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AN2096 steps the user through the necessary configuration and code required to use the PSoC 1 ADCINC Analog-to-Digital
Converter (ADC). The ADCINC can be configured from 8 to 14 bits, and returns either an unsigned or signed (2’s
complement) output. Configuration of the ADCINC parameters and the Global Resources are covered to give the user a

complete picture on creating an ADC project using PSoC Designer™. Example projects are provided in both C and
assembly language. ADCINC is one of the many user modules available for analog to digital conversion. See AN2239 -
PSoC® 1 - Selecting The Right ADC for other converters.

Introduction

The ADCINC (or Incremental ADC) is one of the ADC user
modules offered with PSoC Designer™ for the PSoC 1
family of parts. It uses one or two analog switched capacitor
blocks and one digital block. To operate the ADCINC, you
need to properly place the ADCINC and select the correct
user module parameters. This application note assists you
in the selection of these parameters.

The example project includes a Programmable Gain
Amplifier (PGA) and 2-Line by 16-character LCD, along
with the ADCINC, create a project that is both flexible and
that makes it easy to evaluate the ADC. The PGA is added
to provide a high input impedance to the signal and to give
more flexibility to input signal routing. The 2-line by 16-
character LCD is a convenient way to display the ADC
results in an easily viewable format and only requires 3
lines of C code.

ADCINC: A Brief Description

The following figure shows the ADCINC at its highest level
of abstraction.

Figure 1. ADCINC Equivalent Circuit
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The ADCINC is an averaging ADC that samples the analog
input many times (driven by DataClock) to produce one n-bit
digital output sample. The architecture is similar to that of a
delta-sigma ADC, but operationally similar to an integrating
ADC. The ADC works as an integrator which can be reset
at the beginning of each conversion. Given below is a
simplified diagram of the incremental ADC.

Figure 2. ADCINC Equivalent Circuit
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Assuming the input is constant and positive, it is integrated
until it is greater than the Reference value of the
comparator. At this point, the Reference selection (Ref+ or
Ref-) is made so that the signal is integrated back to zero.
The value of the Counter is incremented when the
comparator output is high. The process is repeated for 2"
cycles, to fetch a resolution of n bits. Before the next
sample is converted, the integrator gets reset. The number
of cycles in which comparator output is positive is counted
to obtain the digital result.

The SampleWindow is the amount of time during which the
input is integrated. The SampleRate is the number of
consecutive samples that can be taken during one second.
Equation 1 shows the relationship between SampleRate and
DataClock. In this equation, n is the resolution setting of the
user module.
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The ADC resolution may be set between 6 and 14 bits. The
ADC uses a Pulse Width Modulator (PWM) module to count
the number of integration cycles. The PWM is set to provide
an interrupt every 256 counts of the Data Clock. The
counter integrates the signal for 2"® of these cycles. An
additional cycle is required to reset the integrator and
process the data.

DataClock

SampleRate = —————
256-(2"" +1)

Equation 1

From Equation 1 it is clear that SampleRate is directly
proportional to the input DataClock and is approximately
inversely proportional to the resolution. The required
resolution is inversely proportional to the maximum possible
SampleRate.

The choice of resolution, DataClock, and SampleRate are
determined by the particular application requirements.
Refer to the following guidelines:

e The DataClock must always have a frequency less
than or equal to the CPU clock. This is a strict
requirement, if user code is added to the
ADCINC's interrupt service routine.

e DataClock must be between 125 kHz and 8 MHz.

®  The User Module specifications limit the SampleRate to
a range of 125 sps to 31.25 ksps. (Exceeding these
limits may produce undesirable results, and the
resultant performance is not specified).

As stated earlier, the ADCINC is an averaging ADC. It
averages many individual 1-bit samples to produce one
n-bit result. Equation 2 shows this relationship. The
resolution (n) of the ADC determines the number of
samples taken to output one result. For example, an 8-bit
resolution requires 256 individual samples.

n

DataClock

If the resolution of the ADCINC is 12 bits, a DataClock of
40,956 Hz can be used to create a 100 ms SampleWindow.
This frequency is realized by dividing the 24 MHz System
Clock (SysClk) by 586 (24 MHz / 40,956Hz). Equation 3
shows that this DataClock produces a SampleWindow of
100 ms.

SampleWindow = Equation 2

12

—— =100ms
40,956

SampleWindow = Equation 3

A SampleWindow of 100 ms averages out any 50 Hz or
60 Hz line noise that may be on your signal by integrating
over an integer number of AC line cycles. If noise or
harmonic rejection is important for your particular
application, select the ideal SampleWindow value with care.

Building a Project

Figure 3 shows the block diagram for the project to be
developed.

Figure 3. Project Block Diagram
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At a high level, this project is designed to measure the
analog voltage on PO[1] pin and display the digital counts
on the character LCD on Port2. This is done in the following
stages:

e A potentiometer is used to supply a variable analog
signal to GPI1O PO[1].

e The input signal is buffered with the PGA and
connected to the ADC.

e The ADCINC digitizes this signal and outputs it to the
LCD connected to port 2. The LCD is a simple way to
view the output of the ADC.

The fol-lowing walks you through the 10 steps to creating a
project in either C or assembly code using the ADCINC
User Module. You may follow the steps to create your own
project or open either the C or assembly projects supplied
with this application note.

Step 1. Start the Design Tool

Start PsoC Designer and take the necessary steps to open
a new project for a CY8C27443-24PXI device. Name this
project “ADCINC_Demo.” You can select either assembly
or C as your programming language.
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Step 2: Select and Place ADCINC

PsoC Designer starts a new project in Chip Editor view. In
the User Modules window, open the ADCs directory. Next,
open the ADCINC directory.

Figure 4. User Modules Window
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Double-click the ADCINC icon shown in Figure 4. A new
window appears. Choose the “Select Single Stage
Modulator” option in this window and click OK. The user
module is placed into the Chip Editor view in the first
available blocks it can occupy.

This user module requires one digital block and one
Switched Capacitor (SC) block. In the default placement for
this user module, the digital block occupies DBB0O and the
analog block occupies ASC10. Leave the blocks in their
default placement. Figure 5 shows the Chip Editor view.

Figure 5. Default ADCINC Placement
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Note that each block receives a name when the ADCINC is
placed. They are:

® PWM (in a digital block)

®  ADC (in an analog block)
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Step 3: Select and Place PGA

The programmable gain amplifier receives the input signal,
buffers it, and the output is routed to the input of ADC.

m  To place the PGA, select it from the User Module
window as you did with the ADCINC, by double clicking
the PGA icon.

Figure 6. Selecting the PGA in User Module window
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m By default it will be placed just above the ADC in the
analog section.

Figure 7. Placement of PGA
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Step 4: Select and Place LCD

The LCD is very easy to add to a design. Simply select it
as you did the ADCINC and PGA. It can be found in the
User Module area under “Misc Digital”. As you did before
double click the LCD icon and it will be placed in your
design.

Figure 8. LCD Selection in User Module Window
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If you are using the PSoCEVAL1L, it has a dedicated
connector (J9) for the LCD at the bottom of the board, no
wiring required. When the LCD is plugged into this J9, it is
connected directly to Port 2.

By clicking on the LCD_1 icon in the Workspace Explorer
window, the LCD parameters will appear on the right.
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Figure 9. LCD Parameters

Parameters - LCD_1 -~ 0 X
I arne LCD_1
User Module LCD o
Wersion 1.60 —
LCDPart  Part_2 —
BarGraph | Enable Leo

Lo A

oot

LCo 1

Select “Port_2” for the “LCDPort” parameter. The BarGraph
parameter does not matter for this project.

Step 5: Parameter and Resource Selection

The first group of properties to be selected is in the Global
Resources window (at the top left side of the Chip Editor
view by default). These parameters may affect more than
just the ADCINC, so when you have multiple analog and
digital blocks, pay attention to these global parameters to
make sure the settings are compatible with all placed User
Modules. This window is shown in Figure 10.

Figure 10. Global Resources Window

Global Resources - adeine_demo - 0 M
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Set the Global Resources settings to match those in Figure
10. These settings are discussed here to understand them
better.

CPU_Clock is set to 12_MHz. This dictates the speed
of the CPU. Make sure it is always as fast as or faster
than the ADCINC clock (this is set using Data Clock
parameter under ADCINC user module, which we will
see in the next section).

32K_Select is set to Internal because an external
crystal is not used for this project.

PLL_Mode is set to Disable. With no crystal, there is
no input to the phase-locked loop (PLL) circuit.

Sleep_Timer is left at 512_Hz. It is not used for this
application.

VC1=SysCIk/N is set to 6. This sets the internal VC1
clock to 4 MHz (24 MHz / 6).

VC2=VC1/N is set to 4. This sets the internal VC2
clock to 1 MHz (4 MHz / 4). Together with VC1, the
system clock is divided by 24 (6 * 4) so that the ADC
clock runs at 1 MHz.

VC3 Source is left at VC2. The source for the VC3
internal clock is VC2. This clock divider is not used in
this project.

VC3 Divider is left at 256. This sets the internal VC3
clock to 24 MHz. VC3 is not used in this project.

SysClk Source is Internal_24_MHz. The internal
24 MHz oscillator is used generate SysCIk.

SysClk*2 Disable is set to No. The 48 MHz clock is
not disabled, even though it is not used in this project.

Analog Power is set to SC On/Ref High. This turns on
the clock to the SC blocks and sets the internal
references for their best performance. The power level
can be reduced after a project is successfully
developed and evaluated.

Ref Mux is set to (Vdd/2)+/-(Vdd/2). This sets the ADC
to use 2.5 V for its zero reference (AGND) and
measures signals in a range that is 2.5 V above and
below AGND. This allows the ADC to measure the full
range of voltage between 0 V and 5 V. This is one of
the most important analog global parameters, since it
affects almost all analog blocks. Care should be taken
when setting this parameter when multiple analog
blocks are placed in the design. It is highly
recommended to experiment with other settings for this
parameter once your project is operating as expected
to understand the impact of this setting.

AgndBypass is set to Disable. This is used to help
reduce noise on the analog ground.

Opamp Bias is set Low. Sets the bias current to all
opamp.

A_Buff_Power is set Low. This controls the power of
the analog output buffers, which are not used in this
design.

SwitchModePump is not used and is set to OFF. This
is enabled if the PsoC is powered by and external low
voltage source such as a single cell battery.
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Trip Voltage is set to 4.81 V for 5 V operation. This
sets the maximum low voltage threshold before to
PSoC.

LVD ThrottleBack is set to Disable. This option is
used to slow down the processor at lower supply
voltages.

Supply Voltage is set to 5.0 V. This is set to reflect the
operating voltage of the device.

Watchdog Enable is set to Disable. Enable or disable
watchdog timer, not used in this project.

Next, set the ADCINC parameters. Figure 11 shows the
user module Parameter window for the ADCINC. Apply the
settings shown in this figure to the ADCINC User Module.

Figure 11. ADCINC User Module Settings

Parameters - ADCIMC 1
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DataFormat is set to Unsigned. The ADCINC User
Module can output signed or unsigned samples.

Resolution is set to 8 Bit. The ADCINC may be set
between 8 and 14 bits of resolution.

Data Clock is set to VC2. In the Global Resources
window, VC2 is given a frequency of 1 MHz. This
means the data clock for this ADCINC user module is
1 MHz.

Posinput is selected to be ACB0O. This configures the
ADC input to connect directly to the output of the PGA
in the analog block directly above the ADC.

Neglnput is set to ACB00. The negative input is not
used in this project, so this setting is not important. The
negative input is used to measure a differential voltage
instead of assuming the reference voltage is Vss.

NeglnputGain is set to Disconnected. This
disconnects the negative input, but is not used in the
example project.

ClockPhase is set to Normal. It must be set to Normal
if the input comes from an input pin, CT Block, or filter.
It generally must be set to Swapped only when the
inputcomes from a SC block.

PulseWidth is set to 1. This ADCINC User Module has
a built in PWM output. It is not used in this project.

PWM Output is set to None.

The same clock must be connected to both the analog
“‘ADC” and digital “PWM” sections of the ADCINC. The
clock used in this project is VC2. It was connected to the
digital section in the ADCINC'’s parameter window, but the
clock connection to the analog block is a manual operation.
As shown in Figure 12, click on the mux next to the left
most analog column and select “VC2”. Failure to connect
both blocks to the same clock will result in unexpected
results.

Figure 12. Selecting Analog Column Clock

AnalogClock_0 Select
AnalogClock_1_Select

[
B
—_———— Corrpar alor O —

The PGA parameters are next.
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Figure 13. PGA User Module Parameters

Parameters - Piad_1

MHame PGA_1

Uszer M odule PGA

YWerzion 3.2

Gain 1.000

Input AnalogCaolumn_lnputkd =_0
Reference V5SS
EEEEEE Dizable =

m  Gain is set to 1.000. This parameter has several
settings from 0.062 to 48. Feel free to experiment with
different settings after the project is operating as
expected.

®  |nputis set to AnalogColumn_InputMux_0. This mux
can be connected to any of the odd pins on port O
(PO[1], PO[3], PO[5], or PO[7]), simply by clicking on the
mux in the diagram, see Figure 14. By default this will
connect the input of the PGA to pin PO[1]. This can be
changed by clicking on the mux symbol above the PGA
symbol.

Figure 14. Input Mux

rogooitm LWIIVIU)& 0]
Pert_0 1 Pen_0_s -
e

gﬂ @ ACBD1
freat

. ACH!
B
ASI by ASD1
ADCH

| S

=

[Fotas !

Comparatir 1

GAIN
00
GA_1
Galll
c10
ING_1
ADC

m  Reference is set to “VSS”. This parameter selects the
connection point of the PGA reference input.

®  AnalogBus is set to Disable. This allows the user to
route the output to the local analog bus and then down
to the output bufferO.

Figure 14 shows the Pinout window. This window contains
the settings for the GPIO pins. PO[1] by default is set as an
analog input pin “High Z Analog”, so no changes are
required.

Step 6: Generate Application
Figure 15. Pinout Window with GPIO Settings

Pinout - adrinc_demo
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|mitiahdalue 0
PO Port_0_2, StdCPU. High £ Analog, Dizablelr
PO[E] Port_0_3, S5tdCPU. High £ Analog, Disablelr

To generate the configuration files for this project, select
the “Generate Configuration Files” option under the “Build”
menu as shown in Figure 16. This will generate the system
and user module source files.

Figure 16. Generate Configuration Files

ct  Interconmect | Build | Debug Program  Tools  Window  Help

i ﬁ ‘q_‘:u E@ b3 Generate/Build 'ADCING_Demo_ASM' Project F& ]
ema_asm [Chip] Generake/Buid All Projects Shift+F6
o d w4 8 Generate Configuration Files for ‘ADCING_Demo_ASM' Froject  Ctl+F6 |

EMED MAIN. A3 Generake Configuration Files for All Projects

n Z.0 Compile main.asm Chrl+F7

L]

Build 'ADCING_Demo_ASM' Project F7
Rebuild 'ADCINGC_Dema_asM' Project
Clgan ‘ADCIMC _Demno_ASM' Project

ption:
example proj
assemb ly oo

Step 7: Edit Your Application Source

Once all the source files have been generated, you will
initially want to add code to your main.c or main.asm file
depending on which language you selected in Step 1. The
code listing for each language is shown below. Both the C
and Assembly version should operate the same. The
sources for both these applications have been included in
the example projects included with this application note.

Code 1. ADCINC_demo (C Code)

#include <m8c.h>
#include "PSoCAPI.h"

void main (void)
{
unsigned char bADCData;

/* Enable Interrupt for ADC */
M8C_EnableGInt ;

/* Initialize all User Modules */
LCD 1 start();

PGA_1 Start (PGA_1 HIGHPOWER) ;
ADCINC 1 _Start (ADCINC 1 HIGHPOWER) ;

/* Run ADC continuously */
ADCINC 1 GetSamples (0);
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while(l) /* Loop forever */
{
if (ADCINC_ 1 fIsDataAvailable() != 0)
/* If data is valid display on LCD */
{
/* Read ADC Result */
bADCData = ADCINC 1 bGetData () ;

/* Display on LCD */
LCD_1 Position(0,0);
LCD 1 PrHexByte (bADCData) ;

/* Clear ADC flag for next reading */
ADCINC_1 fClearFlag();

Code 2. ADCINC_Demo_ASM (Assembly Code)

include "m8c.inc"
include "memory.inc"
include "PSoCAPI.inc"

export main
_main:
M8C EnableGInt ; Enable interrupts for ADC

; Initialize all User Modules
mov A,ADCINC 1 HIGHPOWER
call ADCINC 1 Start

mov  A,PGA 1 HIGHPOWER

call PGA 1 Start

call LCD 1 Start

; Run ADC continuously
mov A,
call ADCINC_1 GetSamples

Loop: ; Loop forever
; If data is valid display on LCD
call ADCINC_ 1 fIsDataAvailable
jz ProgramStuff

; Position cursor at row 0, col 0 on LCD
mov A,

mov X,

call LCD_ 1 Position

; Get data and display on LCD
call ADCINC 1 bGetData
call LCD_1 PrHexByte

; Clear ADC flag for next reading
call ADCINC 1 fClearFlag

ProgramStuff:
; Put rest of program here

jmp Loop

Step 8: Compile your source code

Once you have added your code, you can compile the
project by selecting the Build Project option in the “Build”
menu as shown in Figure 17.

Figure 17. Build/Compile Project

ik Interconnect | Build | Debug  Program  Tools  wWindow  Help

| Pii ' 1 N
:Eﬂ By ﬁ * Generate/Buld 'ADCING_Demo_ASM' Project F&

fema_asm [Chip] Generate/Build Al Projects shift+F&

rnrrrnrar 4

Generate Configuration Files for "ADCINC_Demo_ASM' Project  Chrl4+F& i

lame: main.ag Generate Configuration Files For All Prajects

m Z.0 B Compile main.asm CHI+ET

Bd Build 'ADCING_Demo_ASM' Project F7
Rebuild ‘BDCING_Dema_ASM' Project
Clean 'ADCING _Demo_aSM' Project

.ption:
example proj
I assembly oo

If you were careful your project should compile without
errors. If you find an error, review the error messages,
modify your source and rebuild your project until your
project compiles without errors.

Step 9: Program the PSoC

Now that your program compiles without errors, it is time to
program your device. Make sure your project board is
powered up and the programmer is attached to the
programming connector. You may use either the Cypress
PSoC MiniProg or MiniProg3 for programming. To start
programming, select the “Program Part” item under the
“Program” menu.

Figure 18. Programming Menu

sbug | Program | Tools  Window  Help

'FI E Program Part. .. Chrl+F10

N

The PSoC programmer dialog should appear as shown in
Figure 19. If your board is self powered, make sure you
select the “Reset” option for Acquire Mode.

W
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Figure 19. PSoC Programmer Dialog

w Program Part il
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When ready, press the blue down arrow at the bottom right
to start programming the device. Once the programmer has
finished programming the device it will reset and start to
execute your program.

Step 10: Program Validation

After programming you should see two hex characters in
the upper left of the LCD. Make sure you have a wire
connecting pin PO[1] to the potentiometer wiper (VR). If the
display looks blank, check the contrast adjustment
potentiometer above the LCD (R6). Use a screwdriver to
adjust it until the characters appear on the display.

Figure 20. Example Hardware

Turn the voltage source potentiometer (R7) back and forth
to see the value on the display go from 00 to FF (within an
error of 2 decimal values).

Code Explanation

Each user module (ADCINC, PGA, LCD) have a set of
function calls or API (Application Programming Interface).
These functions have the same name whether you choose
to use C or Assembly language. Every user module has a
“Start” function that must be called to initialize the module
before it will operate. These start functions are usually
called at the beginning of the program.

/* Initialize all User Modules */
LCD_1_Start();

PGA 1 Start(PGA 1 HIGHPOWER) ;
ADCINC 1 Start (ADCINC 1 HIGHPOWER) ;

Some of user modules require interrupts to operate
properly. Most of the PSoC 1 ADCs including the ADCINC
require interrupts as well. The following function enables
global interrupts.

M8C_EnableGInt ; Enable interrupts for ADC

Once the ADCINC is initialized, the sampling process
needs to be enabled. The function below can be used to
enable between 1 and 255 samples then stop. If you want
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the ADCINC to run continuously, the input parameter is set
to zero, as shown below.

ADCINC_ 1 GetSamples (U);

While the ADCINC is operating, you need to check to see
when a conversion has completed. The function below
returns zero if the conversion is not yet complete and a
non-zero value if the conversion is complete.

ADCINC 1 fIsDataAvailable();

When the conversion is complete, this function is used to
return the result. It returns a single byte but the ADCINC
includes functions that return integer (2-byte) values as well
for ADC resolutions of 9 to 14 bits.

bADCData = ADCINC 1 bGetData () ;

After you read the ADC value, the ready flag needs to be
reset. The following function is used to clear the ready flag
to prepare for the next reading.

/* Clear ADC flag for next reading */
ADCINC 1 fClearFlag();

The two lines below take the ADC result and display it on
the LCD starting at row 0 column 0 in a hex format. The
LCD has many other useful functions as well that are useful
in displaying results or debugging your project.

/* Display on LCD */
LCD 1 Position(0,0);
LCD 1 PrHexByte (bADCData) ;

Summary

So that is it. As you can see, with a few lines of code you
can continuously sample a voltage and display the result on
a LCD. After you have read and understood this example,
you will find that the other PSoC ADCs are just as easy to
use as the ADCINC.

Don’t be afraid to experiment with the Global and ADCINC
parameters to develop a better understanding of their
functionality. This project is a good vehicle to experiment
with the PGA parameters and other LCD functions. The
LCD BarGraph functions are fun to experiment with and
can be used to graphically indicate a voltage or sensor
magnitude.
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