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The following document contains information on Cypress products. The document has the series
name, product name, and ordering part numbering with the prefix “MB”. However, Cypress will
offer these products to new and existing customers with the series name, product nhame, and
ordering part number with the prefix “CY”.

How to Check the Ordering Part Number

1. Goto www.cypress.com/pcn.

2. Enter the keyword (for example, ordering part number) in the SEARCH PCNS field and click
Apply.

3. Click the corresponding title from the search results.

4. Download the Affected Parts List file, which has details of all changes

For More Information
Please contact your local sales office for additional information about Cypress products and
solutions.

About Cypress

Cypress is the leader in advanced embedded system solutions for the world's most innovative
automotive, industrial, smart home appliances, consumer electronics and medical products.
Cypress' microcontrollers, analog ICs, wireless and USB-based connectivity solutions and reliable,
high-performance memories help engineers design differentiated products and get them to market
first. Cypress is committed to providing customers with the best support and development
resources on the planet enabling them to disrupt markets by creating new product categories in
record time. To learn more, go to www.cypress.com.
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16-bit Up/Down Counter counts up or down within the range of 0 to 65535. Specifically, Up/Down Counter running in

the phase difference count mode is suitable for counting the encoder pulse of motors and other equipment.
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1 Introduction

Triggered by an input signal, 16-bit Up/Down Counter counts up or down within the range of 0 to 65535. Specifically,
Up/Down Counter running in the phase difference count mode is suitable for counting the encoder pulse of motors
and other equipment. When encoder's output signals of phase A, phase B and phase Z are applied, the counter can
achieve precise counting of rotation angles or number of revolutions.

1.1 Key Features
m  Two 16bit or four 8bit counter

m  Four types of count Mode: Timer mode, Up/Down count mode, Phase difference count mode (Multiply by 2) and
Phase difference count mode (Multiply by 4).

m  Count source can be either Peripheral clock (CLKP) or External trigger
®  Counting rage is from 0 to 65535

®m  [nterrupt can be selected out of four type i.e. Counter Match, under flow, over flow and Count direction change.
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2 UP / DOWN Counter

The basic functionality of up/down counter is explained

21 Block Diagrams
Figure 1 shows the internal block diagram of an Up/down counter.
Figure 1. Up/Down counter Block Diagram
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2.2 Registers
2.2.1 Counter Control Register (UDCCn)
This register is used to control behaviors of Up/Down Counter.
Table 1. UDCCn
Bit No. Name Explanation Value Operation
0 8 bit x 2 channel operation mode
15 M16E Enable 16 bit mode
1 16 bit x 1 channel operation mode
0 Read: No direction change occurred
Write: Clear the flag
14 CDCF Direction change detection
1 Read: Direction change occurred
Write: No effect
0 Disable direction change interrupt requests
13 CFIE Direction change interrupt request
1 Enable direction change interrupt requests
0 CLKP /2
12 CLKS Internal clock frequency
1 CLKP /8
00 Timer mode (Countdown)
01 Up/down count mode
11-10 gmgé Counter mode
10 Phase difference count mode (Multiply by 2)
11 Phase difference count mode (Multiply by 4)
00 Disable edge detection
01 Detect a falling edge
9-8 (E:ggl’c Edge selection
10 Detect a rising edge
11 Detect both rising and falling edges
7 - Reserved - Write “0”. Read value is the value written
6 CTUT Counter write 0 No impact on operation
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Bit No. Name Explanation Value Operation
1 Transfer data from the RCR register to UDCR.
0 Disable counter clear due to compare-match.
5) UCRE Enable compare-match clear
1 Enable counter clear due to compare-match
0 Disable reload function
4 RLDE Enable reload
1 Enable reload function
0 Set (Clear) Up/Down Counter (UDCR) to
“0000H”
3 UDCLR Clear UDCR :
1 No impact on operation
0 Counter clear function
2 CGSC Select counter clear/gate
1 Gate function
CGSC=“0" CGSC=*1"
Disable edge ] .
corLc 00 detection Disable level detection
-0 GEO Reie sl eyl e e 01 Detect a falling edge Detect a “L” level
10 Detect a rising edge Detect a “H” level
11 Disable setting Disable setting
n=1to4
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2.2.2 Count Status Register (UDCSn)
This register is used to control Up/Down Counter and to indicate the status of the counter

Table 2. UDCSn

Bit No. Name Explanation Value Operation
0 Disable count operation
7 CSTR Enable count operation
1 Enable count operation
6 e Enable compare-match interrupt 0 Disable compare-match interrupt requests
(RS 1 Enable compare-match interrupt requests
0 Disable overflow/underflow interrupt requests.
5) UDIE Overflow/underflow interrupt request
1 Enable overflow/underflow interrupt requests
0 Read: Comparison results do not match
Write: Clear the flag
4 CMPF Compare-match detection flag -
1 Read: Comparison results match
Write: No effect
0 Read: No overflow
Write: Clear the flag
3 OVFF Overflow detection flag
1 Read: An overflow has occurred
Write: No effect
0 Read: No overflow
Write: Clear the flag
2 UDFF Underflow detection flag
1 Read: An underflow has occurred
Write: No effect
00 No input
_ 01 Count Down
1-0 BBE% Up/down flag
10 Count Up
11 Both of Count up and Count Down
n=1to4

2.2.3 Up/Down Counter Register
This register is used to read the count value of Up/Down Counter.

m 16 Bit Mode (M16E=“1")
In the 16 bit mode, UDCR10 and UDCR32 register functions as 16-bit up/down counter register

= 8 Bit Mode (M16E= “0")
In the 16 bit mode, UDCRO, UDCR1, UDCR2 and UDCRS3 register functions as 8bit up/down counter register

2.2.4 Up/Down Reload/Compare Register

This register is used to reload a value to Up/Down Counter and to compare the register value with the Counter value.
This register is also used to write to Up/Down Counter.

m 16 Bit Mode (M16E=“1")
In the 16 bit mode, UDRC10 and UDRC32 register functions as 16-bit reload/compare register

= 8 Bit Mode (M16E= “0")
In the 16 bit mode, UDRCO, UDRC1, UDRC2 and UDRCS3 register functions as 8bit reload/compare register
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2.2.5

2.3.2

Port function register (DDRn. PFRn, EPFRnN)

To enable AIN, BIN and ZIN pin as a Input one should set corresponding DDRn, PFRn and EPFRn register. For more
information please refer data sheet of respective device.

PFM Counter Operation
This section describes each operation mode for Up/Down Counter

Timer Mode

After counter initialization and triggered by software, it start counting down. When under flow occurs, reload value is
loaded in Up/down counter and it starts counting down again. Interrupt is generated at underflow if enabled by
software.

Figure 2. Timer Mode

Reload value

Reload value
CLKP divided by 2
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Figure 3.Up/down count mode — ZIN -> Clear Control
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After initialization, when pulse input to the AIN pin is detected, Up/Down Counter counts up. The count direction
change flag is set to “1”.

When an edge is applied to the ZIN pin, Up/Down Counter is cleared.

When the Up/Down Counter's count value matches with the compare value (compare-match) than the compare-
match flag is set to “1” and counter is cleared

When pulse input to the AIN pin stops, Up/Down Counter stops counting

When pulse input to the BIN pin is detected, Up/Down Counter counts down and count direction change flag is set to
“qn

When Up/Down Counter is under flowed than the underflow flag is set to “1”. The underflow causes the reload value
to be reloaded to Up/Down Counter.
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2.3.3 Up/Down Count Mode — ZIN -> Gate Control

Figure 4. Up/down count mode — ZIN -> Gate Control
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Here counting will not start unless and until ZIN input is enabled.

When ZIN is enabled counter starts counting up when pulses are applied at AIN input and Counter counts down
when a pulse input to the BIN pin is detected.

Up/Down Counter stops counting when pulse input to the AIN or BIN pin stops and ZIN input is still enabled.

WWW.Cypress.com Document No. 002-05315 Rev. *B
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2.3.4 Phase Difference Count Mode (Multiply by 2)

On the rising and falling edges at the BIN count pin, Up/Down Counter counts up or down, depending on the voltage
level at the AIN pin.

Figure 5. Phase Difference Count Mode (Multiply by 2)
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Counter counts up when the ‘H ’'voltage level at the AIN pin detected, on the rising edge at the BIN and after that
when the ‘L’ voltage level at the AIN pin detected, on the falling edge at the BIN pin.
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Counter counts up down when the ‘L’ voltage level at the AIN pin detected, on the rising edge at the BIN pin and after
that when the ‘H’ voltage level at the AIN pin detected, on the falling edge at the BIN pin.

When this count mode is selected, selection of the edge to be detected using UDCCn: CES1 or UDCCn: CESO is
disabled.
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2.3.5 Phase Difference Count Mode (Multiply by 4)

Figure 6. Phase Difference Count Mode (Multiply by 4)
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On the rising and falling edges at the BIN pin, Up/Down Counter counts up or down, depending on the voltage level
at the AIN pin, and on the rising and falling edges at the AIN pin, Up/Down Counter counts up or down, depending on
the voltage level at the BIN pin.

Counter counts up...

1. When the ‘H’ voltage level at the AIN pin detected, on the rising edge at the BIN pin
2. When the ‘L’ voltage level at the AIN pin detected, on the falling edge at the BIN pin
3. When the ‘L’ voltage level at the BIN pin detected, on the rising edge at the AIN pin
4. When the ‘H’ voltage level at the BIN pin detected on the falling edge at the AIN pin
Counter counts down...

1. When ‘L’ voltage level at the AIN pin detected on the rising edge at the BIN pin

2. When the ‘H’ voltage level at the AIN pin detected on the falling edge at the BIN pin
3. When the ‘H’ voltage level at the BIN pin detected, on the rising edge at the AIN

4. When the ‘L’ voltage level at the BIN pin detected, on the falling edge at the AIN pin

When Up/Down Counter is used to count encoder output, high precise counting of rotation angles and number of
revolutions, as well as detecting of rotation directions, can be achieved by applying encoder output signals of phase A
and phase B to the AIN and BIN, respectively.

Note that when this count mode is selected, selection of the edge to be detected using UDCCn: CES1 or UDCCn:
CESO is disabled.

WWW.Cypress.com Document No. 002-05315 Rev. *B 8
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2.3.6

Clear Timing
When a clear request (Compare-match, ZIN edge detection and writing “0” to the clear bit UDCCn: UDCLR) is made,
clear is performed next time when Up/Down Counter counts up.

Even if a clear request (Compare-match, ZIN edge detection and writing “0” to the clear bit UDCCn: UDCLR) is
made, clear is not performed when UP/Down Counter counts neither up nor down.

If Up/Down Counter does not count up after a clear request (Compare-match, ZIN edge detection and writing “0” to
the clear bit UDCCn: UDCLR) is made, the counter is cleared when counting is disabled (UDCSn: CSTR=“0").

When Up/Down Counter exceeds the maximum count, the overflow flag is set to “1” and the counter value is returned
to “0000”.

Reload Timing

The next time when Up/Down Counter counts down below “0000”, an underflow occurs (an interrupt request is
generated) and then reloading is performed. If clear and reload operations occur at the same time, clear takes
precedence.

Writing a Value to Counter

1. Counting of Up/Down Counter is disabled UDCCn: CSTR = “0”

2. Avalue is written to UDRC

3. “1”is written to the count write bit UDCCn: CTUT

4. Avalue is transferred from the reload/compare register UDCR to Up/Down Counter

WWW.Cypress.com Document No. 002-05315 Rev. *B 9
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3 Software Example

Example for Up / Down Counter

3.1 Basic setting of the up / down counter
The following example shows how to set up the up / down counter.

}

{
if

}

{

/* SAMPLE CODE */
/% main.c =/
/* ___________________________________________________________________________ */
void Up Down Counter(O init (char val CMS, char val CGSC)
{

DDR20_DO = 0;

PFR20 DO = 1; // AIN input

DDR20_D1 = 0;

PFR20 D1 = 1;

EPFR20 D1 = 1; // BIN input

DDR20 D2 = 0;

PFR20 D2 = 1;

EPFR20 D2 = 1; // ZIN input

UDCCO_CLKS = 1; // internal clock frequency F clkp/8
UDCCO_M16E = 0; // 8/16 bits

UDCCO _CMS = val CMS; // timer mode (countdown)

UDRCO = OxFF; // reload value

UDCCO _RLDE = 1; //Enable reload function
UDCCO_UCRE = 1; //Enable counter clear due to compare-match
UDCCO _CES = 2; //Detect a rising edge
UDCCO_CGE = 2; //Select counter clear/gate edge - Detect a rising
//edge
UDCCO_CTUT = 1; //Transfer data from the RCR register to UDCR
UDCSO_UDIE = 1; // enable over/underflow request
UDCCO_CFIE = 1; // Enable direction change interrupt requests
UDCSO _CITE = 1; // Enable compare-match interrupt requests.

UDCCO0_CGSC = val CGSC; //set CGSC 0: Clear count 1: Gate Function
UDCCO_CDCF = 0; // clear the direction flag

UDCSO_UDFF = 0; // clear underflow flag

UDCSO_OVFF = 0; // clear overflow flag

void Up Down Counter(O activate (char activate)

(activate) UDCSO0 CSTR = 1; // Start counting

else UDCSO CSTR = 0;

void main (void)

_ ET(); //enable interrupts
__set 11(31); //allow all levels
InitIrglLevels () ; //init interrupts
PORTEN = 0x3; //enable I/0 Ports

Up_Down CounterO init (0, 0); // Timer Mode, ZIN - > Clear Control

// Up_Down CounterO init (0, 1); // Timer Mode, ZIN - > Gate Control

// Up_Down CounterO init (1, 0); // UP/Down Count, ZIN - > Clear Control
// Up_Down CounterO init (1, 1); // UP/Down Count, ZIN - > Gate Control

Www.Ccypress.com
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// Up Down CounterO init (2, 0); // Phase Difference Count Mode (Multiply
// by 2) ZIN - > Clear Control
// Up_Down CounterO init (2, 1); // Phase Difference Count Mode (Multiply
// by 2) ZIN - > Gate Control
// Up Down CounterO init (3, 0); // Phase Difference Count Mode (Multiply
// by 4) ZIN - > Clear Control
// Up_Down CounterO init (3, 1); // Phase Difference Count Mode (Multiply
// by 4) ZIN - > Gate Control
Up Down Counter0 activate (1);
while (1) // endless loop
{
HWWD CL = 0;
}
}
__interrupt void UDCounterOIRQHandler (void)
{
if (UDCSO_UDFF)
{
/* DO some thing */
UDCS0_UDFF = 0;
}
if (UDCSO_OVFF)
{
/* DO some thing */
UDCSO_OVFF = 0;
}
if (UDCS O_CMPF)
{
/* DO some thing */
UDCS0_CMPF = 0;
}
if (UDCCO_CDCF)
{
/* DO some thing */
UDCCO_CDCF = 0;

/% SAMPLE CODE */
/* vector.c */
/* _______________________________________________________________________ */

void InitIrqgLevels (void)

{

ICR56 = 30; /* Up/Down Counter 0 &Y

}
__interrupt void UDCounterOIRQHandler (void);

#pragma intvect UDCounterOIRQHandler 128 /* Up/Down Counter 0 =Y

WWW.Cypress.com Document No. 002-05315 Rev. *B 11
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4 Additional Information

Information about Cypress Microcontrollers can be found on the following Internet page:
http://www.cypress.com/cypress-microcontrollers

The software examples related to this application note is:

91460_UpDownCounter

It can be found on the following Internet page:

http://www.cypress.com/cypress-mcu-product-softwareexamples
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