplifiers, allowing the user to select the lowest amount of power required to achieve
the desired linearity.

The amplifier outputs are set for high-impedance in the power-down state.
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3. Pin Descriptions

The Le87100 device has 16 pins, which are described in this section.

3.1 Connection Diagram
The following illustration represents the pin diagram for the Le87100 device, as seen from top of the package.

Figure 3-1. Connection Diagram
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Note: The device incorporates an exposed die pad on the underside of its package. The pad acts as a heat sink and
must be connected to a copper plane through the thermal plane for proper heat dissipation. It is electrically isolated
and may be connected to GND or VS—.
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Pin Descriptions

3141 Pin Description

The following table shows the functional pin descriptions for the Le87100 device.

Table 3-1. Pin Description

T S S

1,5,6, 12,15 No connects, no internal connection

2 INA— Input Amplifier A negative input

3 INA+ Input Amplifier A positive input

4 GND Ground Low noise analog ground

7 VS— Power Negative power supply. Connect to GND if single
supply.

8,9 Co, C1 Inputs Control inputs

10 INB+ Input Amplifier B positive input

11 INB— Input Amplifier B negative input

13 ouTB Output Amplifier B output

14 VS+ Power Positive power supply

16 OUTA Output Amplifier A output

Exposed Pad The exposed pad must be connected to a
thermal plane, it is electrically isolated and can
be connected to GND or VS-.
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Package Information

Absolute Maximum Ratings

The following table shows the absolute maximum ratings.

Table 4-1. Absolute Maximum Ratings

ey e

Storage temperature

Operating junction temperature
VS+ to GND

VS- to GND

VS+ to VS—

Continuous driver output current
Control inputs C0/1

Maximum device power dissipation, continuous? - TA =
85 °C, PD

Junction to ambient thermal resistance 23 - 9,
Junction to board thermal resistance 2 0,5

Junction to case bottom (exposed pad) thermal
resistance, 6,c (BOTTOM)

Junction-to-top characterization parameter 2 W 1
ESD immunity (Human Body Model)
ESD immunity (Charge Device Model)

—-65°C<TA<150°C
-40 °C < TJ <150 °C!
-0.3Vto16V
—-7.0Vt0 0.3V
OVto16V

100 mA
—0.3V to VS+

1.0 W

52 °C/IW
26 °C/W
14.6 °C/W

3.1 °C/W
JESD22 class 2 compliant
JESD22 class IV compliant

1. Continuous operation above 145 °C junction temperature may degrade device reliability.

2. For more information, see “Thermal Resistance".
3.  No air flow.

Thermal Resistance

The thermal performance of a thermally enhanced package is assured through optimized printed circuit board layout.
Specified performance requires that the exposed thermal pad should be soldered to an equally sized exposed copper
surface, which, in turn, conducts heat through multiple vias to larger internal copper planes.

Package Assembly

The green package devices are assembled with enhanced, environment-friendly materials that have no lead,
halogens, or antimony. The leads possess a matte tin plating that is compatible with conventional board assembly

processes or newer lead-free board assembly processes.

Refer to IPC/JEDEC J-Std-020 for recommended peak soldering temperature and solder re-flow temperature profile.

Operating Ranges

Microsemi guarantees the performance of this device over the —40 °C to 85 °C temperature range by conducting
electrical characterization and a single insertion production test coupled with periodic sampling. These procedures
comply with the Telcordia GR-357-CORE generic requirements for assuring the reliability of components used in

telecommunications equipment.
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The following table shows the operating ranges.

Table 4-2. Operating Ranges

L S S

Ambient temperature Ta -40°Cto 85 °C
Single power supply operation | VS+ with respect to GND, VS- tied to GND: 8Vio12V,
Typical usage 12V to +10%
Dual power supply operation VS+/VS— with respect to GND: 14 Vto 16V,
Typical usage 16V to £10%
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4.2

Physical Dimension - 16-Pin Diagram

16-Lead Very Thin Plastic Quad Flat, No Lead Package (LUC) - 4x4x1.0 mm Body [VQFN] With 2.16 mm

Exposed Pad; Microsemi Legacy Package

Note: For the most current package drawings, please see the Microchip Packaging Specification located at http://

www.microchip.com/packaging.

Figure 4-1. Top- and Bottom-View of Package Drawing
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Dimension Limits MIN NOM MAX
Number of Terminals N 16

Pitch e 0.65 BSC

Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Terminal Thickness A3 0.20 REF

Overall Length D 4.00 BSC

Exposed Pad Length D2 2.06 2.16 2.26
Overall Width E 4.00 BSC

Exposed Pad Width E2 2.06 2.16 2.26
Terminal Width b 0.25 0.30 0.35
Terminal Length L 0.45 0.55 0.65
Note:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw strangulated.
3. Dimensioning and tolerancing per ASME Y14.5M.
— BSC: Basic Dimension. Theoretically exact value shown without tolerances.
— REF: Reference Dimension, usually without tolerance, for information purposes only.
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Figure 4-2. Recommended Land Pattern
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Dimension Limits

Contact Pitch

Optional Center Pad Width

Optional Center Pad Length

Contact Pad Spacing
Contact Pad Spacing

Contact Pad Width (X16)

Contact Pad Length (X16)

Contact Pad to Center Pad (X16)
Contact Pad to Contact Pad (X12)

Thermal Via Diameter

( ) L Vi ( )
- Y1 1
L L _| =
el
B
MIN NOM MAX

E 0.65 BSC
X2 2.25
Y2 2.25
C1 3.70
Cc2 3.70
X1 0.35
Y1 1.00
G1 0.23
G2 0.30
V 0.33
EV 1.20

Thermal Via Pitch

Note:

1. Dimensioning and tolerancing per ASME Y14.5M.
— BSC: Basic Dimension. Theoretically exact value shown without tolerances.
2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during reflow

process.

© 2020 Microchip Technology Inc.

Downloaded from AFFOW.Com.

Datasheet

DS-60001626A-page 15


http://www.arrow.com

Le87100

Ordering Information

5. Ordering Information

The following table lists the ordering information for the Le87100 device.

Table 5-1. Ordering Information

Le87100NQC 16-pin, 4 mm x 4 mm QFN green Tray
package with an exposed pad

Le87100NQCT 16-pin, 4 mm x 4 mm QFN green Tape and reel
package with an exposed pad

Note: The green package is halogen free and meets RoHS2 directive 2011/65/EU of the European council to
minimize the environmental impact of electrical equipment.
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6. Revision History

The revision history describes the changes that were implemented in the document. The changes are listed by

revision, starting with the most current publication.

Table 6-1. Revision History

S S R

2.0

1.0

Revision 3.0

Revision 2.0

Revision 1.0

The following topics are
updated in this revision:

* Updated values and
added table footnote,
see Electrical
Specifications

* Updated values in the
Absolute Maximum
Ratingssection.

* Migrated this
document to
Microchip template.

* Have changed this
document number
PD-155221 to
DS-60001626A per
Microchip standards.

In revision 2.0, electrical
specifications are updated
in Table 1.

Revision 1.0 was the first
publication of this
document.
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The Microchip Website

Microchip provides online support via our website at http://www.microchip.com/. This website is used to make files
and information easily available to customers. Some of the content available includes:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

» Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to http://www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

»  Embedded Solutions Engineer (ESE)
» Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: http://www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

* Microchip products meet the specification contained in their particular Microchip Data Sheet.

* Microchip believes that its family of products is one of the most secure families of its kind on the market today,
when used in the intended manner and under normal conditions.

» There are dishonest and possibly illegal methods used to breach the code protection feature. All of these
methods, to our knowledge, require using the Microchip products in a manner outside the operating
specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is engaged in theft of
intellectual property.

» Microchip is willing to work with the customer who is concerned about the integrity of their code.

» Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code
protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection
features of our products. Attempts to break Microchip’s code protection feature may be a violation of the Digital
Millennium Copyright Act. If such acts allow unauthorized access to your software or other copyrighted work, you
may have a right to sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for your
convenience and may be superseded by updates. It is your responsibility to ensure that your application meets with
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your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND WHETHER
EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting from such
use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual property rights unless
otherwise stated.
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Quality Management System
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