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CMPA102 Datasheet

Overview

The CMPA102 comparator board provides two chanoletemparator functions with a non-inverting open-
drain protected output for each channel. Two pgaiareters (trim-pots) are included on each chammel
order to easily set independent rising and falthrgsholds. Alternatively, threshold voltages ban

provided externally by the user. Unlike traditiboamparator circuits that use positive feedback to
implement hysteresis, the hysteresis on the CMPAIEY&e is completely independent of the outpué-sid
supply voltage and load.

Rail-to-rail input stages maximize the voltage mafjowed on the inputs without requiring resistmiders.
Both the input side and the output side are dedigménterface with equipment using supply anddogi
voltages of anywhere from 3.3V to 24V, making gadifor use in low-voltage embedded systems asasell
industrial control applications. This robust desigcludes protected low-side output drivers thatge
significant sink current capability. Reverse-pijaprotection on inputs and outputs is also ineldid
Terminal blocks provide easy access to the sigmhile maintaining a compact form factor.
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Dimensions (typical shown)
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Part Number Ordering Information

CMPA102 -

1. Mounting Option

FT Rubber Feet on bottom side of PCB
DIN DIN Rail Mounting Clips

CMPA102 Stocked Part Numbers
The following part numbers represent standard aptibat are normally stocked:

CMPA102-FT
CMPA102-DIN

Simplified Schematic Drawing (one channel)
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Implementation is the same for both channels. Channel 1 is shown in the figure.
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Detailed Description

Trimpot - High
Threshold, Ch.1

Trimpot - Low
Threshold, Ch.1

LED indicator for
Input-side Supply
Voltage (VCC)

Trimpot - High
Threshold, Ch.2

Trimpot - Low
Threshold, Ch.2

Test Pads for Ch.1 LED state

Thresholds indicators for Ch.1
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Test Pads for Ch.2 LED state
Thresholds indicators for Ch.2
SIGNAL DESCRIPTION SIGNAL | DESCRIPTION
VCC Input-side Supply Voltage VPU Output-side Puliplitage
IN1 Input signal for Channel 1 OuUT1 Open-drain outfiZhannel 1
TH1-HI Access point that allows the user to moni@rannel 1 ouT2 Open-drain output, Channel 2
high threshold set by the trim-pot. Alternativedylows
user to provide their own external threshold signal
TH1-LO Access point that allows the user to mon@tannel 1 GND Ground reference
low threshold set by the trim-pot. Alternativefiows
user to provide their own external threshold signal
IN2 Input signal for Channel 2
TH2-HI Access point that allows the user to mon@drannel 2
high threshold set by the trim-pot. Alternativedylows
user to provide their own external threshold signal
TH2-LO Access point that allows the user to mon@tannel 2
low threshold set by the trim-pot. Alternativefiows
user to provide their own external threshold signal
GND Ground reference (2 locations)
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The following figure illustrates the basic behawwdthe comparator function, with hysteresis dedibg the
two thresholds set by the user. On each chatimek LEDs provide a visual indication of the outgtate
as well as the value of the input signal compaoeitie threshold signals. Channel 1 is shown, dreh@Gel
2 behaves in the same manner.

TH1-HI

TH1-LO
IN1
OUT1
LED: IN1>HI OFF | ON | OFF
LED: IN1<LO [[NONTT] ~ OFF [ ON
LED: OUT1 OIZ:F | ON : - OFF

Output Signal and LED Indicators vs Input Signals
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Input Stage for Each Channel
The following figure shows the circuitry associatth the input stage used for each channel.

VCC

POT-HI PAD HI
10K Trim-Pot
4TK 47K
GND T o1urF
THx-HI
Comparator
Circuit
INx
47K
51K
[ 0.1uF
) ) Power-on Reset | E
Pulse Generator
VCC —
POT-LO PAD 10O
10K Trim-Pot
Vo
47K 47K
T o1urF

THx-L.O

Each pin on the terminal block also has a smalciépr (100pF) connected between the signal andngto
in order provide a measure of ESD protection.

Setting the Thresholds Using the Trim-Pots

In many cases, the thresholds will be set usind.Baturn 10K trim-pots included on the board. Wthis
option, each threshold will be a percentage ofripat-side supply voltage (VCC). As the threshdds
being set by adjusting the trim-pots, the threshohdy be measured with a high-impedance instrueent
voltmeter). This is accomplished by accessinghieshold signals at either the input-side terirahack or
the test pads (located by the trim-pots).

In some cases, it may be easier to set the thidslasing the trim-pots) by visually monitoring ttate
LEDs while a known input voltage is applied to ININ2. For example, assume that it is desirecetdise
Channel 1 low threshold to 5.5V. First, with treald powered up, apply 5.5V to IN1 and check theesbf
the LED marked “IN1<LO”. If the LED is on, turnéiTH1-LO trimpot counterclockwise (decreasing the
threshold voltage) until the LED just turns off.n @e other hand, if the LED is off to begin witatn the
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TH1-LO trimpot clockwise (increasing the threshetitage) until the LED just turns on. If very pise
threshold voltages are required, it is advisabl@éasure them with a voltmeter and adjust furtheeeded.

Setting the Thresholds Using External Signals

Since the threshold signals come out to the inplg-4{&rminal block, the thresholds may be set using
external signals. Note that in this case eaclshuie signal should be supplied by a low-impedawece
to ensure that the trim-pot does not excessivelg khe signal. Referring to the input stage schiemacan
be seen that signal loading is a function of the-pot position and the series 4.7K resistor. rteo to
minimize loading, it may be helpful to set the pitemeter to its middle position (50%). On theesthand,
if using a signal source that does not have thatalify to sink current (e.g., a typical linear vbagor), it
may be best to set the trimpot fully counterclodevso that the signal source essentially seesiaofoa 7K
to ground, ensuring that the trimpot will not tendpull up the signal.

Rail-to-Rail Common-M ode | nput Voltage Range

Those who are familiar with comparator ICs probatilgome point have experienced some frustratitim wi
limitations associated with the common-mode inmlitage range, especially when operating at a lqplsu
voltage. For instance, when considering the LM2&@hparator IC (which is a fine device when used
properly), it is clear that this device will opezatt a supply voltage of 3.3V. However, it is intpat to note
that the common-mode input voltage range for thisrating condition is only 1.8V at room temp, asd |
only 1.3V across the temperature range for thecgevin other words, for a given LM2901 comparator
powered by 3.3V, one of its two inputs must stapWwehat 1.3V limit in order to achieve a guaraitee
proper output state.

The inputs on the CMPA102 board do not have thes&ltions due to the rail-to-rail input stagesttage
implemented. All inputs may go all the way fronognd to the VCC input-side supply rail. The only
limitation is that in a typical application it isl@sable to keep the threshold voltages at leasivifiom the
supply rails to ensure that there is enough volthfjerential to switch states when the input sigirasses a
threshold voltage.

Option for No Hysteresis

There may be situations in which it is desireddawéhpractically no hysteresis. This can be accimmgd by
setting the low threshold (TH1-LO, TH2-LO) to a tage that is greater than the high threshold (TH1-H

TH2-HI).
TH1-LO /\

IN1

OouT1

Output Signal vs Input Signals -- No Hysteresis
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Option for Latching Output (high state)

There may be cases in which it is desired to hageutput latch high when the high threshold iseexied,
with no option for the output to transition low ettthan by removing power from the board. For taise,
set the low threshold (TH1-LO, TH2-LO) to grounderence by setting the low-threshold trim-pot fully
counter-clockwise so that its output is zero, ocbgnecting the Thx-LO signal to ground at the trgide
terminal block. Once high, the output will remaigh as long as the input voltage is greater tharldw
threshold voltage, which has been set to grourtdisncase.

Be aware that this scheme assumes that the irgnalgiN1, IN2) will not descend all the way to gral
reference. If the low threshold voltage is at gidband the input signal is also at ground, the wudfate will
not be deterministic (that is, it may switch lowitomay remain high).

If it is desired to implement the output-high latapfunction while retaining the possibility of etting it,
then consider setting the low threshold to a snwthge (e.g., 0.1V) instead of setting it all thay down at
ground. If the output latches high and the inpted drops back into the region below the highsiodéd,
reset can be accomplished by applying a fast pesstiep on the supply rail (rising step of 3V oreydor at
least 20ms), as shown in the figure below.

vee [

THA1-HI

IN1

TH1-LO

OuT1

Reset by Step-Up on VCC

Deterministic Startup: Power-On Reset

Like any comparator circuit that includes hystesgtie output state is not strictly a functiontad tnputs
only. This is apparent by noting that when thauirgignal (IN1, IN2) is between the threshold vgés, the
output may be either high or low depending on thigular sequence of events that occurred prelyious
While this is normal and expected, it raises a gjoeslf the input signal is between the threshabitages
during power-up, what will the initial output stdie?

In order to ensure that the output state is detestit for this power-up condition, the CMPA102 bidba
includes a power-on reset function. As VCC rampstie input signal that is seen by the compai&or
gets pulled low for about 10ms. The output statlew for this condition. When the comparatorfsun
signal is then released and rises to a value bettheethreshold voltages, the state machine cl@adyprets
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this as a rising signal with an output state thafuirrently low, so the output state remains ldvwvill stay in
this state until the signal at some point excebddtgh threshold.

If it is desired to take advantage of this powermreset function, recommended maximum VCC ramp-up
times should be observed as indicated in the taddtmwv.

VCC Voltage  Max Allowed VCC Ramp-
Up Timeto Ensure Reset
3.3V 1ms
5.0V 2ms
12v 5ms
24V 10ms

For normal operation, loading on each input sidiNil, IN2) is approximately 51K. Note that duritige
brief power-up reset pulse period, loading on tipit signal is approximately 4.7K.

Fast Step-Up on VCC and Power-On Reset Trigger

The power-on reset function engages when it séest aising edge on the VCC supply line. Duringmal
operation, it is assumed that VCC will be steadyyid be rising or falling relatively slowly (e.gbattery
voltage dropping slowly over time). If using th&1A102 in a system in which the VCC supply is very
noisy (e.g., fast voltage steps of about 2V or mdhere is the potential for the power-on reseiegator to
be triggered. Depending on the state of the systeiime time that this happens, this could caus®tiput
to switch unexpectedly. If using this device igyatem with a very noisy VCC supply, please consult
Winford Engineering to discuss the particularshaf application and determine the optimal solution.

Not a Window Compar ator!

Since there are two input thresholds on each chatfveee may be an initial impression that thisidevs a
window comparator. To eliminate any confusionagkenote that this device is not a window comparato
The diagram below illustrates the behavior of thR&102 and a window comparator.

TH1-HI : | Hi : :
TH1-LO LO
ouT1 ouT 5
CMPA102 Window Comparator

(It is feasible to use CMPA102 as the basis foiredaw comparator by using both channels and adaling
external transistor. Contact Winford Engineerifigore information is needed on this topic.)

Document Revision Date: 11/01/2019 9 Of 16



Operating Conditions

Ambient Temperature Range -30°C to 85C ‘

Relative Humidity Range - not icing or condensing 585% RH ‘

Configuration for Ratings / Specifications

VCC VP
RLOAD
+ +
Input-Side INx CMPA102 OUTx Output-Side
Power Supply ) Pullup Power
- Supply
GND GND

The figure above applies for applications in which the potentiometers are used to set thresholds.

WVCC VPU o
RLOAD
INx
+ +
Input-Side THx-HI CMPA102 OUTx Output-Side
Power Supply ) Pullup Power
- Supply
THx-LO -
GND GND

The figure above applies for applicationsin which the user provides thresholds externally.
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Absolute Maximum Ratings (25 degC, all voltages relative to GND)

Specification Symbol Min Typ Max Unit
Input Supply Voltage VCC -25 27.5 Vv
Input Signal Voltages 40V or
INX 25 VCC+25
(whichever
is less)
Threshold Voltages (externally applied), THx-HI, 5 29 Vv
at VCC=24V, trim-pots in any position THx-LO
Threshold Voltages (externally applied), THx-HI, 17 29 Vv
at VCC=12V, trim-pots in any position THx-LO
Threshold Voltages (externally applied), THx-HI, 25 29 Vv
at VCC=3.3V, trim-pots in any position THx-LO
Output Supply Pull-Up Voltage VPU -30 30 V
Output Signal Voltages, at VPU=24V ouT -6 30 V
Output Signal Voltages, at VPU=12V OUTx -18 30 Vv
Output Signal Voltages, at VPU=3.3V ouT -26 30 Vv
Max rated sink current @ -30 degC
VCC =3.3V 1.5 A
VCC =5.0V IOUTX 1.7 A
VCC =12V 1.8 A
VCC = 24V 18 A
Max rated sink current @ 25 degC
VCC = 3.3V 1.0 A
VCC =5.0V IOUTx 1.3 A
VCC =12V 1.5 A
VCC =24V 5 A
Max rated sink current @ 85 degC
VCC =3.3V 0.5 A
VCC =5.0V IOUTX 0.8 A
VCC =12V 1.0 A
VCC = 24V oA

Electrical Performance and Recommended Operating Conditions (at 25 degC,
all voltages relative to GND)

Specification / Conditions Min Typ Max Unit
Input Supply Voltage (VCC) 3.2 25 Vv
Input Signal Range (INx) 0.0 VCC \%
Input Thresholds (THx-HI, THx-LO) 0.01 VCC-0.01 V
Output Pull-up Voltage (VPU) 3.2 25
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Specification / Conditions Min Typ Max Unit
Output Signal Range (OUTX) 0.0 VPU V
Input signal current, INx = 3.3V, VCC > 3.3V (stapl 0.06 mA
Input signal current, INx = 5.0V, VCC > 5.0V (stapl 0.10 mA
Input signal current, INx =12V, VCC > 12V (stable) 0.23 mA
Input signal current, INx = 24V, VCC > 24V (stable) 0.47 mA
Switch point for rising input signal, relative té4X-HI -0.01 +0.01 \%
Switch point for falling input signal, relative idHx-LO -0.01 +0.01 V
Threshold signal at full counterclockwise trim-patsition
(threshold set by trim-pot, THx-xx not connectecxvernal 0 0.01 V
circuitry)
Threshold signal at full clockwise trim-pot positio
(threshold set by trim-pot, THx-xx not connectecxternal VCC-0.01 VCC \%
circuitry)
Output OUTx Voltage, Low State (FET active)
VPU =VCC = 3.3V
RLOAD = 2.7 Ohms
_ 0.60 0.85 Vv
RLOAD = not present 0.15 0.30 v
Output OUTx Voltage, Low State (FET active)
VPU =VCC =5.0V
RLOAD = 3.5 Ohms
_ 0.57 0.80 \Y,
RLOAD = not present 0.15 0.30 v
Output OUTx Voltage, Low State (FET active)
VPU = VCC =12.0V
RLOAD = 7.7 Ohms \Y,
RLOAD = not present 0.55 0.80
0.17 0.32
Output OUTx Voltage, Low State (FET active)
INX = Logic Low
VPU = VCC = 24.0V Vv
RLOAD = 16 Ohms 0.55 0.80
RLOAD = not present 0.17 0.35
Output OUTx Voltage, High State
INX = Logic High
VPU = 3.2V to 25V VPU-03)  VPU v
No external loading
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Screw Terminal Wire Sizes
All Signals and Power: 16-26 AWG

Output Stage Component Details

The output stage for each channel is shown inithplgied schematic drawing shown previously insthi
document. Additional information is provided below

Component Manufacturer Manuf. Part Number
Output Pull-up Resistor (any) 3.0k
Output Low-Side Protected FET, Dual ON Semiconductor NCV8402AD
Output Diode (reverse-polarity protection) Nexperia MBEG045V100EPD

Each pin on the output-side terminal block alsodamall capacitor (100pF) connected between treaki
and ground in order to provide a measure of ESEeption.

Note that the outputs are open-drain outputs. Bha&ach of the outputs is able to sink a sigarftamount
of current, but can only source current thru itgpatipull-up resistor.

For a thorough understanding of the protectionuieatincluded in the protected output FET (low-side
driver), please refer to the ON Semiconductor degesfor device NCV8402AD.
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Timing Performance

For reference, typical output transition timingprevided below (for a single channel).

VCC =5.0V, VPU =12V, No External Loading

A1 L] R R e e e, D]

VPU = 24V, VPU = 12V, No External Loading

2 5.00v/ 5.00v/ 1.000¢/

(Plot time scale: 1ms/div)

Note that timing will vary somewhat based on thpli@gation. If any particular timing parameter is
critical for a given application, please consulrifdgrd Engineering to discuss the specific operating
conditions of the application.
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Applications

On each channel, a digital output provides an atéo of the value of an analog input signal reato the
analog thresholds. In addition, this product pdegia method to perform logic level translatiorcsiit
allows the input side and output side to use dfiesupply voltages. The figure below shows aclpi
application in which the the CMPA102 is used to imran analog sensor operating at 5V and provide a
digital indicator signal to a controller operatiaig24V.

vCC

24v

sV Sensor Controller
Supply (e.g., temperature, (24V Logic)
pressure, water
level, ...)

Output

GND —‘ GND 1

This product is also suitable for use as a low-dlidler for a small DC motor, solenoid, heater edaemrelay
coil, bulb, or similar. The figure below showsexample use case in which the CMPA102 is used to
monitor the water level in a tank. When the wigel drops below the THx-LO threshold set by teery
the OUTx output will go low, activating the soledavhich opens the water supply valve to allow more
water to flow into the tank. The solenoid will ram activated until the level sensor's analog augpoeeds
the THx-HI threshold set by the user. In this ijgatar application, both the input side and outgide are
operating at the same supply voltage, althoughr@pelications may be configured with separate bepp

I

Input

GND

vCcC

Water Level Solenoid

Sensor

Power
Supply
GND

Output

GND

For this type of application in which the low-sidetput driver sinks additional current beyond theent
flowing thru the output pull-up resistor, the usbould note the electrical performance charactesishble
in which max rated sink current is specified forieas conditions. It is also advisable to incledernal
clamping for inductive loads (e.g., diode placedss the load, as shown in the figure above).

System Analysis: Failure Modes & Effects

When designing any system, it is advisable to enthat there is a thorough understanding of wht wi
happen when each piece of the system fails. titegsesponsibility of the system designer to enthaethe
failure effects are understood, and that apprapgatintermeasures or redundancies are implemdnted i
warranted.

If there are additional questions about using pihesluct in a particular application, please convatford
Engineering for more information.
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Notice

Winford Engineering, LLC does not authorize anyt®froducts for use in military, medical or othiéa-
critical systems and/or devices. Life-critical d®s/systems include devices or systems whichiea) a
intended for surgical implantation into the bodybd support or sustain life and whose failure eof@rm
can be reasonably expected to result in injurynfdéd Engineering, LLC products are not designeith wie
components required, and are not subject to thiega®quired to ensure a level of reliability siite for the
treatment and diagnosis of people. Winford Enginge LLC shall not be held responsible or lialbe f
damages or injury that occur as a result of theofisieis product.

Revision History

Date

Page #

Description

11/01/2019

Option for No Hysteresis: Correctedrfigto show that transitions occur when input @ess
TH1-LO (not TH1-HI)
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