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AN2108 explains multiple implementations of a hysteresis comparator using PSoC® 1. Hysteresis is necessary to

produce a glitch-free comparator output when there is noise in the input signals.
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1 Introduction

The comparator is the most fundamental building block of a mixed-signal design. It is essentially a differential
amplifier with an extremely high open loop gain. Figure 1 illustrates a representation of a comparator and its output
response

Figure 1. Comparator Response

Via :

When V, is greater than V,, the output is driven to the positive supply rail; conversely, when V, is less than V,, the
output is driven to the negative supply rail. A slight amount of noise in V, or V, can cause the comparator output to
oscillate, as shown in Figure 2. This is a common occurrence when the input signals vary slowly.
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Figure 2. Comparator Output with Noisy Inputs
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One solution is to get rid of noise in the V, and V, signals using a filter. This requires extra hardware resources,
however, and it is not possible to remove the noise completely. A more practical solution is to include hysteresis in a
comparator. Hysteresis creates two thresholds—one for the output to switch from low to high and another for the
output to switch from high to low.

The hysteresis voltage is defined as the difference in these thresholds:

Vhysteresis = VHighThreshold - VLowThreshold Equatlon 1

Hysteresis voltage Vhysteresis Should be kept greater than the peak-to-peak value of the noise signal to ensure a glitch-
free output, as shown in Figure 3.

Figure 3. Comparator Output with Hysteresis
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2 Hysteresis Comparator Design

There are several ways to implement a hysteresis comparator in PSoC 1 using the following:

= Continuous time (CT) analog block

m  Switched capacitor (SC) analog block

The CT block includes an opamp and a resistor array. This makes the analog block useful for functions such as a
programmable gain amplifier (PGA) and comparators. The SC block includes an opamp with a switched capacitor
network around it. This architecture enables the implementation of an integrator, a differentiator, a filter, an amplifier,

a DAC, a comparator, and many more.

For details on the PSoC 1 architecture, see the Technical Reference Manual. This application note explains
hysteresis comparator design using both the CT and SC blocks.
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2.1 Comparator User Module in PSoC Designer™

PSoC Designer™ provides the Comparator (COMP) User Module, as shown in Figure 4. This module implements
two different hysteresis comparator architectures, COMPH and COMPDH, as shown in Figure 5.

Figure 4. COMP User Module
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Figure 5. Hysteresis Comparator Implementations in the COMP User Module
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Following are some highlights of the COMPH and COMPDH implementations:

m  The COMPH and COMPDH hysteresis comparator’s inputs are limited to continuous time inputs or filter outputs.
The feedback path for the hysteresis limits is "analog" and is not latched; therefore, noncontinuous inputs do not

maintain the input state above the hysteresis high threshold.

m  CT blocks are used. COMPH consumes one CT block, and COMPDH consumes two CT blocks.

m  The reference signal in COMPH is connected to AGND (analog ground), whereas in COMPDH, the reference

can be any external signal.
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®  They use an internal resistor array for setting the hysteresis. Due to the limited number of resistor taps, the
hysteresis voltage can be set to Vpp * (1/16, 2/16, 3/16...15/16).

The user module implementation offers a cost-effective solution with an internal resistor array and low pin usage. But
this comes at the cost of the precision with which the hysteresis can be set. The user module provides a minimum
hysteresis voltage of Vpp / 16. For Vpp = 5V, the hysteresis voltage is 0.312 mV. The following sections explain
alternative ways to implement a hysteresis comparator that provide a lower hysteresis voltage:

m  Design 1. Hysteresis Comparator Using CT Block and External Resistors shows a hysteresis comparator
implementation using a CT block and external resistors. This architecture allows the hysteresis to be set
precisely.

m  Design 2: Hysteresis Comparator Using SC Block shows a hysteresis comparator implementation using an SC
block. This implementation is useful when no CT blocks are free.

m Design 3: Comparator with Independently Controllable Hysteresis shows a unique technique to implement a
comparator with independently controllable hysteresis thresholds.

w

Design 1: Hysteresis Comparator Using CT Block and External Resistors

Figure 6 shows the basic design of a hysteresis comparator.

Figure 6. Basic Hysteresis Comparator Design
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The hysteresis voltage for the design is calculated as follows:

Hyst = (Vry - V) where

_ (R1+Ry)Vper  R1Vor

Equation 2
R, R,

Vrn

_ (R1+Ry)Vpgr  RiVon
R Rz

VoL and Von are the lower and higher limits of the comparator output. Figure 7 shows the design’s transfer curve.

VrL

Equation 3

Figure 7. Transfer Curve
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Note that the hysteresis thresholds are symmetric around Vgrer When Vger is equal to Vpp/2, but not at other Vgrer
voltages.
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A PSoC Implementation
You can implement the design in Figure 6 in PSoC using the COMP and Digital Buffers (DigBuf) User Modules, as
shown in Figure 8.

Figure 8. Hysteresis Comparator Using a CT Block

DigBuf

Vin

The comparator output is connected to the comparator bus. This output is routed to a pin through a DigBuf User
Module. R1 and R2 are the external resistors that set the hysteresis. The Vgrer voltage can be obtained using a

resistor array in the CT block.

3.2 Design Example

This section presents an example design of a hysteresis comparator using a CY8C27443 PSoC 1 device with 50 mV
of hysteresis voltage added to a reference voltage of 1.25 V. Follow these steps to configure PSoC 1:

1. Place a COMP User Module in the design.

2. Select COMPA as the configuration using the Selection option, as shown in Figure 9. COMPA allows the input
to be taken from a pin and the reference to be set internally.

Figure 9. Comparator Mode Selection
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3. Open the comparator wizard. Configure the V14 and LowLimit parameters to 0.250 and Vss, respectively, to set
the threshold voltage to 1.25 V. See Figure 10.

Here is the equation for a comparator threshold voltage:
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Vthreshold = Vry (Vpp — LowLimit) + LowLimit

Figure 10. Comparator Configuration Using Wizard
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4. Set Input to “AnalogColumn_InputMUX_0" in the user module properties, as shown in Figure 11. Leave the rest
of the settings at the defaults.

Figure 11. Comparator Properties
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5. Set the comparator input by clicking on “AnalogColumn_InputMUX_0.” In this example, the input is set to PO[1],
as shown in Figure 12.

Place a DigBuf User Module in the design. Set its inputl to the comparator output.
Route the DigBuf User Module output to a pin. In this project, the output is routed to pin P1[4].
Select external resistors: Solving Equation 2 and Equation 3 results in Equation 4-.

_ Won—Vo)Ry

R
2 Hyst

Equation 4

For (R1 + R2) >> 1 kQ, Vou and Vo for a digital output can be considered the same as Vpp and GND
respectively. For this application, use an R1 of 10 kQ and Vpp = 5 V. The required hysteresis voltage is 50 mV,
which yields R2 =1 MQ.
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Figure 12. User Module Placement
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The hysteresis threshold voltages can be calculated using Equation 2 and Equation 3 as follows:

Vig = (1M + 10K) 220 — 022K = 1.262 Equation 5
Vi =M+ 10K) 220 — 523% = 1 2125 Equation 6

9. The following firmware is required to start the user modules:

/* part specific constants and macros */
#include <m8c.h>

/* PSoCl API definitions for all User Modules */
#include “PSoCAPI.h”

void main (void)
{

/* Start comparator user module */
COMP 1 Start (COMP_ 1 HIGHPOWER) ;

/* Start Digital buffer */
DigBuf 1 Start();

while (1) ;
}

The PSoC Designer project “HysteresisCompl,” based on the CY8C27443 PSoC 1 device, is provided. You can test
the project with the external connections shown in Figure 13.
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Figure 13. Test Setup
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3.2.1 Test Waveforms
Feed a 3-V (peak to peak), 2-V offset sinusoidal signal of any suitable frequency as an input. Figure 14 shows the

waveforms obtained on the oscilloscope.

CH1: Input CH2: Output

Figure 14. Test Waveforms

Notice the reference of approximately 1.25 V in Figure 14. The hysteresis thresholds can be observed in Figure 15.
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Figure 15. Zoomed Version
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The hysteresis voltage configured in the design is 50 mV. Figure 15 shows a hysteresis voltage of about 60 mV. This
difference is due to sources such as tolerance of the external resistors, Vo, and Von variations, and supply variations.
4 Design 2: Hysteresis Comparator Using SC Block

It is also possible to make an SC block comparator with hysteresis. The SC block comparator’'s threshold level is
determined by the ratio of two internal capacitors. This produces a comparator with a hysteresis that

®  Has no external components

m  Allows the hysteresis thresholds to be easily changed in the firmware

To learn about SC blocks, see the application note AN2041 — Understanding PSoC 1 Switched Capacitor Analog
Blocks.

Figure 16 shows an SC block configured as a programmable threshold comparator.

Figure 16. Programmable Threshold SC Comparator
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The Cg path is a negative input, so this topology builds an inverting comparator. That means the output is low when
the input exceeds some threshold.

The output is low when the charge transferred in the Ca path is greater than the charge supplied in the Cg path.
Vous = LOW : Vi, Cp > AgignViefCa Equation 7

The threshold is defined in Equation 8:.

Vinreshotd = Asign (Vres — AGND)E—: Equation 8

where AGND is the analog ground voltage.

Thus, the threshold voltage of an SC block comparator can be changed by altering the capacitor ratio.

WWW.Cypress.com Document No. 001-29479 Rev. *E 9
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To implement hysteresis, the threshold voltage must be made a function of Vout. The type C SC block in PSoC 1
allows the threshold to be modulated depending on Vout.

Figure 17 shows the comparator with hysteresis. With the initial Asign Set to negative, the high output voltage causes a
positive threshold level to be generated. When the input voltage exceeds this threshold, the output goes low. This low
output causes a negative threshold level to be generated. See Figure 18 for the waveforms.

Equation 9 and Equation 10 provide the hysteresis thresholds.
Vig = AGND + (Vyof — AGND)E—:; : Vouwe = HIGH Equation 9
Vi, = AGND - (V,of — AGND)i—: i Vyu = LOW Equation 10
The hysteresis voltage is given by

Viysteresis = 2 (Vres — AGND)i—: Equation 11

Note that the CA and CB capacitance can be varied from 0 units to 31 units; 1 unit is equal to 70 fF (typical).

Figure 17. Comparator with Hysteresis Added
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Figure 18. Hysteresis Thresholds
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As given in Equation 9 and Equation 10,, the hysteresis threshold depends on
®  Analog ground (AGND) voltage
®  Vger VoOltage

m  C,/Cg cap ratio
AGND is configured using the Ref Mux setting in the PSoC Designer Global Resources, as shown Figure 19.
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4.1

Figure 19. Ref Mux Options
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The values shown in Figure 19 are defined in the following format:

AGND +reference

The AGND voltage can be set to Vpp/2, Bandgap (1.3 V), 1.6*Bandgap (2.08 V), 2*Bandgap (2.6 V), and external
voltage at pin P2[4].

In addition to AGND, the PSoC 1 reference generator generates two signals:

REFHI = AGND + reference

REFLO = AGND — reference

The signals REFHI and REFLO along with AGND can be used as inputs to the analog blocks.

m  The VREF signal can be obtained from several sources: the CT block, a DAC built using the SC block, an
internal reference generator, or a pin.

m  CA and CB can be configured individually from O units to 31 units.

Design Example

This section presents an example design of a hysteresis comparator using a CY8C27443 PSoC 1 device with the
reference voltage equal to 1.3 V.

The example uses REFHI (2.6 V) for the Vrer input. The minimum possible hysteresis voltage is as follows:

AVT = +(Vref — AGND) X Ca min / Cg max
1
AVT = +(2.6V = 13V) X o= = +84mV
Configure the Ca/Cg ratio equal to 1/6, which gives the hysteresis thresholds of + 0.216 V around AGND.
Then follow these steps:
1. Place an SCBLOCK User Module on a type C SC block. You can identify a type C analog block by the name
“ASCxx.”

2. The Vgrer and Vi inputs of the SC block in Figure 14 are represented as ACMUX and BMUX respectively in
PSoC Designer, as shown in Figure 20. Set the ACMUX input, that is, Vrer, to REFHI. Route the BMUX input to
a pin—in this example, P2[3]. The comparator bus is enabled, which allows the modulator to access the
comparator output.
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Figure 20. SC Block Placement and Routing
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3. Configure the SC block properties, as shown in Figure 21.

Figure 21. SC Block Properties
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With FSW1 and FSWO0 “Off” and AutoZero “On,” the block is configured as a comparator. Set ACap and BCap to
5 and 30 respectively to get a ratio of 1/6. Set the other parameters as shown in Figure 21.

4. Place a DigBuf User Module to route the comparator output to a pin. In this project, the comparator output is
routed to pin P1[4].

5. Configure the global parameters, as shown in Figure 22.

WWW.Cypress.com Document No. 001-29479 Rev. *E 12


http://www.cypress.com/

PSoC®1 - Implementing a Hysteresis Comparator

Figure 22. Project Global Parameters
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The analog column clock is set to VC1, as shown in Figure 20. The column clock frequency should always be
less than 8 MHz. Set the VC1 divider to 16 in the Global Resources, as shown in Figure 22; this yields the VC1
clock frequency 24 MHz/16 = 1.6 MHz. Set Ref Mux to Bandgap + Bandgap, which configures the AGND as
Bandgap (1.3 V) and REFHI as 2.6 V. Configure the other parameters based on the application requirements.

6. Write the firmware as follows:

/* part specific constants and macros */
#include <m8c.h>

/* PSoCl API definitions for all UM */
#include “PSoCAPI.h”

void main (void)
{
/* Start SC block */
SCBLOCK 1 Start (SCBLOCK 1 HIGHPOWER) ;

/* Start Digital Buffer */
DigBuf 1 Start();

/* Enable modulator */
AMD CRO|=0x4;

while (1) ;
}
Configuring AMD_CRO allows the comparator output to be used for modulation.

The PSoC Designer project “HysteresisComp2,” based on the CY8C27443 PSoC 1 device, is provided. You can
test the project with the external connections, as shown in Figure 23.
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Figure 23. Test Setup
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4.1.1 Test Waveforms
Feed a 3-V (peak to peak), 2-V offset sinusoidal signal of any suitable frequency as an input. Figure 24 shows the
waveform obtained on the oscilloscope.

CH1: Input CH2: Output

Figure 24. Test Waveform
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1 . . . .
CHT Bhtmy 2 100V

Notice the hysteresis voltage of 440 mV, which is close to the target threshold of 216 mV (432 mV).

5 Design 3: Comparator with Independently Controllable Hysteresis

Many circuit topologies generate the hysteresis thresholds equidistant from some reference. Sometimes, it is
desirable to have a topology that allows an independent alteration of the individual thresholds.

A simple method to allow two isolated threshold levels is to have two actual comparators and some digital logic.
Equation 12 is the Boolean representation of the hysteresis requirements.

Out = High + (Out = Low) Equation 12
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Figure 25 shows the implementation.

Figure 25. Hysteresis Comparator Design
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5.1 PSoC 1 Implementation
A PSoC 1 solution requires two parts:
m  Two programmable comparators
= Digital logic
You can implement the comparators using two COMP User Modules. Follow these steps to implement the design in
PSoC 1:

1. Place two COMP User Modules within the COMPA configuration. The comparators are named “COMP_High”
and “COMP_Low,” as shown in Figure 26.

2. Take the comparator inputs from the same pin. In this project, PO[1] is taken as an input pin.

Figure 26. Comparator Placement and Routing
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3. Configure the comparator reference voltages in the user module properties or using the comparator wizard. Set
the Comp_High threshold to 1.56 V and the Comp_Low threshold to 1.25 V. This gives the hysteresis a voltage

of 310 mV. See Figure 27 and Figure 28.

WWW.Cypress.com Document No. 001-29479 Rev. *E 15


http://www.cypress.com/

PERFORM

PSoC®1 - Implementing a Hysteresis Comparator

Figure 27. “Comparator High” Wizard
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Figure 28. “Comparator Low” Wizard
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4. Place two DigBuf User Modules. Connect the comparator outputs to the DigBuf inputs.

5.

Implement the digital logic using the LUT hardware in the digital row lines, as shown in Figure 29.
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Figure 29. Digital Logic Implementation
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The buffers along with the routing network and the digital row logic (LUTs) allow the required digital logic to be
implemented.

6. Write the firmware to start the user modules. Following is the C code:

/* part specific constants and macros */
#include <m8c.h>

/* PSoCl API definitions for all User Modules */
#include “PSoCAPI.h”

void main (void)

{
/* Start the comparators */
COMP_High Start (COMP_High HIGHPOWER) ;
COMP Low Start (COMP_Low HIGHPOWER) ;

/* Start digital buffer user
modules */
HighBuf Start();
LowBuf Start();
}

The PSoC Designer project “HysteresisComp3,” based on the CY8C27443 PSoC 1 device, is provided. You can
test the project with the external connections, as shown in Figure 30
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Figure 30. Test Setup

Oscilloscope

PSoC1

CY8C27443

PO[1] PO[6]

Signal Generator AC
500Hz, 3V (peak to peak),
Offset = 2V vdd

GND

5.1.1 Test Waveforms

Feed a 3-V (peak to peak), 2-V offset sinusoidal signal of any suitable frequency as an input. Figure 31 shows the

waveform obtained on the oscilloscope. Notice the hysteresis voltage of 320 mV.

CHZ1: Input CH2: Output

Figure 31. Test Waveform

320

CH1 1.00% CH2 1.00%

6 Summary

This application note explained several topologies to implement hysteresis in a comparator.
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