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Switched-Cap Filter
1.0

Features

B 4 selectable filter types SCFilter

Filter_1

5

Low pass va
“|veand [ |

High pass

Band pass compl|+

Band stop

Continuous-time output

Automatic sample rate for best performance or set by user
Filter response graphs in frequency and time domains
Optional input to change the polarity of filter output

Comparator output as zero-crossing detector

General Description

The Switched-Cap Filter Component is a 2nd-order inverting filter using the Universal Analog Block (UAB).
The filter input is sampled at a specified sample rate resulting in a "stepped" output waveform. User-defined
parameters such as the sample rate, corner frequency, center frequency, and bandwidth are realized as a
set of capacitor values. A high bandwidth operational amplifier from the Continuous Time Block (CTB) is
used to buffer the filter output.

When to Use the Component

The filter processes input signals to deliver an output with lower noise, rejecting interference outside of
the desired band. This is commonly done for low frequency or DC signals, or band-limited signals for
data modulation (e.g., Frequency-shift keying (FSK)). It may be used as a notch filter to eliminate specific
interfering frequencies.

Note If you need to connect a filtered signal to the Scan_ADC Component, use the filter function within the
Scan_ADC Component to maintain proper clock synchronization.
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Quick Start

1. Drag an Switched-Cap Filter Component from the Component Catalog Cypress/Analog folder onto
your schematic (placed instance takes the name Filter_1).

2. Double-click to open the Configure dialog.

3. Set up the desired settings (Sample rate, Filter type, Gain, etc.). Rename the instance name to Filter
for readability.

4. Connect the input/output terminals (see Input/Output Connections).
5. Open the Design-Wide Resources Pin Editor and assign the input and output pins for your design.

6. Build the project in order to verify the correctness of your design. This adds the required modules to
the Workspace Explorer, and generates configuration data for the Filter instance.

7. In the main.c file, initialize the peripheral and start the application:

/+ If Pol/mod is enabled, apply the signal before calling Start(). =/

/+ Apply AGND before calling Start ().
«* If the PVref component is used for AGND, remember to start it. =/

/* Call Start() to initialize and enable the Component.

* The filter offset will be trimmed when Start () is called the first time. */
Filter_Start();

8. Build the project and program the device.

Input/Output Connections

This section describes the various input and output connections for the Switched-Cap Filter Component. An
asterisk (x) after the terminal name indicates that the terminal may not be shown on the Component symbol
for the conditions listed in the description of that I/O terminal.

Terminal 1/0 Type Description
in Analog Input The filter input analog signal.
vagnd Analog Input The input capacitor is charged between the reference voltage and an internally-

generated voltage called Agnd. This is typically set to be equal to half the analog
supply voltage, though sometimes a more stable voltage derived from the system
bandgap reference voltage is chosen. This connection is typically provided from
a PVref Component.

pol_modx | Digital Input This terminal appears when the Pol/mod enable checkbox is checked.

A high on this terminal gives a non-inverting filter and a low gives an inverting
filter. When the Pol/mod enable checkbox is not checked, the filter is inverting and
the pol_mod terminal is not shown.

A clock signal (from a PWM, not a clock component) on this pin gives a multiplying
mixer.

clockx Digital Input This terminal is for a user defined clock input when Sample rate is set to External.
The clock frequency should be between 40 kHz and 4 MHz.
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Switched-Cap Filter

Terminal 1/0 Type Description

out Analog Output | This is a buffered signal of the filter output. The UAB output is connected to a
buffer from a CTB. This buffer is included in the component.

comp Digital Output This is a comparator output signal that is high when the filter output is above
vagnd. The Interrupt Service Routine section shows how to handle the compara-
tor interrupt.

Component Parameters

This section covers the various parameters available from the Component's Configure dialog. Drag a
Switched-Cap Filter Component from the Component Catalog onto your schematic and double-click it to
open the dialog.

For any selectable parameter, the option shown here in bold is the default. An asterisk (x) near the param-
eter name indicates that the parameter will appear only under certain conditions.

Configure 'SwitchedCapFilter v1 0 ? 2
Mame: Filter_1
/" Basic | Builtin qb
Sample rate Auto = 1000 [=) Hide graph corfigurations
Achieved (ksps): 300 Fitter response graphs Filter response scaling
- L& Zoom: [Log | Phase [Degrees ~| Frequency: [He =
Filter type: Low pass - == Phase . —
= Group delay Gain ‘dE - | Group delay: |Secunds - | Time base: | Time -
Comerfreq kHz): 10 = Tone input
Tone response =
Notch freg (kHz): — Impulse 8 Log 150 Log
| St Linear Linear 1
Pol/mod enable =P
Gain 0 dB A 0
2 e
(=] Show coefficients ) 0.95
5 0.8
-8 0.85
-10 0.8
12 0.75
14 0.7
16 0.65
E -18 0.6
E‘ _20 g 0.55
3 79 & 0.5
_24 0.45
-26 0.4
. 0.35
30 0.3
-3z 0.25
- 0.2
= 0.15
oos
-40 .
% ama o w oo o coo 0
S e TNy eRs o 0. i 15
Frequency (kHz) Time (ms)

The Basic tab contains two groups of parameters:

B Filter Parameters (on the left) determine the filter response

B Display Parameters (on the right) determine which filter response graphs are displayed and how they
are scaled.
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Filter Parameters

Sample rate
Configures the sample rate of the filter.

Auto

The component auto-selects a sample rate with a target OSR of 30 using an internal clock. A filter's
OSR is calculated as:

Sample Rate
QSR = 2a4mpie rate

FCenteerorner

User entry (ksps)

When selected, enter a desired sample rate in ksps and the Component selects a clock divider using
an internal clock to achieve a rate closest to the entered value.

External

When selected, a clock terminal appears on the Component symbol. Provide a clock input and set the
frequency. The sample rate is half of the external clock frequency.

The use case for this parameter is a sweeping filter where the corner or center frequency is adjustable
by changing only the clock.

The clock source, either internal or external, must be an integer divider of the high frequency clock (HFCLK)
and the divider value must be at least 2.

Achieved (ksps) - display only

This text box displays the achieved sample rate.
Filter type
Filter type selection. The type is displayed in the schematic symbol in an abbreviated form.

Low pass
High pass
Band pass
Band stop

When Low pass or High pass are selected, enter the corner and notch frequencies. When Band pass or
Band stop are selected, enter the center frequency and bandwidth.

Corner freq (kHz) (Low pass and High pass)
The corner frequency is the -3 dB point.
Center freq (khz) (Band pass and Band stop)

The center frequency is the arithmetic mean of the upper and lower -3 dB points.
Notch freq (kHz) (Low pass and High pass)
When this entry field is empty, the notch is not implemented.

A, |
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Bandwidth (kHz) (Band pass and Band stop)
For a Band pass, the bandwidth is the difference between the upper and lower -3 dB point.
For a Band stop, the upper and lower points are defined as:

\/Bandwidthz + 4F oprer® — Bandwidth
FLoweT = 2

FUpper = Fiower + Bandwidth

Pol/mod enable

When checked, a terminal appears on the schematic symbol for polarity control. A low on the terminal gives
an inverting filter and a high gives a non-inverting filter. When unchecked, the filter is inverting.

This checkbox is only available for the Low pass and Band pass filter types. Also when checked, notch
operation is disabled.

Gain
The default gain value is 0 dB. The linear gain should be between 0.1 to 10. The dB gain should be between
and -20 dB to 20 dB.

If the achieved gain is not within 5 % of the user-specified value, an info message is displayed indicating so.
Gain unit
The gain unit selection, either dB or Linear, will update the user-defined gain value.

m dB
B Linear

Show/Hide coefficients

This button will toggle a display text box that contains the final filter coefficients based on the following
transfer function:

Numgy + Num;z~! + Num,z™?

1+ Den,z='+ Den,z~?

H(z) =

The coefficients are displayed in the order of Num0, Num1, Num2, Den1, and Den2.

Display Parameters

Display parameters only affect the way the filter response is presented in the Configure dialog. They have
no effect on the code generation or filter settings.

Hide/Show graph configurations

This button toggles the display of the parameter selections. When hidden, the graphs automatically resize
to fill up the space to make them easier to read.

When many subplots are shown in the graph area, the plot axes may not be numbered as expected because
of limitations in the automatic plot routines.

A .
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The plots are divided into two subplot areas, for frequency and time parameters. Right-click on either subplot
to copy the image to the clipboard.

Filter response graphs

Gain

Displays the amplitude of the overall filter response over frequency.
Phase

Displays the phase shift of the overall filter response over frequency.
Group delay

Displays the group delay of the overall filter response over frequency.
Tone input

Displays a sine wave signal at the center or cutoff frequency to be used as the input to the filter.
Tone response

Displays the filter's response to the Tone input sine wave.

Impulse

Displays the filter's response to a positive-going single-sample impulse.
Step

Displays the filter's response to a postive going unit step function.

Filter response scaling: Zoom

Log

Provides a view of the filter's response with a logarithmic frequency scale from DC to the Nyquist
frequency, Fs/2.

Linear

Provides a view of the filter's response with a linear frequency scale from DC to the Nyquist frequency,
Fs/2.

Custom

Enables custom control of the minimum and maximum limits of gain and frequency. The frequency
and gain axes can be set in both linear and logarithmic modes.

When selected, the Frequency axis scaling and Gain axis scaling fields are enabled.

Filter response scaling: Gain

Display the amplitude of the Gain response graph in a dB or linear scale.

dB

Linear

Filter response scaling: Phase
Display the phase of the Phase response graph in degrees or radians.

A, |
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B Degrees
B Radians

Filter response scaling: Group delay
Display the delay of the Group delay response graph in microseconds or as a number of samples.

B Seconds
B Sample counts

Filter response scaling: Frequency
Display the frequency axis of all frequency response graphs in kHz or as a fraction of the sample rate, Fs.

B Hz
B Fraction of Fs

Filter response scaling: Time base
Display the time axis of all time response graphs in milliseconds or in sample counts.

B Time
B Samples

Frequency axis scaling: Log/Linear selection
This option is valid only when Custom zoom is selected.
Sets the Frequency response x-axis to log or linear scale.

B Log
B Linear

Frequency axis scaling: Upper limit
This option is valid only when Custom zoom is selected.

Sets the upper limit for the x-axis of the frequency response graph. The maximum upper limit should be less
than or equal to half of the sample rate.

Default is 150 kHz.
Frequency axis scaling: Lower limit
This option is valid only when Custom zoom is selected.

Sets the lower limit for the x-axis of the frequency response graph. The lower limit should be less than the
upper limit value and should not be less than zero.

Default is 0 kHz.

Gain axis scaling: Log/Linear selection

This option is valid only when Custom zoom is selected.
Sets the Gain response x-axis to log or linear scale.

B Log

Y .
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B Linear

Gain axis scaling: Upper limit
This option is valid only when Custom zoom is selected.

Sets the upper limit for gain response in either dB or linear scale.

Default is 0 dB.
Gain axis scaling: Lower limit
This option is valid only when Custom zoom is selected.

PSoC® Creator™ Component Datasheet

Sets the lower limit for gain response in either dB or linear scale. The lower limit should be less than the

upper limit value.
Default is -140 dB.

PRELIMINARY
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Application Programming Interface

By default, PSoC Creator assigns the instance name Filter_1 to the first instance of the Switched-Cap Filter
in a given design. You can rename it to any unique value that follows the syntactic rules for identifiers.
The instance name becomes the prefix of every global function name, variable, and constant symbol. For
readability, the instance name used in the following section is Filter.

B General APIs
General APIs are used for run-time configuration of the component during active power mode.
B Power Management APls

Power management APIs perform the necessary configurations to the components to prepare it for entering
low power modes.

General APIs

General APIs are used for run-time configuration of the component during active power mode.
These include starting the, stopping, reading from registers, and writing to registers.
Functions

B void Filter_Start (void)

void Filter_Stop (void)

void Filter_ClearInterrupt (void)
uint32 Filter_GetlInterruptStatus (void)
uint32 Filter_GetCompStatus (void)
void Filter_Init (void)

void Filter_Enable (void)

B void Filter_TrimFilterVos (void)

Function Documentation
void Filter_Start ( void )
Start the Component. Must be called before using the Component.

Invokes Filter_Init() (the first time it is called only) and Filter_Enable(). After this function call, the
Component is enabled and operating. This is the preferred method to begin Component operation.

Note This function also calls Filter_TrimFilterVos() the first time it is called to reduce the filter offset.
This requires that the Agnd be applied to the component before calling this function the first time. If
the Pol/Mod bit is used, apply the desired the Pol/Mod level as well before calling Filter_Start().

void Filter_Stop ( void )

Stop the Component.
Power down the UAB and output buffer blocks.

void Filter_Clearlnterrupt ( void )

Clear the comparator interrupt so that subsequent interrupts can be triggered and handled.

A .
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uint32 Filter_GetlinterruptStatus ( void )

Return the comparator interrupt status.
Returns

B 0: Comparator did not trigger

B 1: Comparator interrupt triggered

uint32 Filter_GetCompStatus ( void )

Return the comparator output status.
Returns

B 0: Comparator output is low

B 1: Comparator output is high

void Filter_Init ( void )
Initialize the Component according to parameters defined in the customizer.

It is not necessary to call Filter_Init() because the Filter_Start() API calls this function and is the
preferred method to begin the Component operation.

void Filter_Enable ( void )

Enable the Component.

It is not necessary to call Filter_Enable() because the Filter_Start() API calls this function and is the
preferred method to begin the Component operation.

void Filter _TrimFilterVos ( void )
Run an algorithm to reduce voltage offset using the UAB's Agnd buffer and Opamp trim.

During trimming, the filter inputs are disconnected from the UAB block, the non-inverting input of both
UAB opamps are connected to Agnd, and the output buffer is configured as a comparator.

Trimming is done by comparing the filter output with Agnd. The algorithm steps through the Opamp
trim codes first and then the Agnd trim codes to find where the filter output crosses Agnd. For each
trim code, a blocking delay is used to allow the filter output to settle before reading the comparator
status. This delay is equivalent to 97, where tau is the filter time constant:

1
T———
22X XF

For Band pass and Band stop, F is the bandwidth. For Low pass and High pass, F is the corner
frequency. The algorithm can check up to 40 different trim codes, but it will typically complete in much
less time.

Once trimming is complete, the UAB and output buffer are restored to their original configuration.

A .
PRELIMINARY w5 CYPRESS
Page 10 of 14 Document Number: 002-24187 Rev. **



PSoC® Creator™ Component Datasheet Switched-Cap Filter

Note Agnd must be applied to the component before calling this function. If the Pol/Mod bit is used,
set the Pol/Mod level to the desired value before calling this function.
Power Management APIs

Power management APIls perform the necessary configurations to the components to prepare it for entering
low power modes.

These APIs must be used if the intent is to put the chip to sleep, then to continue the component operation
when it comes back to active power mode.

Functions

B void Filter_Sleep (void)
B void Filter_Wakeup (void)

Function Documentation
void Filter_Sleep ( void )

Disable block operation and saves its configuration. Should be called just prior to entering sleep.

void Filter_Wakeup ( void )
Enable block operation and restores its configuration. Should be called just after awaking from sleep.

Interrupt Service Routine

To access the UAB interrupt, place the Global Signal Reference Component onto the schematic and config-
ure it for the "Combined UAB interrupt (UABInt)" interrupt.

GlobalSignal_1
Global Signal

UABInt}—{+]isr 1

As with any interrupt, initialize and enable the interrupt and assign the user routine to be called.

CyGlobalIntEnable; /x Enable global interrupts. =/
/* Enable interrupt and assign the user routine to be called. x/

isr_1_StartEx(Filter_Interrupt);

The user routine should check for the interrupt status in the case multiple UABs are available on the device.
For the hardware to generate subsequent interrupts, the user routine must clear the interrupt.

void Filter_Interrupt (void)
{
uint32 compStatus;

(lUL == Filter_GetInterruptStatus())

/+ Do something here when an interrupt occurs such as reading the comparator output status. =/

Y .
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compStatus = Filter_GetCompStatus|();
/+ Clear the interrupt so subsequent interrupts can be serviced properly. x/
Filter_ClearInterrupt();

Code Examples and Applications

Code Examples

PSoC Creator provides access to code examples in the Find Code Example dialog. For Component-specific
examples, open the dialog from the Component Catalog or an instance of the Component in a schematic.
For general examples, open the dialog from the Start Page or File menu. As needed, use the Filter Options
in the dialog to narrow the list of projects available to select.

Refer to the "Find Code Example" topic in the PSoC Creator Help for more information.

There are also numerous code examples that include schematics and example code available online at the
Cypress Code Examples web page.

Application Notes

Cypress provides a number of application notes describing how PSoC can be integrated into your design.
You can access the Cypress Application Notes search web page.

Functional Description

The Switched-Cap Filter Component implements two types of biquad filters, the High-Q and Low-Q Gre-
gorian and Temes (G-T) Biquad. The G-T biquad is generally regarded as having low sensitivity and small
non-ideal effects in their filter realizations.

As shown in the following block diagram, the filter is implemented using the opamps, buffers, and various
switched capacitor arrays in the UAB. A comparator in the UAB is used to compare the filter output with the
analog ground input to provide a zero-crossing detector.

Switched-Cap Filter
vAB - S R .
| ]
' ! Opamp
| | _(CTB) _
:Dpamp Opamp : :
i |y I R | I
Filterlnput [«}—— — |—’_1> — | | — oo :|> — [<] FilterOutput
| 1
| ! 1
Buffer : : : Comparator
I : ' T +[l [+] comp
vagnd [if—— - <% #--———-m————= - - -
i Buffer :
N .
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MISRA Compliance

This section describes the MISRA-C:2004 compliance and deviations for the Component. There are two
types of deviations defined:

Deviation Type Description

Project deviations Deviations that are applicable for all PSoC Creator Components

Specific deviations | Deviations that are applicable only for this Component

Refer to the System Reference Guide for information on MISRA compliance and deviations of the files
generated by PSoC Creator.

The Switched-Cap Filter Component has no specific deviations.

Resources

The Switched-Cap Filter Component uses the following device resources:

Resource Type | Used
UAB 1

Opamp 1

DC and AC Electrical Characteristics

Note Final characterization data for this Component is not available at this time. Once the data is available,
the Component datasheet will be updated on the Cypress web site.

Component Errata

This section lists known problems with the Component.

Cypress ID | Component Version | Problem Workaround

254437 All For parts marked ES (Engineer- | Use a SYSCLK divider value of 1
ing Sample), when SYSCLK is di- | inthe Configure System Clocks ->
vided from HFCLK, the compo- | High Frequency Clocks tab.

nent will not function as expected.

Component Changes

This section lists the changes in the Switched-Cap Filter Component from the previous versions.

Version | Description of Changes | Reason for Changes / Impact

1.0 Initial version
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