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General Description
Figure 1-5. Power Supply Bypassing

1.5.2  Oscillator Pins (OSC1 and OSC2)

OSC1 and OSC2 are the connections for an external crystal, resonator, or clock circuit. See Chapter 4 
Clock Generator Module (CGM).

1.5.3  External Reset Pin (RST)

A low on the RST pin forces the MCU to a known startup state. RST is bidirectional, allowing a reset of 
the entire system. It is driven low when any internal reset source is asserted. This pin contains an internal 
pullup resistor. See Chapter 14 System Integration Module (SIM).

1.5.4  External Interrupt Pin (IRQ)

IRQ is an asynchronous external interrupt pin. This pin contains an internal pullup resistor. See Chapter 
8 External Interrupt (IRQ).

1.5.5  CGM Power Supply Pins (VDDA and VSSA)

VDDA and VSSA are the power supply pins for the analog portion of the clock generator module (CGM). 
Decoupling of these pins should be as per the digital supply. See Chapter 4 Clock Generator Module 
(CGM).

1.5.6  External Filter Capacitor Pin (CGMXFC)

CGMXFC is an external filter capacitor connection for the CGM. See Chapter 4 Clock Generator Module 
(CGM). 

1.5.7  ADC Power Supply/Reference Pins (VDDAD/VREFH and VSSAD/VREFL)

VDDAD and VSSAD are the power supply pins to the analog-to-digital converter (ADC). VREFH and VREFL 
are the reference voltage pins for the ADC. VREFH is the high reference supply for the ADC, and by default 
the VDDAD/VREFH pin should be externally filtered and connected to the same voltage potential as VDD. 

MCU

VDD

C2

C1
0.1 μF

VSSVDD

+

Note: Component values shown represent typical applications.
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FLASH-2 Memory (FLASH-2)
HVEN — High-Voltage Enable Bit
This read/write bit enables the charge pump to drive high voltages for program and erase operations 
in the array. HVEN can only be set if either PGM = 1 or ERASE = 1 and the proper sequence for 
program or erase is followed.

1 = High voltage enabled to array and charge pump on
0 = High voltage disabled to array and charge pump off

MASS — Mass Erase Control Bit
Setting this read/write bit configures the FLASH-2 array for mass or page erase operation.

1 = Mass erase operation selected
0 = Page erase operation selected

ERASE — Erase Control Bit
This read/write bit configures the memory for erase operation. ERASE is interlocked with the PGM bit 
such that both bits cannot be set at the same time.

1 = Erase operation selected
0 = Erase operation unselected

PGM — Program Control Bit
This read/write bit configures the memory for program operation. PGM is interlocked with the ERASE 
bit such that both bits cannot be equal to 1 or set to 1 at the same time.

1 = Program operation selected
0 = Program operation unselected

2.7.2.2  FLASH-2 Block Protect Register

The FLASH-2 block protect register (FL2BPR) is implemented as a byte within the FLASH-1 memory; 
therefore, can only be written during a FLASH-1 programming sequence. The value in this register 
determines the starting location of the protected range within the FLASH-2 memory.

NOTE
The FLASH-2 block protect register (FL2BPR) controls the block protection 
for the FLASH-2 array. However, FL2BPR is implemented within the 
FLASH-1 memory array and therefore, the FLASH-1 control register 
(FL1CR) must be used to program/erase FL2BPR.

FL2BPR[7:0] — Block Protect Register Bits 7 to 0
These eight bits represent bits [14:7] of a 16-bit memory address. Bit 15 is a 0 and bits [6:0] are 0s.

The resultant 16-bit address is used for specifying the start address of the FLASH-2 memory for block 
protection. FLASH-2 is protected from this start address to the end of FLASH-2 memory at $7FFF. 
With this mechanism, the protect start address can be $XX00 and $XX80 (128 byte page boundaries) 
within the FLASH-2 array.

Address: $FF81

Bit 7 6 5 4 3 2 1 Bit 0

Read:
BPR7 BPR6 BPR5 BPR4 BPR3 BPR2 BPR1 BPR0

Write:

Reset: Unaffected by reset

Figure 2-8. FLASH-2 Block Protect Register (FL2BPR)
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I/O Registers
3.7.4  ADC Voltage Reference Low Pin (VREFL)

The ADC analog portion uses VREFL as its lower voltage reference pin. By default, connect the VREFL pin 
to the same voltage potential as VSS. External filtering is often necessary to ensure a clean VREFL for good 
results. Any noise present on this pin will be reflected and possibly magnified in A/D conversion values.

NOTE
For maximum noise immunity, route VREFL carefully and, if not connected 
to VSS, place bypass capacitors as close as possible to the package. 
Routing VREFH close and parallel to VREFL may improve common mode 
noise rejection.

VSSAD and VREFL are bonded internally.

3.7.5  ADC Voltage In (VADIN)

VADIN is the input voltage signal from one of the 24 ADC channels to the ADC module.

3.8  I/O Registers

These I/O registers control and monitor ADC operation:
• ADC status and control register (ADSCR)
• ADC data register (ADRH and ADRL)
• ADC clock register (ADCLK)

3.8.1  ADC Status and Control Register

Function of the ADC status and control register (ADSCR) is described here.

COCO — Conversions Complete Bit
In non-interrupt mode (AIEN = 0), COCO is a read-only bit that is set at the end of each conversion. 
COCO will stay set until cleared by a read of the ADC data register. Reset clears this bit.

In interrupt mode (AIEN = 1), COCO is a read-only bit that is not set at the end of a conversion. It 
always reads as a 0.

1 = Conversion completed (AIEN = 0)
0 = Conversion not completed (AIEN = 0) or CPU interrupt enabled (AIEN = 1)

NOTE
The write function of the COCO bit is reserved. When writing to the ADSCR 
register, always have a 0 in the COCO bit position.

Address: $003C

Bit 7 6 5 4 3 2 1 Bit 0

Read: COCO
AIEN ADCO ADCH4 ADCH3 ADCH2 ADCH1 ADCH0

Write: R

Reset: 0 0 0 1 1 1 1 1

R = Reserved

Figure 3-4. ADC Status and Control Register (ADSCR)
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Chapter 4 
Clock Generator Module (CGM)

4.1  Introduction

This section describes the clock generator module. The CGM generates the crystal clock signal, 
CGMXCLK, which operates at the frequency of the crystal. The CGM also generates the base clock 
signal, CGMOUT, which is based on either the crystal clock divided by two or the phase-locked loop (PLL) 
clock, CGMVCLK, divided by two. In user mode, CGMOUT is the clock from which the SIM derives the 
system clocks, including the bus clock, which is at a frequency of CGMOUT/2. The PLL is a fully functional 
frequency generator designed for use with crystals or ceramic resonators. The PLL can generate a 
maximum bus frequency of 8 MHz using a 1-8MHz crystal or external clock source.

4.2  Features

Features of the CGM include:
• Phase-locked loop with output frequency in integer multiples of an integer dividend of the crystal 

reference
• High-frequency crystal operation with low-power operation and high-output frequency resolution
• Programmable hardware voltage-controlled oscillator (VCO) for low-jitter operation
• Automatic bandwidth control mode for low-jitter operation
• Automatic frequency lock detector
• CPU interrupt on entry or exit from locked condition
• Configuration register bit to allow oscillator operation during stop mode

4.3  Functional Description

The CGM consists of three major submodules:
• Crystal oscillator circuit — The crystal oscillator circuit generates the constant crystal frequency 

clock, CGMXCLK.
• Phase-locked loop (PLL) — The PLL generates the programmable VCO frequency clock, 

CGMVCLK.
• Base clock selector circuit — This software-controlled circuit selects either CGMXCLK divided by 

two or the VCO clock, CGMVCLK, divided by two as the base clock, CGMOUT. The SIM derives 
the system clocks from either CGMOUT or CGMXCLK.

Figure 4-1 shows the structure of the CGM.
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CGM Registers
4.5.1  PLL Control Register 

The PLL control register (PCTL) contains the interrupt enable and flag bits, the on/off switch, the base 
clock selector bit, and the VCO power-of-two range selector bits.

PLLIE — PLL Interrupt Enable Bit 
This read/write bit enables the PLL to generate an interrupt request when the LOCK bit toggles, setting 
the PLL flag, PLLF. When the AUTO bit in the PLL bandwidth control register (PBWC) is clear, PLLIE 
cannot be written and reads as 0. Reset clears the PLLIE bit.

1 = PLL interrupts enabled
0 = PLL interrupts disabled

PLLF — PLL Interrupt Flag Bit
This read-only bit is set whenever the LOCK bit toggles. PLLF generates an interrupt request if the 
PLLIE bit also is set. PLLF always reads as 0 when the AUTO bit in the PLL bandwidth control register 
(PBWC) is clear. Clear the PLLF bit by reading the PLL control register. Reset clears the PLLF bit.

1 = Change in lock condition
0 = No change in lock condition

NOTE
Do not inadvertently clear the PLLF bit. Any read or read-modify-write 
operation on the PLL control register clears the PLLF bit. 

PLLON — PLL On Bit
This read/write bit activates the PLL and enables the VCO clock, CGMVCLK. PLLON cannot be 
cleared if the VCO clock is driving the base clock, CGMOUT (BCS = 1). (See 4.3.8 Base Clock Selector 
Circuit.) Reset sets this bit so that the loop can stabilize as the MCU is powering up.

1 = PLL on
0 = PLL off

BCS — Base Clock Select Bit
This read/write bit selects either the crystal oscillator output, CGMXCLK, or the VCO clock, 
CGMVCLK, as the source of the CGM output, CGMOUT. CGMOUT frequency is one-half the 
frequency of the selected clock. BCS cannot be set while the PLLON bit is clear. After toggling BCS, 
it may take up to three CGMXCLK and three CGMVCLK cycles to complete the transition from one 
source clock to the other. During the transition, CGMOUT is held in stasis. (See 4.3.8 Base Clock 
Selector Circuit.) Reset clears the BCS bit.

1 = CGMVCLK divided by two drives CGMOUT
0 = CGMXCLK divided by two drives CGMOUT

NOTE
PLLON and BCS have built-in protection that prevents the base clock 
selector circuit from selecting the VCO clock as the source of the base clock 

Address: $0036

Bit 7 6 5 4 3 2 1 Bit 0

Read:
PLLIE

PLLF
PLLON BCS R R VPR1 VPR0

Write:

Reset: 0 0 1 0 0 0 0 0

= Unimplemented R = Reserved

Figure 4-4. PLL Control Register (PCTL)
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Clock Generator Module (CGM)
4.5.4  PLL Multiplier Select Register Low 

The PLL multiplier select register low (PMSL) contains the programming information for the low byte of 
the modulo feedback divider.

NOTE
For applications using 1–8 MHz reference frequencies this register must be 
reprogrammed before enabling the PLL. The reset value of this register will 
cause applications using 1–8 MHz reference frequencies to become 
unstable if the PLL is enabled without programming an appropriate value. 
The programmed value must not allow the VCO clock to exceed 32 MHz. 
See 4.3.6 Programming the PLL for detailed instructions on choosing the 
proper value for PMSL.

MUL7–MUL0 — Multiplier Select Bits
These read/write bits control the low byte of the modulo feedback divider that selects the VCO 
frequency multiplier, N. (See 4.3.3 PLL Circuits and 4.3.6 Programming the PLL.) MUL7–MUL0 cannot 
be written when the PLLON bit in the PCTL is set. A value of $0000 in the multiplier select registers 
configures the modulo feedback divider the same as a value of $0001. Reset initializes the register to 
$40 for a default multiply value of 64.

NOTE
The multiplier select bits have built-in protection such that they cannot be 
written when the PLL is on (PLLON = 1).

4.5.5  PLL VCO Range Select Register 

The PLL VCO range select register (PMRS) contains the programming information required for the 
hardware configuration of the VCO.

NOTE
Verify that the value of the PMRS register is appropriate for the given 
reference and VCO clock frequencies before enabling the PLL. See 4.3.6 
Programming the PLL for detailed instructions on selecting the proper value 
for these control bits.

Address: $0038

Bit 7 6 5 4 3 2 1 Bit 0

Read:
MUL7 MUL6 MUL5 MUL4 MUL3 MUL2 MUL1 MUL0

Write:

Reset: 0 1 0 0 0 0 0 0

Figure 4-7. PLL Multiplier Select Register Low (PMSL)

Address: $003A

Bit 7 6 5 4 3 2 1 Bit 0

Read:
VRS7 VRS6 VRS5 VRS4 VRS3 VRS2 VRS1 VRS0

Write:

Reset: 0 1 0 0 0 0 0 0

Figure 4-8. PLL VCO Range Select Register (PMRS)
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Computer Operating Properly (COP) Module
The COP counter is a free-running 6-bit counter preceded by the 12-bit SIM counter. If not cleared by 
software, the COP counter overflows and generates an asynchronous reset after 262,128 or 8176 

CGMXCLK cycles, depending on the state of the COP rate select bit, COPRS, in the configuration 
register. With a 262,128 CGMXCLK cycle overflow option, a 4.9152-MHz crystal gives a COP timeout 
period of 53.3 ms. Writing any value to location $FFFF before an overflow occurs prevents a COP reset 
by clearing the COP counter and stages 12–5 of the SIM counter.

NOTE
Service the COP immediately after reset and before entering or after exiting 
stop mode to guarantee the maximum time before the first COP counter 
overflow.

A COP reset pulls the RST pin low for 32 CGMXCLK cycles and sets the COP bit in the reset status 
register (RSR).

In monitor mode, the COP is disabled if the RST pin or the IRQ is held at VTST. During the break state, 
VTST on the RST pin disables the COP.

NOTE
Place COP clearing instructions in the main program and not in an interrupt 
subroutine. Such an interrupt subroutine could keep the COP from 
generating a reset even while the main program is not working properly.

6.3  I/O Signals

The following paragraphs describe the signals shown in Figure 6-1.

6.3.1  CGMXCLK

CGMXCLK is the crystal oscillator output signal. CGMXCLK frequency is equal to the crystal frequency.

6.3.2  STOP Instruction

The STOP instruction clears the SIM counter.

6.3.3  COPCTL Write 

Writing any value to the COP control register (COPCTL) clears the COP counter and clears stages 12–5 
of the SIM counter. Reading the COP control register returns the low byte of the reset vector. See 6.4 
COP Control Register.

6.3.4  Power-On Reset 

The power-on reset (POR) circuit clears the SIM counter 4096 CGMXCLK cycles after power-up.

6.3.5  Internal Reset 

An internal reset clears the SIM counter and the COP counter.
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Port A
12.3  Port A

Port A is an 8-bit special-function port that shares all eight of its pins with the keyboard interrupt (KBI) 
module and the ADC module. Port A also has software configurable pullup devices if configured as an 
input port.

12.3.1  Port A Data Register 

The port A data register (PTA) contains a data latch for each of the eight port A pins.

PTA7–PTA0 — Port A Data Bits
These read/write bits are software programmable. Data direction of each port A pin is under the control 
of the corresponding bit in data direction register A. Reset has no effect on port A data.

KBD7–KBD0 — Keyboard Inputs
The keyboard interrupt enable bits, KBIE7–KBIE0, in the keyboard interrupt control register (KBICR) 
enable the port A pins as external interrupt pins. See Chapter 9 Keyboard Interrupt Module (KBI)

AD15–AD8 — Analog-to-Digital Input Bits
AD15–AD8 are pins used for the input channels to the analog-to-digital converter module. The channel 
select bits in the ADC status and control register define which port A pin will be used as an ADC input 
and overrides any control from the port I/O logic by forcing that pin as the input to the analog circuitry.

NOTE
Care must be taken when reading port A while applying analog voltages to 
AD15–AD8 pins. If the appropriate ADC channel is not enabled, excessive 
current drain may occur if analog voltages are applied to the 
PTAx/KBDx/ADx pin, while PTA is read as a digital input during the CPU 
read cycle. Those ports not selected as analog input channels are 
considered digital I/O ports.

Address: $0000

Bit 7 6 5 4 3 2 1 Bit 0

Read:
PTA7 PTA6 PTA5 PTA4 PTA3 PTA2 PTA1 PTA0

Write:

Reset: Unaffected by reset

Alternate Function: KBD7 KBD6 KBD5 KBD4 KBD3 KBD2 KBD1 KBD0

Alternate Function: AD15 AD14 AD13 AD12 AD11 AD10 AD9 AD8

Figure 12-2. Port A Data Register (PTA)
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Input/Output (I/O) Ports
12.3.2  Data Direction Register A 

Data direction register A (DDRA) determines whether each port A pin is an input or an output. Writing a 1 
to a DDRA bit enables the output buffer for the corresponding port A pin; a 0 disables the output buffer.

DDRA7–DDRA0 — Data Direction Register A Bits
These read/write bits control port A data direction. Reset clears DDRA7–DDRA0, configuring all port 
A pins as inputs.

1 = Corresponding port A pin configured as output
0 = Corresponding port A pin configured as input

NOTE
Avoid glitches on port A pins by writing to the port A data register before 
changing data direction register A bits from 0 to 1.

Figure 12-4 shows the port A I/O logic.

When bit DDRAx is a 1, reading address $0000 reads the PTAx data latch. When bit DDRAx is a 0, 
reading address $0000 reads the voltage level on the pin. The data latch can always be written, 
regardless of the state of its data direction bit. Table 12-2 summarizes the operation of the port A pins.

 

Figure 12-4. Port A I/O Circuit

Address: $0004

Bit 7 6 5 4 3 2 1 Bit 0

Read:
DDRA7 DDRA6 DDRA5 DDRA4 DDRA3 DDRA2 DDRA1 DDRA0

Write:

Reset: 0 0 0 0 0 0 0 0

Figure 12-3. Data Direction Register A (DDRA)

READ DDRA ($0004)

WRITE DDRA ($0004)

RESET

WRITE PTA ($0000)

READ PTA ($0000)

PTAx
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TE
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AT
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VDD

PTAPUEx

INTERNAL
PULLUP
DEVICE
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Pin Name Conventions
13.3  Pin Name Conventions

The generic names of the ESCI input/output (I/O) pins are:
• RxD (receive data)
• TxD (transmit data)

ESCI I/O lines are implemented by sharing parallel I/O port pins. The full name of an ESCI input or output 
reflects the name of the shared port pin. Table 13-1 shows the full names and the generic names of the 
ESCI I/O pins. The generic pin names appear in the text of this section.

 

13.4  Functional Description

Figure 13-3 shows the structure of the ESCI module. The ESCI allows full-duplex, asynchronous, NRZ 
serial communication between the MCU and remote devices, including other MCUs. The transmitter and 
receiver of the ESCI operate independently, although they use the same baud rate generator. During 
normal operation, the CPU monitors the status of the ESCI, writes the data to be transmitted, and 
processes received data. 

The baud rate clock source for the ESCI can be selected via the configuration bit, SCIBDSRC, of the 
CONFIG2 register ($001E)

For reference, a summary of the ESCI module input/output registers is provided in Figure 13-4.

13.4.1  Data Format

The SCI uses the standard non-return-to-zero mark/space data format illustrated in Figure 13-2.

Figure 13-2. SCI Data Formats

Table 13-1. Pin Name Conventions

 Generic Pin Names RxD TxD

Full Pin Names PTE1/RxD PTE0/TxD

BIT 5BIT 0 BIT 1

BIT 0 BIT 1 BIT 2 BIT 3 BIT 4 BIT 5 BIT 6 BIT 7 BIT 8

BIT 2 BIT 3 BIT 4 BIT 6 BIT 7

PARITY
OR DATA

BIT

PARITY
OR DATA

BIT

NEXT
START

BIT

NEXT
START

BIT

STOP
BIT

STOP
BIT

8-BIT DATA FORMAT
(BIT M IN SCC1 CLEAR)

9-BIT DATA FORMAT
(BIT M IN SCC1 SET)

START
BIT

START
BIT
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I/O Registers
WAKE — Wakeup Condition Bit
This read/write bit determines which condition wakes up the ESCI: a 1 (address mark) in the MSB 
position of a received character or an idle condition on the RxD pin. Reset clears the WAKE bit.

1 = Address mark wakeup
0 = Idle line wakeup

ILTY — Idle Line Type Bit 
This read/write bit determines when the ESCI starts counting 1s as idle character bits. The counting 
begins either after the start bit or after the stop bit. If the count begins after the start bit, then a string 
of 1s preceding the stop bit may cause false recognition of an idle character. Beginning the count after 
the stop bit avoids false idle character recognition, but requires properly synchronized transmissions. 
Reset clears the ILTY bit.

1 = Idle character bit count begins after stop bit
0 = Idle character bit count begins after start bit

PEN — Parity Enable Bit
This read/write bit enables the ESCI parity function (see Table 13-5). When enabled, the parity 
function inserts a parity bit in the MSB position (see Table 13-3). Reset clears the PEN bit.

1 = Parity function enabled
0 = Parity function disabled

PTY — Parity Bit
This read/write bit determines whether the ESCI generates and checks for odd parity or even parity 
(see Table 13-5). Reset clears the PTY bit.

1 = Odd parity
0 = Even parity

NOTE
Changing the PTY bit in the middle of a transmission or reception can 
generate a parity error.

13.8.2  ESCI Control Register 2

ESCI control register 2 (SCC2):
• Enables these CPU interrupt requests:

– SCTE bit to generate transmitter CPU interrupt requests
– TC bit to generate transmitter CPU interrupt requests
– SCRF bit to generate receiver CPU interrupt requests
– IDLE bit to generate receiver CPU interrupt requests

Table 13-5. Character Format Selection

Control Bits Character Format

M PEN:PTY Start Bits Data Bits Parity Stop Bits Character Length

0 0 X 1 8 None 1 10 bits

1 0 X 1 9 None 1 11 bits

0 1 0 1 7 Even 1 10 bits

0 1 1 1 7 Odd 1 10 bits

1 1 0 1 8 Even 1 11 bits

1 1 1 1 8 Odd 1 11 bits

:
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SPI During Break Interrupts
15.9.2  Stop Mode

The SPI module is inactive after the execution of a STOP instruction. The STOP instruction does not 
affect register conditions. SPI operation resumes after an external interrupt. If stop mode is exited by 
reset, any transfer in progress is aborted, and the SPI is reset.

15.10  SPI During Break Interrupts

The system integration module (SIM) controls whether status bits in other modules can be cleared during 
the break state. BCFE in the SIM break flag control register (SBFCR) enables software to clear status bits 
during the break state. See Chapter 14 System Integration Module (SIM).

To allow software to clear status bits during a break interrupt, write a 1 to BCFE. If a status bit is cleared 
during the break state, it remains cleared when the MCU exits the break state.

To protect status bits during the break state, write a 0 to BCFE. With BCFE at 0 (its default state), software 
can read and write I/O registers during the break state without affecting status bits. Some status bits have 
a 2-step read/write clearing procedure. If software does the first step on such a bit before the break, the 
bit cannot change during the break state as long as BCFE is 0. After the break, doing the second step 
clears the status bit.

Since the SPTE bit cannot be cleared during a break with BCFE cleared, a write to the transmit data 
register in break mode does not initiate a transmission nor is this data transferred into the shift register. 
Therefore, a write to the SPDR in break mode with BCFE cleared has no effect.

15.11  I/O Signals

The SPI module has four I/O pins:
• MISO — Master input/slave output
• MOSI — Master output/slave input
• SPSCK — Serial clock
• SS — Slave select

15.11.1  MISO (Master In/Slave Out)

MISO is one of the two SPI module pins that transmits serial data. In full duplex operation, the MISO pin 
of the master SPI module is connected to the MISO pin of the slave SPI module. The master SPI 
simultaneously receives data on its MISO pin and transmits data from its MOSI pin.

Slave output data on the MISO pin is enabled only when the SPI is configured as a slave. The SPI is 
configured as a slave when its SPMSTR bit is 0 and its SS pin is low. To support a multiple-slave system, 
a high on the SS pin puts the MISO pin in a high-impedance state.

When enabled, the SPI controls data direction of the MISO pin regardless of the state of the data direction 
register of the shared I/O port.

15.11.2  MOSI (Master Out/Slave In)

MOSI is one of the two SPI module pins that transmits serial data. In full-duplex operation, the MOSI pin 
of the master SPI module is connected to the MOSI pin of the slave SPI module. The master SPI 
simultaneously transmits data from its MOSI pin and receives data on its MISO pin.
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Timer Interface Module (TIM1)
 

Figure 17-1. Block Diagram Highlighting TIM1 Block and Pins
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Timer Interface Module (TIM1)
When ELSxB:A = 00, this read/write bit selects the initial output level of the TCHx pin (see Table 17-2). 
Reset clears the MSxA bit.

1 = Initial output level low
0 = Initial output level high

NOTE
Before changing a channel function by writing to the MSxB or MSxA bit, set 
the TSTOP and TRST bits in the TIM1 status and control register (T1SC).

ELSxB and ELSxA — Edge/Level Select Bits
When channel x is an input capture channel, these read/write bits control the active edge-sensing logic 
on channel x.

When channel x is an output compare channel, ELSxB and ELSxA control the channel x output 
behavior when an output compare occurs.

When ELSxB and ELSxA are both clear, channel x is not connected to an I/O port, and pin TCHx is 
available as a general-purpose I/O pin. Table 17-2 shows how ELSxB and ELSxA work. Reset clears 
the ELSxB and ELSxA bits.

NOTE
After initially enabling a TIM1 channel register for input capture operation 
and selecting the edge sensitivity, clear CHxF to ignore any erroneous 
edge detection flags.

TOVx — Toggle-On-Overflow Bit
When channel x is an output compare channel, this read/write bit controls the behavior of the channel 
x output when the TIM1 counter overflows. When channel x is an input capture channel, TOVx has no 
effect. Reset clears the TOVx bit.

1 = Channel x pin toggles on TIM1 counter overflow.
0 = Channel x pin does not toggle on TIM1 counter overflow.

Table 17-2. Mode, Edge, and Level Selection

MSxB MSxA ELSxB ELSxA Mode Configuration

X 0 0 0
Output preset

Pin under port control; 
initial output level high

X 1 0 0
Pin under port control; 
initial output level low

0 0 0 1

Input capture

Capture on rising edge only

0 0 1 0 Capture on falling edge only

0 0 1 1
Capture on rising 
or falling edge

0 1 0 0

Output compare 
or PWM

Software compare only

0 1 0 1 Toggle output on compare

0 1 1 0 Clear output on compare

0 1 1 1 Set output on compare

1 X 0 1 Buffered 
output 

compare or 
buffered PWM

Toggle output on compare

1 X 1 0 Clear output on compare

1 X 1 1 Set output on compare
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Input/Output Registers
NOTE
When TOVx is set, a TIM1 counter overflow takes precedence over a 
channel x output compare if both occur at the same time.

CHxMAX — Channel x Maximum Duty Cycle Bit
When the TOVx bit is at 1, setting the CHxMAX bit forces the duty cycle of buffered and unbuffered 
PWM signals to 100%. As Figure 17-9 shows, the CHxMAX bit takes effect in the cycle after it is set 
or cleared. The output stays at the 100% duty cycle level until the cycle after CHxMAX is cleared.

NOTE
The 100% PWM duty cycle is defined as a continuous high level if the PWM 
polarity is 1 and a continuous low level if the PWM polarity is 0. Conversely, 
a 0% PWM duty cycle is defined as a continuous low level if the PWM 
polarity is 1 and a continuous high level if the PWM polarity is 0.

Figure 17-9. CHxMAX Latency

17.8.5  TIM1 Channel Registers

These read/write registers contain the captured TIM1 counter value of the input capture function or the 
output compare value of the output compare function. The state of the TIM1 channel registers after reset 
is unknown.

In input capture mode (MSxB:MSxA = 0:0), reading the high byte of the TIM1 channel x registers 
(T1CHxH) inhibits input captures until the low byte (T1CHxL) is read.

In output compare mode (MSxB:MSxA ≠ 0:0), writing to the high byte of the TIM1 channel x registers 
(T1CHxH) inhibits output compares until the low byte (T1CHxL) is written.
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Timer Interface Module (TIM2)
 

Figure 18-1. Block Diagram Highlighting TIM2 Block and Pins
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3.3-Volt SPI Characteristics
Figure 20-3. SPI Slave Timing

Note: Not defined but normally MSB of character just received
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