
 
The following document contains information on Cypress products. 



 

 

 

 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Colophon 

The products described in this document are designed, developed and manufactured as contemplated for general use, 

including without limitation, ordinary industrial use, general office use, personal use, and household use, but are not 

designed, developed and manufactured as contemplated (1) for any use that includes fatal risks or dangers that, unless 

extremely high safety is secured, could have a serious effect to the public, and could lead directly to death, personal injury, 

severe physical damage or other loss (i.e., nuclear reaction control in nuclear facility, aircraft flight control, air traffic control, 

mass transport control, medical life support system, missile launch control in weapon system), or (2) for any use where 

chance of failure is intolerable (i.e., submersible repeater and artificial satellite). Please note that Spansion will not be liable 

to you and/or any third party for any claims or damages arising in connection with above-mentioned uses of the products. 

Any semiconductor devices have an inherent chance of failure. You must protect against injury, damage or loss from such 

failures by incorporating safety design measures into your facility and equipment such as redundancy, fire protection, and 

prevention of over-current levels and other abnormal operating conditions. If any products described in this document 

represent goods or technologies subject to certain restrictions on export under the Foreign Exchange and Foreign Trade Law 

of Japan, the US Export Administration Regulations or the applicable laws of any other country, the prior authorization by the 

respective government entity will be required for export of those products. 

Trademarks and Notice 

The contents of this document are subject to change without notice. This document may contain information on a Spansion 

product under development by Spansion. Spansion reserves the right to change or discontinue work on any product without 

notice. The information in this document is provided as is without warranty or guarantee of any kind as to its accuracy, 

completeness, operability, fitness for particular purpose, merchantability, non-infringement of third-party rights, or any other 

warranty, express, implied, or statutory. Spansion assumes no liability for any damages of any kind arising out of the use of 

the information in this document.  

Copyright © 2013 Spansion Inc. All rights reserved. Spansion
®
, the Spansion logo, MirrorBit

®
, MirrorBit

®
 Eclipse

TM
, 

ORNAND
TM

 and combinations thereof, are trademarks and registered trademarks of Spansion LLC in the United States and 

other countries. Other names used are for informational purposes only and may be trademarks of their respective owners. 



Fujitsu Microelectronics Europe 
 

MCU-AN-390038-E-V11 

Application Note 

MB90560 - 

Operation of Waveform Generator  
© Fujitsu Microelectronic Europe GmbH, Microcontroller Application Group 

History 
18th Nov. 99 MSt V1.0 New version 
01th Mar. 00 MSt V1.1 Detailed Explanation of STOP bit added 

Introduction 
 
The Waveform Generator of MB90560 series  generate various waveforms, such as dead-time, GATE- 
and Timing mode. 
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Warranty and Disclaimer 

To the maximum extent permitted by applicable law, Fujitsu Mikroelektronik GmbH restricts its 
warranties and its liability for all products delivered free of charge (eg. software include or header 
files, application examples, target boards, evaluation boards, engineering samples of IC’s etc.), its 
performance and any consequential damages, on the use of the Product in accordance with (i) the terms 
of the License Agreement and the Sale and Purchase Agreement under which agreements the Product 
has been delivered, (ii) the technical descriptions and (iii) all accompanying written materials. In 
addition, to the maximum extent permitted by applicable law, Fujitsu Mikroelektronik GmbH disclaims 
all warranties and liabilities for the performance of the Product and any consequential damages in cases 
of unauthorised decompiling and/or reverse engineering and/or disassembling. Note, all these 
products are intended and must only be used in an evaluation laboratory environment.

1. Fujitsu Mikroelektronik GmbH warrants that the Product will perform substantially in 
accordance with the accompanying written materials for a period of 90 days form the date of 
receipt by the customer. Concerning the hardware components of the Product, Fujitsu 
Mikroelektronik GmbH warrants that the Product will be free from defects in material and 
workmanship under use and service as specified in the accompanying written materials for a 
duration of 1 year from the date of receipt by the customer. 

 
2. Should a Product turn out to be defect, Fujitsu Mikroelektronik GmbH´s entire liability and 

the customer´s exclusive remedy shall be, at Fujitsu Mikroelektronik GmbH´s sole discretion, 
either return of the purchase price and the license fee, or replacement of the Product or parts 
thereof, if the Product is returned to Fujitsu Mikroelektronik GmbH in original packing and 
without further defects resulting from the customer´s use or the transport. However, this 
warranty is excluded if the defect has resulted from an accident not attributable to Fujitsu 
Mikroelektronik GmbH, or abuse or misapplication attributable to the customer or any other 
third party not relating to Fujitsu Mikroelektronik GmbH. 

 
3. To the maximum extent permitted by applicable law Fujitsu Mikroelektronik GmbH disclaims 

all other warranties, whether expressed or implied, in particular, but not limited to, warranties 
of merchantability and fitness for a particular purpose for which the Product is not designated. 

 
4. To the maximum extent permitted by applicable law, Fujitsu Mikroelektronik GmbH´s and its 

suppliers´ liability is restricted to intention and gross negligence. 
 

NO LIABILITY FOR CONSEQUENTIAL DAMAGES 
 

To the maximum extent permitted by applicable law, in no event shall Fujitsu 
Mikroelektronik GmbH and its suppliers be liable for any damages whatsoever 
(including but without limitation, consequential and/or indirect damages for personal 
injury, assets of substantial value, loss of profits, interruption of business operation, loss 
of information, or any other monetary or pecuniary loss) arising from the use of the 
Product. 

 
Should one of the above stipulations be or become invalid and/or unenforceable, the remaining 
stipulations shall stay in full effect. 
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1 Waveform Generator 
 

1.1 Register of Waveform Generator 
 
The register of Waveform Generator are 3x 8-bit reload register, 3x 8 bit timer control 
register and 1 Waveform control register.  
 

1.1.1 8-bit reload register(TMRR0/1/2) 
 
The 8-bit reload registers are used to store the comparison value. The registers are  
reloaded when the 8-bit timer is started to operate. 
In dead-time mode, these registers set the non-overlap time. 
In timer mode, these registers are used to set the GATE time for PPG operation. 
One register belongs to two OCU outputs (RTx). For example, TMRR0 to RT0/1. 
 

1.1.2 8-bit timer control register (DTCR0/1/2) 
 
The 8-bit timer control register are used to control the operation mode, interrupt 
request enable, interrupt request flag, PPG output enable, GATE signal enable and 
output level polarity the waveform generator. 
With one register the settings of two RTs are chosen. 
 
Bit10 Bit9 Bit8  

TMD2 TMD1 TMD0 Operation mode bit 
0 0 0 Waveform generator is stopped 
0 0 1 PPG timer output pulse while RT signals is ‘H’. 
0 1 0 The rising edge of each RT signal will trigger 8 bit timer to start. 

PPG will run until the 8bit timer stopped( timer mode) 
1 0 0 Generate non-overlapped signal by RT signal ( dead-time timer 

mode) 
1 1 1 RT signal acts as Gate signal for PPG timers. PPG generates non 

overlapped signals. (Dead-time timer mode) 

Table 1: Note: Operation mode can only be chosen, if PPG in 16-bit mode 

 
Bit11  
TMIE Interrupt request enable 

0 Disable interrupt when the 8-bit timer underflow 
1 Enable interrupt when the 8-bit timer underflow 

Bit12 Interrupt request flag 
TMIF Read Write 

0 No counter underflow detected Clear this bit 
1 Counter underflow detected No effect 

Bit13  
PGEN PPG output enable bit 

0 Disable PPG output  
1 Enable PPG out 



MB90560 – Operation of Waveform Generator 
 

MCU-AN-390038-E-V11 - 6 - © Fujitsu Microelectronics Europe GmbH 

Bit14  
GTEN GATE signal enable bit 

0 Disable GATE signal output (Asynchronous mode) 
1 Enable GATE signal output (Synchronous mode) 

Bit15  
DMOD Output polarity control bit 

0 Positive level output 
1 Negative level output 

1.1.3 Waveform Control Register (SIGCR) 
 

In the Waveform Control Register the clock frequency, Noise cancelling function 
selection, DTTI input polarity , DTTI input enable and output selection (RTO,PPG) 
can be chosen 
 

Bit1 Bit0 PPG0-5 output through RTO0-5 table 
PGS1 PGS0 

Operation 
mode RTO0 RTO1 RTO2 RTO3 RTO4 RTO5 

0 0 8-bit x 6 ch. PPG0 PPG1 PPG2 PPG3 PPG4 PPG5 
0 1 8-bit x 3 ch. PPG1 PPG1 PPG3 PPG3 PPG5 PPG5 
1 0 8-bit x 2 ch. PPG1 PPG3 PPG1 PPG3 PPG1 PPG3 
1 1 8-bit x 1 ch. PPG1 PPG1 PPG1 PPG1 PPG1 PPG1 

Bit4 Bit3 Bit2 (16MHz clock cycle) 
DCK2 DCK1 DCK0 Operation clock selection bit 

0 0 0 62.5 ns  
0 0 1 125 ns  
0 1 0 250 ns  
0 1 1 500 ns  
1 0 0 1 us  
1 0 1 2 us 
1 1 0 4 us 
1 1 1 Prohibited 

Bit5  
NRSL Noise cancelling function selection bit 

0 DTTI input is not go thru the noise cancelling circuit 
1 DTTI input go thru the noise cancelling circuit 

Bit6  
DTIL DTTI input polarity selection bit 

0 ‘0’ input 
1 ‘1’ input 
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Bit7  
DTIE DTTI input enable bit 

0 Disable DTTI input 
1 Enable DTTI input 
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2 Operation Modes 
 

2.1 Dead-Timer mode with output compare units 
 
The dead-time control circuit will input the real-time output (RT1/3/5) and the 
selected PPG timer pulse output , and output an non-overlap signals ( inverted signals) 
to external pins. 
 

2.1.1 Settings 
 
In this mode initialise: 
 
- 16-bit Free-run timer 
- Output compare unit 
- Waveform Generator 
 
Note: Only the necessary setting will be exclaimed. Standard settings, like internal or 
external clock is not described. 
 

2.1.2 16-bit Free-run timer 
 

Settings in Timer Control Register (TCCS): 
 
Clock frequency must be set (CLK2-0) 
Clear counter SCLR=1 
Enable Counter STOP=1 
 
Note: STOP bit should be set to ‘1’ (enable) when everything else is set, because 
counter start immediately after setting STOP-bit to ‘1’. 
 
It is possible to decrease counting by a “compare clear”. The counter will be set to 0 
when value in compare clear register (CPCLR) has matched.  
Therefore the clear value is written in compare clear register CPCLR. In Timer 
Control Register the Compare clear interrupt ICLR=1 is enabled. 
 

2.1.3 Output Compare Units 
 
In dead-timer mode only the OCU1/3/5 are used. 
In Compare Register the comparison value must be written. 
In Compare control register OCSx the CMOD bit is set to ‘1’, to get the inverse 
signal. 
Compare operation CSTx=1 and output bit OTEx=1 must be enabled. 
Even only the RT1/3/5 are used to create dead- time mode. Output of RT0/2/4 have to 
be enabled. Because the output level are needed from the Waveform Generator.  
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2.1.4 Waveform Generator 
 
The 8-bit reload register must be set (TMRRx). 
 
In Timer Control register (DTCRx) the GATE and PPG output must be disabled. 
(GTEN=0; PGEN=0). 
With bit 15 DMOD positive or negative level output can be chosen. The operation 
mode Bit8-10 TMD0-2 must be set to 4. (Generate non-overlap signal by RT-signal.) 
TMD2=1;TMD1=0;TMD0=0; 
 
In Waveform Control register the bits 7 to 5 can stay at initial values. Choose clock 
frequency by setting bit4 to 2 (DCK2-0). 
Bit1 and bit 0 (PGS1, PGS0) can stay at initial values. 
 

Making non-overlap signal by using RT1/3/5 (positive pulse) 
 

Pin name Output signal 
U Signal with is applied at RT1 rising edge 
V Signal with is applied at RT3 rising edge 
W Signal with is applied at RT5 rising edge 
X Signal with is applied at RT1 falling edge 
Y Signal with is applied at RT3 falling edge 
Z Signal with is applied at RT5 falling edge 

Count 
value 

RT1 

U

X

One machine cycle

TMMR set value
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Description: 
 
Rising edge of the RT signal: 
The 8-bit timer starts to count up. With a delay of one machine cycle the inverted 
output port (X) chance level to ‘low’.  
When counter reach setting value the output pin U change level to ‘High’ with a delay 
of one machine clock cycle. 
 
Falling edge of  RT : 
The 8-bit counter starts to count up the values. 
With a delay-time of one machine clock cycle, the U signal change level to ‘Low”. 
When counter reached compare value, the inverse signal X change level to ‘High’.  
(with a delay-time of one machine cycle) 
 
If the RT pulse width is smaller than the set non-overlap time, the 8-bit timer will 
restart counting from 00hex at the next RT’s edge. 
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2.2 Dead-Timer mode using PPG  
 
It is possible to create a non-overlap signal by using the PPG. 
The signals depend on rising and falling edges of PPG output signal 
 

2.2.1 Settings 
 
In this mode initialise: 
 
- 16-bit free-run timer 
- Output compare units 
- PPG’s 
- Waveform Generator 
 

2.2.2 16-bit Free-run timer 
 
Settings in Timer Control Register (TCCS): 
 
Clock frequency must be set (CLK2-0) 
Clear counter SCLR=1 
Enable Counter STOP=1 
 
Note: STOP bit should be set to ‘1’ (enable) when everything else is set, because 
counter start immediately after setting STOP-bit to ‘1’. 
 
In this mode the 16-bit Free-run Timer is used to enable the OCU outport. 
 

2.2.3 Output Compare Units 
 
The output of the OCU’s must be enabled, because they generate the output signals 
RTO0-5. Although only the PPG1/3/5 could be used in this mode, two OCU have to 
be initialised for each PPG. For example: Using PPG1, outputs of OCU0 and 1  must 
be enabled.   
A compare value is not necessary. 
 
Register settings: 
 
Compare control register OCSx: 
Bit12: CMOD=0; 
Bit11: OTE1=1;     
Bit10: OTE0=1; 
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2.2.4 PPG’s 
 
The PPG must be initialise, because the outputs RTOx depends on PPG-signal. 
 
In PPG Reload Register (PRLH0-5, PRLL0-5) the reload values of the down counter 
are stored. In upper register PRLH0-5 ‘High’ pulse width and in lower register 
PRLL0-5 ‘Low’ pulse width is written (positive pulse). 
 
PPG Control Register PPGC0-5: 
 
Bit15: PEN1=1; start operation for PPG1/3/5, writing ‘0’ to this bit will stop PPG 
Bit14: SST1=0; PPG1/3/5 will operated when PEN1=1 
Bit13: POE1=1; PPG output port for PPG1/3/5  
Bit12: PIE1=0; Disable Interrupt request  
Bit11: PUF1=0; clear interrupt request flag 
Bit10-9: MOD1-0=0; 8-bit PPG, 2ch. independent mode 
Bit8: reserved, when setting PPG, set ‘1’ to this bit 
Bit7: PEN0=1; start operation for PPG0/2/4, writing ‘0’ to this bit will stop PPG 
Bit6: SST0=0; PPG1/3/5 will operated when PEN0=1 
Bit5: POE0=1; PPG output port for PPG0/2/4  
Bit4: PIE0=0; Disable Interrupt request  
Bit3: PUF0=0; clear interrupt request flag 
Bit2: POS1=0; select pulse polarity  PPG1/3/5(‘0’:positive , ‘1’: negative) 
Bit2: POS0=0; select pulse polarity PPG0/2/4(‘0’:positive , ‘1’: negative) 
Bit0: reserved, when setting PPG, set ‘1’ to this bit 
 
PPG Clock Control register PCS01/23/45: 
 
The 8-bit PPG Clock Control Register are used to control the operation clock 
frequency for PPG0-5.In one register are clock settings of two PPG’s. 
Bit7-5: PC12-PC10 setting of operation clock for PPG1/3/5 
Bit4-2: PC02-PC00 setting of operation clock for PPG0/2/4 
Bit1, bit0 are not used 
 

PC02 PC01 PC00 Operation clock for ch0/2/4 
0 0 0 φ (62.5 ns φ = 16 MHz) 
0 0 1 φ /2 (125 ns φ = 16 MHz) 
0 1 0 φ /4 (50 ns φ = 16 MHz) 
0 1 1 φ /8 (500 ns φ = 16 MHz) 
1 0 0 φ /16 (1 µs φ = 16 MHz) 
1 0 1 φ /32 (2 µs φ = 16 MHz) 
1 1 0 φ /64 (4 µs φ = 16 MHz) 
1 1 1 Input clock from timebase trimmer 
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PC12 PC11 PC10 Operation clock for ch1/3/5 

0 0 0 φ (62.5 ns φ = 16 MHz) 
0 0 1 φ /2 (125 ns φ = 16 MHz) 
0 1 0 φ /4 (50 ns φ = 16 MHz) 
0 1 1 φ /8 (500 ns φ = 16 MHz) 
1 0 0 φ /16 (1 µs φ = 16 MHz) 
1 0 1 φ /32 (2 µs φ = 16 MHz) 
1 1 0 φ /64 (4 µs φ = 16 MHz) 
1 1 1 Input clock from timebase trimmer 

2.2.5 Waveform Generator 
 
The 8-bit reload register must be set (TMRRx). 
 
In Timer Control register (DTCRx) the GATE and PPG output must be enabled. 
(GTEN=1; PGEN=1). 
With bit 15 DMOD positive or negative level output can be chosen. The operation 
mode Bit8-10 TMD0-2 must be set to ‘7’. (Generate non-overlap signal by PPG-
signal.) 
TMD2=1;TMD1=1;TMD0=1; 
 
In Waveform Control register the bits 7 to 5 can stay at initial values. Choose clock 
frequency by setting bit4 to 2 (DCK2-0). 
Bit1 and bit 0 (PGS1, PGS0) can stay at initial values. 
 

Making non-overlap signal by using PPG1/3/5 (positive pulse) 
 

Count 
value 

PPG1 

U

X

One machine cycle

TMMR set value
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Pin name Output signal 
U Signal with is applied at PPG1 rising edge 
V Signal with is applied at PPG3 rising edge 
W Signal with is applied at PPG5 rising edge 
X Signal with is applied at PPG1 falling edge 
Y Signal with is applied at PPG3 falling edge 
Z Signal with is applied at PPG5 falling edge 

Description: 
 
Rising edge of the PPG signal: 
The 8-bit timer starts to count up. With a delay of one machine cycle the inverted 
output port (X) chance level to ‘low’.  
When counter reach setting value the output pin U change level to ‘High’ with a delay 
of one machine clock cycle. 
 
Falling edge of  PPG : 
The 8-bit counter starts to count up the values. 
With a delay-time of one machine clock cycle, the U signal change level to ‘Low”. 
When counter reached compare value, the inverse signal X change level to ‘High’. ( 
of course with an delay-time of one machine cycle) 
 
If the PPG pulse width is smaller than the set non-overlap time, the 8-bit timer will 
restart counting from 00hex at the next edge of PPG. 
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3 Operation of PPG Output and GATE signal control circuit 
 

It is possible to gate the PPG output. Two methods are available. 
 
- using High-level of RT to gate PPG 
- using 8-bit timer to gate PPG 
 

3.1 Gate PPG with a “High’ level of RT  
 

While a High level of RT the PPG signal will be outputted to RTO pin. 
RT0 will gate PPG0, RT1 gates PPG1,… 
 

3.1.1 Settings 
 
In this mode initialise: 
 
- 16-bit free-run timer 
- Output compare units 
- PPG’s 
- Waveform Generator 
 
3.1.2 16-bit Free-run timer 
 
Settings in Timer Control Register (TCCS): 
 
Clock frequency must be set (CLK2-0) 
Clear counter SCLR=1 
Enable Counter STOP=1 
 
Note: STOP bit should be set to ‘1’ (enable) when everything else is set, because 
counter start immediately after setting STOP-bit to ‘1’. 
 
It is possible to decrease counting by a compare clear. The counter will be set to 0 
when value in compare clear register (CPCLR) has matched.  
Therefore the clear value is written in compare clear register CPCLR. In Timer 
Control Register the Compare clear interrupt ICLR=1 is enabled. 
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3.1.3 Output Compare Units 
 

The compare value must be written into Compare Registers OCCP0-5. 
 

Register settings: 
 
Compare control register OCSx: 
Bit12: CMOD=0; 
Bit11: OTE1=1;     
Bit10: OTE0=1; 
 

3.1.4 PPG’s 
 

In PPG Reload Register (PRLH0-5, PRLL0-5) the reload values of the down counter 
are stored. In upper register PRLH0-5 ‘High’ pulse width and in lower register 
PRLL0-5 ‘Low’ pulse width is written (positive pulse). 
 

PPG Control Register PPGC0-5: 
 
Bit15: PEN1=1; start operation for PPG1/3/5, writing ‘0’ to this bit will stop PPG 
Bit14: SST1=1; PPG1/3/5 will operated when GATE=’H’ 
Bit13: POE1=1; PPG output port for PPG1/3/5  
Bit12: PIE1=0; Disable Interrupt request  
Bit11: PUF1=0; clear interrupt request flag 
Bit10-9: MOD1-0=0; 8-bit PPG, 2ch. independent mode 
Bit8: reserved, when setting PPG, set ‘1’ to this bit 
Bit7: PEN0=1; start operation for PPG0/2/4, writing ‘0’ to this bit will stop PPG 
Bit6: SST0=1; PPG0/2/4 will operated when GATE=’H’ 
Bit5: POE0=1; PPG output port for PPG0/2/4  
Bit4: PIE0=0; Disable Interrupt request  
Bit3: PUF0=0; clear interrupt request flag 
Bit2: POS1=0; select pulse polarity  PPG1/3/5(‘0’:positive , ‘1’: negative) 
Bit2: POS0=0; select pulse polarity PPG0/2/4(‘0’:positive , ‘1’: negative) 
Bit0: reserved, when setting PPG, set ‘1’ to this bit 
 
PPG Clock Control register PCS01/23/45: 
 
The 8-bit PPG Clock Control Register are used to control the operation clock 
frequency for PPG0-5.In one register are clock settings of two PPG’s. 
Bit7-5: PC12-PC10 setting of operation clock for PPG1/3/5 
Bit4-2: PC02-PC00 setting of operation clock for PPG0/2/4 
Bit1, bit0 are not used 
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PC02 PC01 PC00 Operation clock for ch0/2/4 
0 0 0 φ (62.5 ns φ = 16 MHz) 
0 0 1 φ /2 (125 ns φ = 16 MHz) 
0 1 0 φ /4 (50 ns φ = 16 MHz) 
0 1 1 φ /8 (500 ns φ = 16 MHz) 
1 0 0 φ /16 (1 µs φ = 16 MHz) 
1 0 1 φ /32 (2 µs φ = 16 MHz) 
1 1 0 φ /64 (4 µs φ = 16 MHz) 
1 1 1 Input clock from timebase trimmer 

PC12 PC11 PC10 Operation clock for ch1/3/5 
0 0 0 φ (62.5 ns φ = 16 MHz) 
0 0 1 φ /2 (125 ns φ = 16 MHz) 
0 1 0 φ /4 (50 ns φ = 16 MHz) 
0 1 1 φ /8 (500 ns φ = 16 MHz) 
1 0 0 φ /16 (1 µs φ = 16 MHz) 
1 0 1 φ /32 (2 µs φ = 16 MHz) 
1 1 0 φ /64 (4 µs φ = 16 MHz) 
1 1 1 Input clock from timebase trimmer 

3.1.5 Waveform Generator 
 
The 8-bit reload register must be set (TMRRx). 
 
In Timer Control register (DTCRx) the GATE and PPG output must be enabled. 
(bit14 GTEN=1; bit13 PGEN=1). 
With bit 15 DMOD positive(0) or negative(1) level output can be chosen.  
The operation mode Bit8-10 TMD0-2 must be set to ‘1’. (PPG timer output pulse 
while RT signal is ‘H’) 
TMD2=0; 
TMD1=0; 
TMD0=1; 
 
In Waveform Control register the bits 7 to 5 can stay at initial values. Choose clock 
frequency by setting bit4 to 2 (DCK2-0). 
Bit1 and bit 0 (PGS1, PGS0) can stay at initial values. 
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Generating a PPG output/GATE signal during each RT is a ‘H’ level 
 

Count 
value 

PPG0 

RTO

RT1 

Time 

0xFFFF

PPG1

GATE0

GATE1 

RTO0 

RTO1

Compare 
value RT0 

Compare 
Value RT1 
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Description: 
 
The 16-bit counter counts  up continuously to 0xFFFF. If the written value in  
Compare registers of any output compare unit is matched with the counting value, the 
corresponding  RT signal get ‘H’ level. ( Next time match this value, RT gets low 
level) The depending GATE signal get the same level.  
With a GATE ‘H’-level the PPG starts outputting signal, a ‘Low’-level stop PPG 
output. 
The gated signals are outputted by RTOx pins. 
Each PPG can be gated different.  
 

3.2 Gate PPG with 8-bit Timer 
 

Gating PPG, the three 8-bit timer of Waveform Generator can be used. 
One Timer gates two PPG’s. 
 

3.2.1 Settings 
 
In this mode initialise: 
 
- 16-bit free-run timer 
- Output compare units 
- PPG’s 
- Waveform Generator 
 

3.2.2 16-bit Free-run timer 
 
Settings in Timer Control Register (TCCS): 
 
Clock frequency must be set (CLK2-0) 
Clear counter SCLR=1 
Enable Counter STOP=1 
 
It is possible to decrease counting by a compare clear. The counter will be set to 0 
when value in compare clear register (CPCLR) has matched.  
Therefore the clear value is written in compare clear register CPCLR. In Timer 
Control Register the Compare clear interrupt ICLR=1 is enabled. 
 

3.2.3 Output Compare Units 
 
The compare value must be written into Compare Registers OCCP0-5. 
 
Register settings: 
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Compare control register OCSx: 
Bit12: CMOD=0; 
Bit11: OTE1=1;     
Bit10: OTE0=1; 
 

3.2.4 PPG’s 
 

In PPG Reload Register (PRLH0-5, PRLL0-5) the reload values of the down counter 
are stored. In upper register PRLH0-5 ‘High’ pulse width and in lower register 
PRLL0-5 ‘Low’ pulse width is written (positive pulse). 
 

PPG Control Register PPGC0-5: 
 
Bit15: PEN1=1; start operation for PPG1/3/5, writing ‘0’ to this bit will stop PPG 
Bit14: SST1=1; PPG1/3/5 will operated when GATE=’H’ 
Bit13: POE1=1; PPG output port for PPG1/3/5  
Bit12: PIE1=0; Disable Interrupt request  
Bit11: PUF1=0; clear interrupt request flag 
Bit10-9: MOD1-0=0; 8-bit PPG, 2ch. independent mode 
Bit8: reserved, when setting PPG, set ‘1’ to this bit 
Bit7: PEN0=1; start operation for PPG0/2/4, writing ‘0’ to this bit will stop PPG 
Bit6: SST0=1; PPG0/2/4 will operated when GATE=’H’ 
Bit5: POE0=1; PPG output port for PPG0/2/4  
Bit4: PIE0=0; Disable Interrupt request  
Bit3: PUF0=0; clear interrupt request flag 
Bit2: POS1=0; select pulse polarity  PPG1/3/5(‘0’:positive , ‘1’: negative) 
Bit2: POS0=0; select pulse polarity PPG0/2/4(‘0’:positive , ‘1’: negative) 
Bit0: reserved, when setting PPG, set ‘1’ to this bit 
 
PPG Clock Control register PCS01/23/45: 
 
The 8-bit PPG Clock Control Register are used to control the operation clock 
frequency for PPG0-5.In one register are clock settings of two PPG’s. 
Bit7-5: PC12-PC10 setting of operation clock for PPG1/3/5 
Bit4-2: PC02-PC00 setting of operation clock for PPG0/2/4 
Bit1, bit0 are not used 
 
PC02 PC01 PC00 Operation clock for ch0/2/4 

0 0 0 φ (62.5 ns φ = 16 MHz) 
0 0 1 φ /2 (125 ns φ = 16 MHz) 
0 1 0 φ /4 (50 ns φ = 16 MHz) 
0 1 1 φ /8 (500 ns φ = 16 MHz) 
1 0 0 φ /16 (1 µs φ = 16 MHz) 
1 0 1 φ /32 (2 µs φ = 16 MHz) 
1 1 0 φ /64 (4 µs φ = 16 MHz) 
1 1 1 Input clock from timebase trimmer 
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PC12 PC11 PC10 Operation clock for ch1/3/5 
0 0 0 φ (62.5 ns φ = 16 MHz) 
0 0 1 φ /2 (125 ns φ = 16 MHz) 
0 1 0 φ /4 (50 ns φ = 16 MHz) 
0 1 1 φ /8 (500 ns φ = 16 MHz) 
1 0 0 φ /16 (1 µs φ = 16 MHz) 
1 0 1 φ /32 (2 µs φ = 16 MHz) 
1 1 0 φ /64 (4 µs φ = 16 MHz) 
1 1 1 Input clock from timebase trimmer 

3.2.5 Waveform Generator 
 
The 8-bit reload register must be set (TMRRx). 
 
In Timer Control register (DTCRx) the GATE and PPG output must be enabled. 
(bit14 GTEN=1; bit13 PGEN=1). 
With bit 15 DMOD positive(0) or negative(1) level output can be chosen.  
The operation mode Bit8-10 TMD0-2 must be set to ‘2’. (PPG timer output pulse 
while RT signal is ‘H’) 
TMD2=0; 
TMD1=1; 
TMD0=0; 
 
In Waveform Control register the bits 7 to 5 can stay at initial values. Choose clock 
frequency by setting bit4 to 2 (DCK2-0). 
Bit1 and bit 0 (PGS1, PGS0) can stay at initial values. 
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Generating a PPG output/GATE signal during each RT is a ‘H’ level 
 

Count 
value 

PPG0 

RTO

RT1 

Time 

0xFFFF

PPG1

GATE0

GATE1 

Compare 
value RT0 

Compare 
Value RT1 

RTO0 

RTO1

time of 8-bit 
timer 0 

time of 8-bit 
timer 0 
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Description: 
 

The 16-Bit Free-run timer counts up continuously. When written value in Compare 
Register is matched, the corresponding RT signal get a High-level. 
The rising edge of RT will Start the 8-bit counter and GATE-signal get High-level. 
The selected PPG starts outputting signal until the value of the 8 bit timer is matched 
with the value of 8-bit reload (TMRR) register. GATE signal gets Low.  
Note: PPG0/1 depends on timer0 
 PPG2/3 depends on timer1 
 PPG4/5 depends on timer2 
 


