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Object of Declaration: MCP6N16 Evaluation Board

EU Declaration of Conformity

Manufacturer: Microchip Technology Inc.
2355 W. Chandler Blvd.
Chandler, Arizona, 85224-56199
USA

This declaration of conformity is issued by the manufacturer.

The development/evaluation tool is designed to be used for research and development in a laboratory
environment. This development/fevaluation tool is not a Finished Appliance, nor is it intended for
incorporation into Finished Appliances that are made commercially available as single functional units to
end users under EU EMC Directive 2004/108/EC and as supported by the European Commission’s Guide
for the EMC Directive 2004/108/EC (8" February 2010).

This development/evaluation tool complies with EU RoHS2 Directive 2011/65/EU.

This development/evaluation tool, when incorporating wireless and radio-telecom functionality, is in
compliance with the essential requirement and other relevant provisions of the R&TTE Directive
1999/5/EC and the FCC rules as stated in the declaration of conformity provided in the module
datasheet and the module product page available at www.microchip.com.

For information regarding the exclusive, limited warranties applicable to Microchip products, please see
Microchip’s standard terms and conditions of sale, which are printed on our sales documentation and
available at www._microchip.com.

Signed for and on behalf of Microchip Technology Inc. at Chandler, Arizona, USA

(E~Sep - tY
Derek Carlson ' Date
VP Development Tools
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Preface

NOTICE TO CUSTOMERS

All documentation becomes dated, and this manual is no exception. Microchip tools and
documentation are constantly evolving to meet customer needs, so some actual dialogs
and/or tool descriptions may differ from those in this document. Please refer to our web site
(www.microchip.com) to obtain the latest documentation available.

Documents are identified with a “DS” number. This number is located on the bottom of each
page, in front of the page number. The numbering convention for the DS number is
“DSXXXXXXXXA”, where “XXXXXXXX" is the document number and “A” is the revision level
of the document.

For the most up-to-date information on development tools, see the MPLAB IDE online help.
Select the Help menu, and then Topics to open a list of available online help files.

INTRODUCTION

This chapter contains general information that will be useful to know before using the
MCP6N16 Evaluation Board. Items discussed in this chapter include:

* Document Layout

» Conventions Used in this Guide

* Recommended Reading

» The Microchip Web Site

» Customer Support

* Revision History

DOCUMENT LAYOUT

This document describes how to use the MCP6N16 Evaluation Board. The document
is organized as follows:

» Chapter 1. “Product Overview” — Important information about the MCP6N16
Evaluation Board.

» Chapter 2. “Installation and Operation” — Covers the initial set-up of this board,
required tools, board setup and lab equipment connections.

» Appendix A. “Schematic and Layouts” — Shows the schematic and board lay-
outs for the MCP6N16 Evaluation Board.

* Appendix B. “Bill of Materials (BOM)” — Lists the parts used to populate the
MCP6N16 Evaluation Board. Also lists alternate components.

© 2015 Microchip Technology Inc. DS50002365A-page 7
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CONVENTIONS USED IN THIS GUIDE

This manual uses the following documentation conventions:

DOCUMENTATION CONVENTIONS

Description

Represents

Examples

Arial font:

Italic characters

Referenced books

MPLAB IDE User’s Guide

Emphasized text

...Is the only compiler...

Initial caps A window the Output window
A dialog the Settings dialog
A menu selection select Enable Programmer
Quotes A field name in a window or | “Save project before build”
dialog
Underlined, italic text with A menu path File>Save
right angle bracket
Bold characters A dialog button Click OK

A tab

Click the Power tab

N‘Rnnnn

A number in verilog format,
where N is the total number of
digits, Ris the radix and nis a
digit.

4'b0010, 2'hF1

Text in angle brackets < >

A key on the keyboard

Press <Enter>, <F1>

Courier New font:

Plain Courier New

Sample source code

#defi ne START

Filenames aut oexec. bat

File paths c:\nctcl8\h

Keywords _asm _endasm static
Command-line options - Qpa+, -Opa-

Bit values 0, 1

Constants OxFF, ‘A

Italic Courier New

A variable argument

file.o,wherefilecanbe
any valid filename

Square brackets [ ]

Optional arguments

nccl8 [options] file

[opti ons]
Curly brackets and pipe Choice of mutually exclusive |errorlevel {0]1}
character: {| } arguments; an OR selection
Ellipses... Replaces repeated text var_name [,
var_name. . .]

Represents code supplied by
user

void main (void)
{
}

© 2015 Microchip Technology Inc.
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RECOMMENDED READING

This user's guide describes how to use MCP6N16 Evaluation Board. Other useful

documents are listed below. The following Microchip documents are available and

recommended as supplemental reference resources.

« MCP6N16 Data Sheet — “Zero-Drift Instrumentation Amplifier” (DS20005318)
Gives detailed information on the instrumentation amplifier.

« MCP6V11 Data Sheet —“7.5 pA, 80 kHz Zero-Drift Op Amps” (DS20005124)
Gives detailed information on the op amp as Vrgg buffer amplifier.

« MCP1525 Data Sheet —“2.5V and 4.096V Voltage References” (DS21653)
Gives detailed information on the 2.5V voltage reference IC.

« MCP4018 Data Sheet — “7-Bit Single 1°C™ Digital POT with Volatile Memory
in SC70" (DS22147)

Gives detailed information on the digital potentiometer IC.

* AN1258 Application Note —“Op Amp Precision Design: PCB Layout
Techniques” (DS01258)

Discusses methods to minimize thermojunction voltage effects in a PCB design.

THE MICROCHIP WEB SITE

Microchip provides online support via our web site at www.microchip.com. This web
site is used as a means to make files and information easily available to customers.
Accessible by using your favorite Internet browser, the web site contains the following
information:

* 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 consultant 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

CUSTOMER SUPPORT

Users of Microchip products can receive assistance through several channels:

+ Distributor or Representative

* Local Sales Office

+ Field Application Engineer (FAE)
* Technical Support

Customers should contact their distributor, representative or field application engineer
(FAE) for support. Local sales offices are also available to help customers.

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

REVISION HISTORY
Revision A (June 2015)

This is the initial release of this document.

© 2015 Microchip Technology Inc. DS50002365A-page 9
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Chapter 1. Product Overview

1.1 INTRODUCTION
The MCP6N16 Evaluation Board is described by the following:

» Assembly #: 114-00354-R3
* Order #: ADM00640
* Name: MCP6N16 Evaluation Board

This board uses the following Microchip ICs:

* MCP6N16-100 (Zero-Drift INA)

* MCP6V11 (Zero-Drift, Low-Power Op-Amp)
+ MCP1525 (2.5V Voltage Reference)

* MCP4018 (DigiPot Potentiometer, 10 kQ)

Iltems discussed in this chapter include:

* Purpose
 Description
» What Does This Kit Contain?

1.2 PURPOSE

This evaluation board is designed to provide an easy and flexible platform when
evaluating the performance of Microchip Technology’s MCP6N16 Zero-Drift
instrumentation amplifier (INA). The fully assembled evaluation board includes
differential input filtering, two jumper selectable gain settings and output filtering, in
addition to an external voltage reference circuit to allow for an adjustable output
common-mode level shifting.

1.3 DESCRIPTION
131 Block Diagram

Figure 1-1 shows the overall functionality of this evaluation board, followed by a brief
description of each block. Detailed information is available in Appendix
A. “Schematic and Layouts”and Appendix B. “Bill of Materials (BOM)”.

INA: MCP6N16
- Single Supply
— > : 85&2Letn;|”atlelrnput Filtering > Signal Outputs
Sensor Gain Select Ot (J7,J12)
Connector - sain select Uption
— » - Chip-enable >
- External Vger
A
VRer Power Supply
- 2.5 Reference Voltage Connector
- Adjustable (J2)
- Output Buffer/Filter Op Amp

FIGURE 1-1: Overall Block Diagram.

© 2015 Microchip Technology Inc. DS50002365A-page 11
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1.3.2 Sensor Connector

The sensor connector, J5, is a 6-pin screw terminal configured to accommodate a
variety of sensors. Bridge-type sensors can have their excitation voltage connected to
either the V1 supply of the evaluation board or to another externally-supplied source.
In addition, the connector provides sense line connections.

1.3.3 Instrumentation Amplifier

The MCP6N16 is a zero-drift instrumentation amplifier designed for single-supply
operation with rail-to-rail input (no common mode crossover distortion) and output
performance. The device can be operated over a supply range of +1.8V to +5.5V
(Vpurt)- The evaluation board is populated with the MCP6N16-100, which is designed
to be operated with a gain of +100V/V and higher. At a gain of +100V/V, the
MCP6N16-100 offers a typical input signal range of 34 mVp_p, with a maximum offset
voltage of only 17 pV. It offers a very low noise of 0.93 pVp_p (0.1 to 10 Hz), and a
voltage noise density of 45 nV/VHz.

The RC input filter provides a low-pass function for both common mode (CM) and
differential mode (DM) signals. They are fast enough to follow supply variations and to
let the MCP6N16 reject CM mains noise (e.g., harmonics of 50 or 60 Hz). In its default
setting, it is set to a gain of +101V/V; using jumper J9, it can be reconfigured for gain
of +301V/V. The output filter provides a low-pass function for both CM and DM signals.
It is slow in order to minimize noise and interference.

134  Vger

The evaluation board uses the precision voltage reference IC MCP1525 to provide a
+2.5V reference voltage (Vggp) with an accuracy of better than 1%. This voltage can
be adjusted and used as an external reference voltage for the MCP6N16 to level shift
its output voltage to a desired level.

135 Power Supply Connector

The evaluation board allows for a number of supply configurations using connector J2.
In its default configuration, the board can be operated with just one external lab supply
voltage (Jumper J1 is installed and connects the V1 and VS+ lines together).

Shown in Figure 1-2 and Figure 1-3 are the 3D views of the evaluation board’s top and
bottom side. The evaluation board measures approximately 4.3" x 2.4"
(10.9 cm x 6.1 cm).

1-2: 101VIV
3-2: 301V

ADMO00640

FIGURE 1-2: MCP6N16 Evaluation Board — Top View.

DS50002365A-page 12
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Product Overview

FIGURE 1-3: MCP6N16 Evaluation Board — Bottom View.

1.4 WHAT DOES THIS KIT CONTAIN?

The MCP6N16 Evaluation Board kit includes:

* MCP6N16 Evaluation Board (ADM00640)
* Important Information Sheet

© 2015 Microchip Technology Inc. DS50002365A-page 13
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Chapter 2. Installation and Operation

2.1 INTRODUCTION

This chapter shows how to set up and operate the MCP6N16 Evaluation Board. Iltems
discussed in this chapter include:

Required Tools
Basic Configurations
Detailed Circuit Descriptions

2.2 REQUIRED TOOLS
2.2.1 Bench Setup

In order to operate the evaluation board on the lab bench, the following equipment and
tools are required:

MCP6N16 Evaluation Board

Lab DC Power Supply with single output

- Generates +5.0V typical (J2/3, Vpyt) and ground (GND, J2/1)

Voltmeter (Multimeter)

Signal Generator to simulate a low-level sensor signal, or a suitable sensor
Oscilloscope with high-impedance probe (= MQ)
Optional: Signal Analyzer (network analyzer, spectrum analyzer, etc.)

- High-input impedance (= 1 MQ)

MCP6N16 EVB

VREF (TP!
J5 (TPS)

VB+
Sense+
Signal b AIN+ VOUT1 (TP1).
b AIN-
Source
Sense- u
VB- VOUT2 (TP4)

GND (TP2)

J7 (SMA)

GND VCM VDUT J2
VS+

Voltmeter

Power Supply

Oscilloscope

Spectrum Analyzer

(optional)

FIGURE 2-1:

Basic Lab Bench Setup Example.

© 2015 Microchip Technology Inc.
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2.3 BASIC CONFIGURATIONS

The following sections present various configurations supported by the MCP6N16
Evaluation Board.

2.3.1 Out of the Box Setup

The setup for these boards when they are shipped is as follows:

+ Gain = 101V/V
+ External Vggg

Follow Step 1 through Step 4 to set up the evaluation board and get started (see

Figure 2-1):

1. Connect a +5.0V supply to J2: V1 and GND.

2. Connectthe inputs AIN+ and AIN- to an appropriate signal (e.g. 10 Hz sine wave,
10 mVpp).

3. Measure the DC voltage Vreg at TP5 with a voltmeter: it is suggested to set this
to +2.5V (adjust with R23 if necessary) to level shift the output of the MCP6N16

centered between the supply rails.

4. Connectan oscilloscope to the output at either TP1 (V) or J7 and observe the
output signal of the MCP6N16.

2.3.2 Test Points

Table 2-1 lists the test points and describes their functionality.

TABLE 2-1: TEST POINTS
Test Point
Comments

Ref. Des. Label /10
TP1 VOUT1 ) MCP6N16 filtered output signal voltage
TP2 AGND — Ground reference point (analog)
TP3 VDD (0] Vpp (from the PIC® microcontroller) (Note 1)
TP4 VOUT2 O MCPG6N16, filtered Vrgp signal voltage
TP5 VREF (0] Buffered and filtered reference voltage
TP6 — (0] Unbuffered reference voltage
TP7 — (0] MCP6N16 output before filter

Note 1: Functional only when connected to PIC® device.

DS50002365A-page 16
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2.3.3 Jumper Settings

Table 2-2 shows the jumper settings.

TABLE 2-2: JUMPER SETTINGS

Jumper
Ref. Position | Default Comments
Label . .
Des. setting | setting
J1 1-2 Closed |Connects Vpyt and VS+ supply lines together
J3 | Sensor 1-2 Closed | Use this setting to power the sensor with the Vp
supply supply.
2-3 Open | Use this setting to supply sensor power from an
external source (e.g. DAC1).
J4 CS 1-2 Open |Enable function (EN); use to place the MCP6N16 into

power-down by installing this jumper.
1-2 Closed | Connects the SENSE+ line to the VB+ line
5-6 Closed |Connects the SENSE- line to the VB- line
3-4

Open | Optional: when installed shortens the AIN+ and AIN-
inputs together.
May be used for diagnostic purposes.

J6

J8 +3.3V 1-2 Open | Use only when power will be supplied by the PIC®
ext. microcontroller attached through J12. Not needed for
stand-alone bench operation.

Jo Gain 1-2 Closed | Configures the MCP6N16 for a gain of +101V/V
Select 2-3 Open | Configures the MCP6N16 for a gain of +301V/V

J10 | VCM 1-2 Closed | Connects the external Vg (from J2) to the signal
inputs through R13 and R14

2-3 Open | Use this to provide a DC-path for the INA inputs when
the signal is AC-coupled. (Section 2.4.3.1 “Input
AC-Coupling”)

J11 | VREF 1-2 Open | Use this to reference Vggg pin of the MCP6N16 to
ground

2-3 Closed | In this setting the output of the MCP6N16 will be level
shifted by the external Vggp voltage.

J13 1-2 Open | Use this setting in conjunction with the DigiPot
MCP4018. This function is only available when the
PIC® microcontroller is attached at J12.

2-3 Closed | Connects the adjustable reference voltage to the buffer
amp U4

© 2015 Microchip Technology Inc. DS50002365A-page 17
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2.4 DETAILED CIRCUIT DESCRIPTIONS

24.1 Power Supply

When in its default configuration, the evaluation board requires only one external power
supply, typically a +5.0V single supply voltage applied to pin 3 (or 4) of the 4-pin screw
terminal J2. The ground connection (GND) should be made to pin 1 of J2; see

Figure 2-1.

Note 1: Jumper J1 is installed by default and therefore shorts the V1 and VS+
supply voltage connections together. In this configuration, the evaluation
board can be operated with full functionality within a voltage range of
+2.7V to +5.5V.

2:  Removing jumper J1 will necessitate a second external power supply to
maintain full operation of the evaluation board. This will allow the
MCP6N16 to be operated over its full supply range of +1.8V to +5.5V. The
VS+ supply should not be lower than +2.7V, in order to maintain operation
of the +2.5V precision reference IC MCP1525.

The LEDs D1 and D2 will indicate that power is applied to the Vpyt and VS+ supplies.

1 2
VS+ J2
VDUT T 2]+2.7Vto +5.5V
T o|+1.8Vto +55V
VCM ~|Vem
C1 c2 ~|GND
10uF | 10uF
) R31 R3 T
C5 R5 1k 1k
— 1k ;
0.1uF
D2 D1
§GREEN §GREEN XD

N

O

<

a GND GND
Switched
3.3VDD fom
Motheboard

FIGURE 2-2: Power Supply Circuit and Connections.

The power plane of the evaluation board is separated into two segments: one labeled
VpyT and one VS+. The V1 supply line mainly powers the MCP6N16 instrumentation
amplifier. It is also connected to be the supply rail for any attached bridge sensor (VB+,
VB-). The VS+ supply powers the precision voltage reference MCP1525, and the
Zero-Drift op-amp MCP6V11.

The evaluation board is also preconfigured to be operated from a +3.3V supply rail
when connected up to a PIC® microcontroller. Jumper 8 is needed to make this
connection, while any external lab supplies must be disconnected from the power
connector J2.

In addition to connecting the supply voltages, pin 2 of terminal J2 can be used to apply
an external common-mode voltage (V) for biasing the inputs of the instrumentation
amplifier MCP6N16 (see Figure 2-2). Further details on this function can be found in
Section 2.4.3 “Instrumentation Amplifier”.

DS50002365A-page 18
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2.4.2 Sensor Connection

The evaluation board provides a 6-pin screw terminal to allow for a variety of sensors
to be connected, and, based on the specific sensor, the user can select either a 2-, 3-,
4- or 6-wire interface configuration. Figure 2-3 shows the screw-terminal with its pin
descriptions: AIN+ and AIN- are the differential signal inputs for the instrumentation
amplifier. To facilitate a quick noise test, install a jumper on J6 that will shorten the AIN+
and AIN- lines together.

Note: The evaluation board comes with the MCP6N16 device set for a gain of
101V/V; when operating with a +5.0V supply rail the typical full-scale input
range of the MCP6N16-100 is about 34 mVp_p.

VB+ and VB- are the two connections for the excitation voltage for the sensor (usage
depends on sensor type). In its standard configuration, a jumper is installed at J3,
connecting the supply voltage V1 to VB+ (typically +5.0V). Resistor R1 and R17
allow for any additional series resistance to be added into the sensor excitation lines.
An additional option for providing excitation is through the DAC1 line by using an
external supply (e.g. current source) or stimulus. For this, jumper J3 needs to be
adjusted accordingly. Another option for the user is to superimpose an AC signal
(through C4) onto a DC excitation voltage to simulate an AC error signal that the sensor
might pick up and examine the common-mode rejection behavior of the filters and
instrumentation amplifier.

J3
m~~—] VDUT

DAC1 .
0.1uF< R1
c4 OR

ajunlhslwin —

=(IN[W|B oo
3

A
L

R17
OR

GND

FIGURE 2-3: Sensor Connections.
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2421 EXAMPLE: 4-WIRE LOAD CELL

VB+
Sense+
AIN+
AIN-
Sense-
VB-

o 00 00 o

FIGURE 2-4: Connecting Diagram for a 4-Wire Load Cell.

The SENSE+ and SENSE- lines can be used for a 6-wire sensor interface. In its default
configuration, the jumper installed at J6, connects Sense+ to VB+ and Sense- to VB-.
As shown in Figure 2-5, the sense lines have an additional set of common- and
differential-mode RC filters similar to the AIN+ and AIN- lines.
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FIGURE 2-5: Sense Line Connections.
24.3 Instrumentation Amplifier

The MCP6N16 is a zero-drift instrumentation amplifier designed for single-supply
operation with rail-to-rail input (no common mode crossover distortion) and output
performance. Its design is based on a current feedback architecture which allows for
the output voltage to be independently set regardless of the input common-mode
voltage. The gain of the instrumentation amplifier is set by two external resistors, but
unlike most INAs, the gain accuracy of the MCP6N16 is only determined by the relative
match of those external resistors (Rg and Rg). Refer to the MCP6N16 data sheet for
more details on its operation and specifications.
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2431 INPUT AC-COUPLING

With resistors R6 and R9 (both 0Q) populated, the signal inputs on the evaluation board
are DC coupled to the inputs of the instrumentation amplifier MCP6N16. Alternatively,
the inputs can be configured for AC coupling. For this, replace resistors R6 and R9 with
ceramic capacitors (0.1 pF, or as required). In this AC-coupling configuration, it is
important to provide a DC bias path for the inputs of the instrumentation amplifier. This
is accomplished with resistors R13 and R14, which are already installed. They can be
either referenced to ground or an external common-mode voltage (V) by setting the
jumper J10 accordingly. The resistor along with the coupling capacitors will also result
in a high-pass filter; for example using 0.1 pyF capacitors and 200 kQ resistor will set
the -3 dB frequency at about 8 Hz.

Note: When using resistors R13 and R14, the input impedance at the AIN+ and
AIN- is determined by the value of these resistors. Removing the resistors
will restore the high input impedance provided by the MCP6N16, but will
also eliminate the option of using an external common-mode voltage (V)
through J2.

2.43.2 INPUT AND OUTPUT FILTERING

The MCP6N16 features internal EMI filters on all four of its inputs that are very effective
suppressing high-frequency signals from interfering and causing unwanted offset
voltages. Those internal filters may already be sufficient for some applications and the
sensor can be connected directly to the inputs of the MCPEN16. The evaluation board
includes additional external RC filtering comprised of common-mode and
differential-mode filters which will limit the input signal bandwidth according to
Equation 2-1.

EQUATION 2-1:

) _ 1 _ 1

Note that capacitors C6 and C9 have been selected with a lower tolerance of 5%,
instead of the typical 10%, to improve time constant matching between R7C6 and
R10C9 and consequently limit the CMRR degradation caused by such mismatches.
The -3 dB frequency for these filters is about 8 kHz. The MCP6N16-100 maintains a
very high common-mode rejection, CMRR of > 100 dB out to 100 kHz. This allows for
a relatively high corner frequency to be chosen for this filter and therefore reduces the
series resistor (i.e. R7 and R10) value, which may otherwise cause unwanted offset
and noise contributions at the input of the high-gain instrumentation amplifier.

It is recommended to keep the value of C7 at least ten times larger than C6 and C9 to
reduce the effects of the time constant mismatch and improve performance.

EQUATION 2-2:

1

(2;: (R7 + RZO)(C7 + %5))

Differential-Mode filter: /pjpp=

1

The differential-mode input filter has its -3 dB frequency corner at about 378 Hz. Note
that the filter will start affecting the gain at a much lower frequency, for example the
input signal will be lowered by 1% at about 54 Hz.
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The complete frequency response of the signal path consisting of the input filter,
MCP6N16 and the output filter is shown in Figure 2-6. Here, the -3 dB frequency corner
is at approximately 300 Hz with a flat gain out to about 30 Hz.
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FIGURE 2-6: Frequency Response of the Complete Signal Path for a
Differential Gain of 101V/V.

Figure 2-7 shows the signal path including the input and output RC filters of the
MCP6N16. The RC output filter is similar to the input filter with the exception that the
common-mode pole is set at about 1.59 kHz and the differential pole is at about

756 Hz. Once the actual nature of the sensor/input signal and its bandwidth is known,
the filter poles can be adjusted to limit further the noise-bandwidth and to optimize the
interface to an A/D converter that may follow.
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FIGURE 2-7: Instrumentation Amplifier MCP6N16 Signal Path Circuitry.
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2.43.3 INA GAIN SELECTION

The evaluation board allows users to quickly set the gain on the MCP6N16 to either
101V/V or 301V/V by setting the jumper on J9 (labeled Gain Select) accordingly. Note
that the feedback resistors R11 and R16 are populated with a tolerance of only 0.1%
(instead of the standard 1%) to provide a higher gain accuracy. The gain is set with two
external resistors and follows the relationship shown in Equation 2-3.

EQUATION 2-3:
Differential Signal Gain: G ,= 1 +RIL_ 1
1 RIS
_ 1 +(RII+RI6)_
G2 — 301

The transfer function of the MCP6N16 is given as shown in Equation 2-4.

EQUATION 2-4:

Vour=G (Vip- Vi) + Veer

Table 2-3 lists suggested resistor values for the feedback (Rg) and gain resistors (Rg),
using 1% standard resistor, for a desired gain. Large value resistors should be avoided
as they may start to contribute noise. To keep the output loading minimal and maintain
optimum linearity the selection of the gain setting resistors should take any additional
load resistance into account, according to Equation 2-5.

EQUATION 2-5:

(Rp+ Rg)|| R, > 10 kQ

TABLE 2-3: SUGGESTED RESISTOR VALUES FOR VARIOUS GAINS

Gain R R
V) (Ohm,F 1%) (Ohm(f 1%) MCP6N16-001 | MCP6N16-010 | MCP6N16-100
1 Short None Yes No No
2 10 kQ 10 kQ Yes No No
5 20 kQ 4.99 kQ Yes No No
10.1 9.09 kQ 1kQ Yes Yes No
20.1 19.1 kQ 1kQ Yes Yes No
49.7 24.3 kQ 499Q Yes Yes No
101 10 kQ 100Q Yes Yes Yes
301 30 kQ 100Q Yes Yes Yes
500 249 kQ 49.9Q Yes Yes Yes
1001 49.9 kQ 49.9Q Yes Yes Yes

Note: The MCP6N16-100 is internally compensated to be used for gains higher
or equal to 100. If lower gains are desired, consider using alternate models,
for example the MCP6N16-010 for gains higher or equal to 10, or the
MCP6N16-001 for gains higher or equal to 1.

Capacitor C11 in combination with R16 can be added to the feedback network to form
an additional low-pass filter of approximately 800 Hz (with C11 = 0.01 yF). This may be
used as an alternate filter option instead of the common/differential-mode RC filter at
the output of the MCP6N16 consisting of R8, R19, C8, C10, C12.
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2434 ENABLE FUNCTION

The MCP6N16 instrumentation amplifier features an Enable-pin (EN); since there is no
internal pull-up resistor, the MCP6N16 on the evaluation board is placed into the
Enable state (operational) by an external pull-up resistor (R4). The evaluation board
provides two options for the user to examine the part’s performance in its power-down
state: either in a static mode, by inserting a jumper on J4, or through the CS1 line. If
this line is connected to an external stimulus (CMOS levels), the dynamic performance
can be examined.

24.4 External Vygg Circuit

Included on the evaluation board are various options that deliver an external reference
voltage to the MCP6N16, which can be used to level shift the output signal. Since the
MCP6N16 is configured in a single-supply configuration on the evaluation board, either
the input is biased with an appropriate input DC bias voltage to keep the amplifier within
its specified input range, or the output needs to be level shifted. Refer to the MCPEN16
data sheet for further details.

The MCP1525 (U2) is a precision, low-power voltage reference with an output voltage
of +2.5V. Resistor R23 is a 25-turn potentiometer that is used to provide an adjustment
range of +0.025V to +3.0V at the output of the reference buffer U4. The buffer amplifier
uses the MCP6V 11, a zero-drift micro-power operational amplifier that is configured for
a gain of +1.2V/V. To minimize noise the bandwidth of this amplifier stage is limited to
about 8 Hz using capacitor C15, which is placed in parallel with the feedback resistor.
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FIGURE 2-8: External Precision Voltage Reference Circuitry.

An alternate method to adjusting the reference voltage manually with R23 is offered
with the Digital Potentiometer device MCP4018. The use of this device will require the
user to connect the MCP4018 12C™ interface to an external controller (e.g. a PIC
microcontroller). Jumper J13 is used to switch between the manual option on the
MCP4018.
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245 PIC® Microcontroller Analog/Digital Interface

The MCP6N16 Evaluation Board is preconfigured to interface with a microcontroller, for
example the PIC24FJ128GC010, which includes 16-Bit Sigma-Delta ADCs. For more
information please refer to the “MPLAB® Starter Kit for Intelligent.Integrated. Analog
User’s Guide” (DS50002172) and AN1607 Application Note — “PIC24FJ128GC010
Analog Design Guide” (DS00001607). The 40-pin dual row header (J12) connects to
various nodes of the MCP6N16 circuit and places them in one convenient place. In
order to utilize this interface, the user will need to select the desired microcontroller and
design the necessary interface hardware and software/firmware.

Another option to interface with the I°C of the MCP4018 DigiPot is to utilize the
“PICKkit™ Serial Analyzer User’s Guide” (DS51647).
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Appendix A. Schematic and L ayouts

A.1 INTRODUCTION

This appendix contains the following schematics and layouts for the MCP6N16
Evaluation Board.

* Board — SchematiC

* Board — Top Silk

» Board — Top Copper and Silk

» Board — Top Copper

» Board — Bottom Copper

* Board — Bottom Copper and Silk

» Board — Bottom Silk

© 2015 Microchip Technology Inc. DS50002365A-page 27



8z 8bed-y59£z20005SA

-ou| ABojouyoa] diyoooIN G102 ©

A.2

BOARD — SCHEMATIC

0.1uF VeM
c3 Re  VDUT J
B
R6, RO: for A4 I Do
AC-coupled R4 hat
inputs replace GND GND ™ R30 High =Enabled
with 0.1uF caps c6 ‘ MW cs Low = Disabled/shut-down
8 1k
R6 R7 1 . .
AMA WA 3 |ing VOB Ul MCPEN16-100 _ 1p° TP J7
OR 2 L) 7 R8 ?
v p OUL W\
g > 10k
N vss = e Gain Select: R12 10k
5(6; 1-2: 101V cs8 DNP
4 23:301VV 0.01uF
R15 ﬁENP 0.01uF
R17 100R Zhe c11 3
S J9 3 0.01uF ND
O0R SRi8
~ <> 100R 0.0140F Voutl/ICHO+IN
GND
GND R19
WAV Vout2/CHO-IN_]
10k @I,)
TP4
CH1+IN (SVref+)
Vst U2 MCP1525/2.5V vs+
c15 cre
1uF 0.1uF

1

3
12C_SCLK &t SCL

4
12C_DIO <

GND

W
GND
o R23
o 10K
u3
VoD A6
W15 @y R28
SDA 100R
2 B
Vss
<; MCP4018 SC-70-6
10K
GND

Vs+ J2
vDuT <] #27Vto +55V
1 o +1:8V to +5.5V
«|Vem
[ c2 ~| GND
10uF  [10uF
R31  SR3 T
cs RS 1k Sk
1k
0.1uF
o2 W D1
GREEN
QEREEN 13 GND
o
O]
<]
o GND GND
Switched
33VDD from
A4 Motherboard
3
VDD - SW_VDD
T 9 T
[Vouti/CHO+IN ADCT ]|
[MVout2/CHO-IN ADC2 }
ADC3 .
[CHI=IN (Svref=) P2
[[CHTIN (SVref) AVREF-
5019
GPA2_Out
GND N R20
T2C_DIO NS 0r

macife
5
E\hr%
;
llo]|[F
a

DGND

Interconnector to PIC motherboard

DGND

apINg s,4asn pleog uolenjeas 9TN9dDIIN



Schematic and Layouts
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MICROCHIP

Appendix B. Bill of Materials (BOM)

B.1 MCP6N16 EVALUATION BOARD BILL OF MATERIALS (BOM)
Table B-1 shows components installed on the PCB. Table B-2 shows the alternate
components that the user may wish to acquire and install.
TABLE B-1: BILL OF MATERIALS FOR ASSEMBLED PCB (BOM)
Qty. | Reference Description Manufacturer Part Number
2 |C1,C2 Cap.ceramic 10 yF 16V 10% X5R SMD 1206 | TDK Corporation | C3216X5R1C106K
5 |C3, C4,C16, |Cap.ceramic0.1 uF 16V 10% X7RSMD 0603 | AVX Corporation |0603YC104KAT2A
C18, C21
3 |C5,C7,C14 |Cap.ceramic0.1 uyF25V10% X7RSMD 0805 | Murata GRM21BR71E104KAQ1L
Electronics®
2 |C6,C9 Cap. ceramic 0.01 yF 16V 5% SMD 0603 | Taiyo Yuden Co., |EMK107SD103JA-T
Ltd.
5 |C8, C10, Cap. ceramic 0.01 yF 50V 10% X7R SMD | Murata GRM40-X7R103K050BD
C12, C13, 0805 Electronics
C19
2 |C15,C17 Cap. ceramic 1 pF 10V 10% X7R SMD 0805 | NIC Components | NMC0805X7R105K10TRPF
2 |D1,D2 Diode LED green 2.1V 20 mA 6 mcd CML Technologies | 7012X5
Diffuse SMD 0805 GmbH & Co. KG
1 |FB1 Ferrite 500 mA 220R SMD 0603 Murata BLM18AG221SN1D
Electronics
3 |J1,J4,J8 Conn. Hdr.-2.54 male 1x2 gold 5.84 MH TH | FCI 77311-118-02LF
vert.
1 [J2 Conn. terminal 5 mm 10A female 1x4 TH PHOENIX 1729034
R/A CONTACT
5 1J3,J9,J10, |Conn. Hdr.-2.54 male 1x3 gold 5.84MH TH | FCI 68000-103HLF
J11,J13 vert.
1 [J5 Conn. terminal 5 mm 15A female 1x6 TH On-Shore ED500/6DS
R/A Technology Inc.
1 |J6 Conn. Hdr-2.54 male 1x6 gold 5.84MH TH | FCI 68001-106HLF
vert.
1 |J7 Conn. RF coaxial SMA female 2P TH vert. | Amphenol 901-144-8RFX
Commercial
1 |J12 Conn. Hdr. 2.54 MM 40 POS gold R/A Sullins Connector | SBH11-PBPC-D20-RA-BK
Solutions
9 |JP1,JP2, Mech. HW jumper 2.54 mm 1x2 3Mm 969102-0000-DA
JP3, JP4,
JP5, JP6,
JP7, JP8, JP9
4 | PAD1, PAD2, | Mech. HW rubber pad cylindrical D7.9 H5.3 | 3M SJ61A11
PAD3, PAD4 | black
Note: The components listed in this Bill of Materials are representative of the PCB assembly. The

released BOM used in manufacturing uses all RoHS-compliant components.
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TABLE B-1: BILL OF MATERIALS FOR ASSEMBLED PCB (BOM) (CONTINUED)
Qty. | Reference Description Manufacturer Part Number
1 |PCB Printed Circuit Board — MCP6N16 Microchip 04-10370
Evaluation Board Technology Inc.
6 |R1,R6,R9, |[Res. TKF OR 1/8W SMD 0805 Panasonic® — ERJ-6GEYORO0QV
R17, R20, ECG
R24
1 |R2 Res. TKF 10R 5% 1/8W SMD 0805 Yageo Corporation | 9C08052A10R0JLHFT
4 |RS3, R5,R30, |Res. TKF 1kQ 5% 1/16W SMD 0805 Stackpole RMCF 1/10 1K 5% R
R31 Electronics, Inc.
2 |R4,R27 Res. TKF 1M 1% 1/8W SMD 0805 Panasonic — ECG | ERJ-6ENF1004V
R7, R10 Res. TKF 2 kQ 1% 1/8W SMD 0805 Panasonic — ECG | ERJ-6ENF2001V
5 |R8, R19, Res. TKF 10 kQ 1% 1/8W SMD 0805 Panasonic — ECG |ERJ-6ENF1002V
R21, R25,
R26
1 |R11 Res. TF 10 kQ 0.1% 1/16W SMD 0805 Panasonic — ECG |ERA-6YEB103V
3 |R13, R14, Res. TKF 200 kQ 1% 1/10W SMD 0603 Panasonic — ECG | ERJ-3EKF2003V
R22
3 |R15,R18, Res. TKF 100R 1% 1/16W SMD 0805 Stackpole RMCF 1/10 100 1% R
R28 Electronics, Inc.
1 |R16 Res. 20 kQ 1/8W 0.1% 0805 SMD Panasonic — ECG |ERA-6YEB203V
1 |R23 Res. trimmer Cermet 10 kQ 10% 500 mW | Murata Electronics | PV36W103C01B00
TH 3296W
1 |TP2 Conn. TP tab silver mini 3.8x2.03 SMD Keystone 5019
Electronics
1 |U1 Zero-Drift instr. amplifier, GMIN = 100, Microchip MCP6N16-100E/MS
MSOP-8 Technology Inc.
1 U2 2.5V Precision voltage reference SOT23-5 | Microchip MCP1525T-I/TT
Technology Inc.
1 |U3 Digital potentiometer 1-ch, 10 kQ, SC70-6 | Microchip MCP4018T-103E/LT
Technology Inc.
1 (U4 Zero-Drift 80 kHz op amp, SOT23-5 Microchip MCP6V11T-E/OT
Technology Inc.
Note: The components listed in this Bill of Materials are representative of the PCB assembly. The

released BOM used in manufacturing uses all RoHS-compliant components.

TABLE B-2: BILL OF MATERIALS FOR ALTERNATE COMPONENTS
Qty. | Reference Description Manufacturer Part Number
1 |U1 Zero-Drift instr. amplifier, GMIN = 10, Microchip MCP6N16-010E/MS
MSOP-8 Technology Inc.
Zero-Drift instr. amplifier, GMIN = 1, MCP6N16-001E/MS
MSOP-8
Note: The components listed in this Bill of Materials are representative of the PCB assembly. The

released BOM used in manufacturing uses all RoHS-compliant components.
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Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-5778-366
Fax: 886-3-5770-955

Taiwan - Kaohsiung
Tel: 886-7-213-7828
Taiwan - Taipei

Tel: 886-2-2508-8600
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829

France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Dusseldorf
Tel: 49-2129-3766400

Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Germany - Pforzheim
Tel: 49-7231-424750
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781
Italy - Venice

Tel: 39-049-7625286
Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Poland - Warsaw

Tel: 48-22-3325737
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
Sweden - Stockholm
Tel: 46-8-5090-4654
UK - Wokingham

Tel: 44-118-921-5800
Fax: 44-118-921-5820
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CraHpapT
INeKTpPOoH
ﬂ CBAA3b

Mbl MOf04aA M aKTUBHO Pa3BMBAIOLLAACA KOMMAHWA B 061acTM  MOCTaBOK
3NEKTPOHHbIX KOMMOHEHTOB. Mbl NOCTAaBASEM  3/IEKTPOHHbIE  KOMMOHEHTbI
OTEYEeCTBEHHOIrO U MMMOPTHOIO NMPOWU3BOACTBA HAMPAMYIO OT NPOU3BOAMUTENEN U C
KpYMHEMLWKNX CKNaZ0B MUpa.

Enaro,a,apﬂ coTpygHn4ecTtesy C MMpPOBbIMU NOCTaBWMKaMWN Mbl OCYLLECTBIAEM
KOMMNNEKCHbIE N NN1aHOBblE MNMOCTABKU LumpoqaﬁLuero CNEeKTpa 3/1EKTPOHHbIX
KOMMOHEHTOB.

CobcTtBeHHan 3¢p@eKTUBHAA NOrMCTUKA M CKNag B obecneunBaeT HageKHYHo
MOCTaBKy MNPOAYKLMM B TOYHO YKa3aHHble CPOKM Mo Bcel Poccum.

Mbl ocyuiecTBisem TEXHUYECKYI0 MNOALEPKKY HAWWM  K/IMEHTaMm U
npeanpoaaxkHyto NPOBEPKY KayecTsa NpoayKumu. Ha Bce noctaBnsiemble NpoAyKTbl
Mbl MPEAOCTaBASEM TFAPaAHTUIO .

OcyuwiectBndem nNOCTaBKM NpoOAYKUMM nog, KoHTponem Bl MO PO Ha
npeanpuATUA BOEHHO-NPOMbIWIEHHOTO KoMnaekca Poccuun , a TakKe paboTtaem B
pamkax 275 ®3 c OTKpbITUEM OTAE/bHbIX CHETOB B YNONHOMOYEHHOM BaHKe. Cuctema
MeHeXMeHTa KayecTBa KomnaHum cooTBeTcTByeT TpeboBaHuam FOCT ISO 9001.

MWHUMaNbHbIE  CPOKM  MNOCTAaBKW, TMOKME  UeHbl, HeorpaHWYeHHbIN
aCCOPTUMEHT UM WHAMBMAYANbHbLIN MNOAXOA K KAMEHTaM ABAAIOTCA OCHOBOW ANA
BbICTPAMBaHMA A0FOCPOYHOIO M 3GPEKTUBHOIO COTPYAHMYECTBA C NPEeANPUATUAMM
PaANO3NEKTPOHHOMW NPOMBIWAEHHOCTU, NPEeanPUATUAMM BMNK u HayuHo-
nccnenoBaTeNbCKUMKU MHCTUTYTaMm Poccun.

C Hamu Bbl CTAaHOBMUTECH elle ycnewHee!

[HaLLIM KOHTAKTbI: \

TenedoH: +7 812 627 14 35

dNeKTpPOHHaA nouTa: sales@st-electron.ru

Appec: 198099, CaHkT-MNeTepbypr,
MpomblwneHHasa yn, gom Ne 19, nutepa H,
nometleHune 100-H Oduc 331
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