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within electronic devices to control various functions,
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Applications of "Embedded -
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Embedded microcontrollers are used in virtually every
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each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
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purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0

$0000 Port A Data Register (PTA)
Read:

PTA7 PTA6 PTA5 PTA4 PTA3 PTA2 PTA1 PTA0
Write:
Reset: Unaffected by reset

$0001 Port B Data Register (PTB)
Read:

PTB7 PTB6 PTB5 PTB4 PTB3 PTB2 PTB1 PTB0
Write:
Reset: Unaffected by reset

$0002  Unimplemented
Read:
Write:

$0003 Port D Data Register (PTD)
Read:

PTD7 PTD6 PTD5 PTD4 PTD3 PTD2 PTD1 PTD0
Write:
Reset: Unaffected by reset

$0004
Data Direction Register A

(DDRA)

Read:
DDRA7 DDRA6 DDRA5 DDRA4 DDRA3 DDRA2 DDRA1 DDRA0

Write:
Reset: 0 0 0 0 0 0 0 0

$0005
Data Direction Register B

(DDRB)

Read:
DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 DDRB0

Write:
Reset: 0 0 0 0 0 0 0 0

$0006  Unimplemented
Read:
Write:

$0007
Data Direction Register D

(DDRD)

Read:
DDRD7 DDRD6 DDRD5 DDRD4 DDRD3 DDRD2 DDRD1 DDRD0

Write:
Reset: 0 0 0 0 0 0 0 0

$0008
Port E Data Register

(PTE)

Read:
PTE1 PTE0

Write:
Reset: Unaffected by reset

$0009  Unimplemented
Read:
Write:

$000A
Port D Control Register

(PDCR)

Read: 0 0 0 0
SLOWD7 SLOWD6 PTDPU7 PTDPU6

Write:
Reset: 0 0 0 0 0 0 0 0

$000B Unimplemented
Read:
Write:

$000C
Data Direction Register E

(DDRE)

Read:
DDRE1 DDRE0

Write:
Reset: 0 0 0 0 0 0 0 0

$000D
Port A Input Pull-up

Enable Register
(PTAPUE)

Read:
PTA6EN PTAPUE6 PTAPUE5 PTAPUE4 PTAPUE3 PTAPUE2 PTAPUE1 PTAPUE0

Write:
Reset: 0 0 0 0 0 0 0 0

$000E
PTA7 Input Pull-up

Enable Register
(PTA7PUE)

Read:
PTAPUE7

Write:
Reset: 0 0 0 0 0 0 0 0

$000F
↓

$0012
Unimplemented

Read:
Write:

U = Unaffected X = Indeterminate = Unimplemented R = Reserved

Figure 2-2. Control, Status, and Data Registers (Sheet 1 of 5)
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$0022
TIM1 Counter Register

Low
(T1CNTL)

Read: Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Write:
Reset: 0 0 0 0 0 0 0 0

$0023
TIM Counter Modulo

Register High
(TMODH)

Read:
Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8

Write:
Reset: 1 1 1 1 1 1 1 1

$0024
TIM1 Counter Modulo

Register Low
(T1MODL)

Read:
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Write:
Reset: 1 1 1 1 1 1 1 1

$0025
TIM1 Channel 0 Status

and Control Register
(T1SC0)

Read: CH0F
CH0IE MS0B MS0A ELS0B ELS0A TOV0 CH0MAX

Write: 0
Reset: 0 0 0 0 0 0 0 0

$0026
TIM1 Channel 0

Register High
(T1CH0H)

Read:
Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8

Write:
Reset: Indeterminate after reset

$0027
TIM1 Channel 0

Register Low
(T1CH0L)

Read:
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Write:
Reset: Indeterminate after reset

$0028
TIM1 Channel 1 Status

and Control Register
(T1SC1)

Read: CH1F
CH1IE

0
MS1A ELS1B ELS1A TOV1 CH1MAX

Write: 0
Reset: 0 0 0 0 0 0 0 0

$0029
TIM1 Channel 1

Register High
(T1CH1H)

Read:
Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8

Write:
Reset: Indeterminate after reset

$002A
TIM1 Channel 1

Register Low
(T1CH1L)

Read:
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Write:
Reset: Indeterminate after reset

$002B
↓

$002F
Unimplemented

Read:
Write:

$0030
TIM2 Status and Control

Register
(T2SC)

Read: TOF
TOIE TSTOP

0 0
PS2 PS1 PS0

Write: 0 TRST
Reset: 0 0 1 0 0 0 0 0

$0031
TIM2 Counter Register

High
(T2CNTH)

Read: Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
Write:
Reset: 0 0 0 0 0 0 0 0

$0032
TIM2 Counter Register

Low
(T2CNTL)

Read: Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Write:
Reset: 0 0 0 0 0 0 0 0

$0033
TIM2 Counter Modulo

Register High
(T2MODH)

Read:
Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8

Write:
Reset: 1 1 1 1 1 1 1 1

$0034
TIM2 Counter Modulo

Register Low
(T2MODL)

Read:
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

Write:
Reset: 1 1 1 1 1 1 1 1

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0

U = Unaffected X = Indeterminate = Unimplemented R = Reserved

Figure 2-2. Control, Status, and Data Registers (Sheet 3 of 5)
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The resultant 16-bit address is used for specifying the start address of the FLASH memory for block 
protection. The FLASH is protected from this start address to the end of FLASH memory, at $FFFF. 
With this mechanism, the protect start address can be XX00, XX40, XX80, or XXC0 (at page 
boundaries — 64 bytes) within the FLASH memory.

Examples of protect start address:

BPR[7:0] Start of Address of Protect Range (1)

1. The end address of the protected range is always $FFFF.

$00–$70 The entire FLASH memory is protected.

$71
(0111 0001)

$DC40 (1101 1100 0100 0000)

$72
(0111 0010)

$DC80 (1101 1100 1000 0000)

$73
(0111 0011)

$DCC0 (1101 1100 1100 0000)

and so on...

$FD
(1111 1101)

$FF40 (1111 1111 0100 0000)

$FE
(1111 1110)

$FF80 (1111 1111 1000 0000)

$FF The entire FLASH memory is not protected.
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The coding example below is to perform a page erase, from $EF00–$EF3F. The Initialization subroutine 
is the same as the coding example for PRGRNGE (see 7.5.1 PRGRNGE).
ERARNGE EQU $FCBE
MAIN:

BSR INITIALISATION
:
:
LDHX #FILE_PTR
JSR ERARNGE
:

7.5.3  LDRNGE

LDRNGE is used to load the data array in RAM with data from a range of FLASH locations.

The start location of FLASH from where data is retrieved is specified by the address ADDRH:ADDRL and 
the number of bytes from this location is specified by DATASIZE. The maximum number of bytes that can 
be retrieved in one routine call is 128 bytes. The data retrieved from FLASH is loaded into the data array 
in RAM. Previous data in the data array will be overwritten. User can use this routine to retrieve data from 
FLASH that was previously programmed.

The coding example below is to retrieve 32 bytes of data starting from $EF00 in FLASH. The Initialization 
subroutine is the same as the coding example for PRGRNGE (see 7.5.1 PRGRNGE).
LDRNGE EQU $FF30
MAIN:

BSR INITIALIZATION
:
:
LDHX #FILE_PTR
JSR LDRNGE
:

Table 7-13. LDRNGE Routine

Routine Name LDRNGE

Routine Description Loads data from a range of locations

Calling Address $FF30

Stack Used 9 bytes

Data Block Format Bus speed (BUS_SPD)
Data size (DATASIZE)
Starting address (ADDRH)
Starting address (ADDRL)
Data 1

:
Data N
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7.5.6  MON_LDRNGE

In monitor mode, LDRNGE is used to load the data array in RAM with data from a range of FLASH 
locations.

The MON_LDRNGE routine is designed to be used in monitor mode. It performs the same function as the 
LDRNGE routine (see 7.5.3 LDRNGE), except that MON_LDRNGE returns to the main program via an 
SWI instruction. After a MON_LDRNGE call, the SWI instruction will return the control back to the monitor 
code.

7.5.7  EE_WRITE

EE_WRITE is used to write a set of data from the data array to FLASH.

The start location of the FLASH to be programmed is specified by the address ADDRH:ADDRL and the 
number of bytes in the data array is specified by DATASIZE. The minimum number of bytes that can be 

Table 7-16. ICP_LDRNGE Routine

Routine Name MON_LDRNGE

Routine Description Loads data from a range of locations, in monitor mode

Calling Address $FF24

Stack Used 11 bytes

Data Block Format Bus speed
Data size
Starting address (high byte)
Starting address (low byte)
Data 1

:
Data N

Table 7-17. EE_WRITE Routine

Routine Name EE_WRITE

Routine Description
Emulated EEPROM write. Data size ranges from 2 to 15 bytes at 
a time.

Calling Address $FD3F

Stack Used 24 bytes

Data Block Format Bus speed (BUS_SPD)

Data size (DATASIZE)(1)

Starting address (ADDRH)(2)

Starting address (ADDRL)(1)

Data 1
:

Data N

1. The minimum data size is 2 bytes. The maximum data size is 15 bytes.
2. The start address must be a page boundary start address: $xx00, $xx40, $xx80, or $00C0.
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8.4.1  TIM Counter Prescaler

The TIM1 clock source can be one of the seven prescaler outputs; TIM2 clock source can be one of the 
seven prescaler outputs or the TIM2 clock pin, T2CLK. The prescaler generates seven clock rates from 
the internal bus clock. The prescaler select bits, PS[2:0], in the TIM status and control register select the 
TIM clock source.

8.4.2  Input Capture

With the input capture function, the TIM can capture the time at which an external event occurs. When an 
active edge occurs on the pin of an input capture channel, the TIM latches the contents of the TIM counter 
into the TIM channel registers, TCHxH:TCHxL. The polarity of the active edge is programmable. Input 
captures can generate TIM CPU interrupt requests.

8.4.3  Output Compare

With the output compare function, the TIM can generate a periodic pulse with a programmable polarity, 
duration, and frequency. When the counter reaches the value in the registers of an output compare 
channel, the TIM can set, clear, or toggle the channel pin. Output compares can generate TIM CPU 
interrupt requests.

$0034
TIM2 Counter Modulo

Register Low
(T2MODL)

Read:
Bit 7 6 5 4 3 2 1 Bit 0

Write:
Reset: 1 1 1 1 1 1 1 1

$0035
TIM2 Channel 0 Status

and Control Register
(T2SC0)

Read: CH0F
CH0IE MS0B MS0A ELS0B ELS0A TOV0 CH0MAX

Write: 0
Reset: 0 0 0 0 0 0 0 0

$0036
TIM2 Channel 0

Register High
(T2CH0H)

Read:
Bit 15 14 13 12 11 10 9 Bit 8

Write:
Reset: Indeterminate after reset

$0037
TIM2 Channel 0

Register Low
(T2CH0L)

Read:
Bit 7 6 5 4 3 2 1 Bit 0

Write:
Reset: Indeterminate after reset

$0038
TIM2 Channel 1 Status

and Control Register
(T2SC1)

Read: CH1F
CH1IE

0
MS1A ELS1B ELS1A TOV1 CH1MAX

Write: 0
Reset: 0 0 0 0 0 0 0 0

$0039
TIM2 Channel 1

Register High
(T2CH1H)

Read:
Bit 15 14 13 12 11 10 9 Bit 8

Write:
Reset: Indeterminate after reset

$003A
TIM2 Channel 1

Register Low
(T2CH1L)

Read:
Bit 7 6 5 4 3 2 1 Bit 0

Write:
Reset: Indeterminate after reset

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0

= Unimplemented

Figure 8-2. TIM I/O Register Summary (Sheet 2 of 2)
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Setting MS0B disables the channel 1 status and control register and reverts TCH1 to general-purpose 
I/O.
Reset clears the MSxB bit.

1 = Buffered output compare/PWM operation enabled
0 = Buffered output compare/PWM operation disabled

MSxA — Mode Select Bit A
When ELSxB:ELSxA ≠ 0:0, this read/write bit selects either input capture operation or unbuffered 
output compare/PWM operation.
See Table 8-3.

1 = Unbuffered output compare/PWM operation
0 = Input capture operation

When ELSxB:ELSxA = 0:0, this read/write bit selects the initial output level of the TCHx pin. See 
Table 8-3. 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 TIM status and control register (TSC).

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 8-3 shows how ELSxB and ELSxA work. Reset clears 
the ELSxB and ELSxA bits.

Table 8-3. Mode, Edge, and Level Selection

MSxB:MSxA ELSxB:ELSxA Mode Configuration

X0 00

Output preset

Pin under port control; 
initial output level high

X1 00
Pin under port control; 
initial output level low

00 01

Input capture

Capture on rising edge only

00 10 Capture on falling edge only

00 11
Capture on rising or 

falling edge

01 01
Output compare 

or PWM

Toggle output on compare

01 10 Clear output on compare

01 11 Set output on compare

1X 01
Buffered output

compare or
buffered PWM

Toggle output on compare

1X 10 Clear output on compare

1X 11 Set output on compare
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M — Mode (Character Length) Bit
This read/write bit determines whether SCI characters are eight or nine bits long. (See Table 9-5.) The 
ninth bit can serve as an extra stop bit, as a receiver wakeup signal, or as a parity bit. Reset clears the 
M bit.

1 = 9-bit SCI characters
0 = 8-bit SCI characters

WAKE — Wakeup Condition Bit
This read/write bit determines which condition wakes up the SCI: a logic 1 (address mark) in the most 
significant bit 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 SCI starts counting logic 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 logic 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 SCI parity function. (See Table 9-5.) When enabled, the parity function 
inserts a parity bit in the most significant bit position. (See Figure 9-3.) Reset clears the PEN bit.

1 = Parity function enabled
0 = Parity function disabled

PTY — Parity Bit
This read/write bit determines whether the SCI generates and checks for odd parity or even parity. 
(See Table 9-5.) 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.

Table 9-5. Character Format Selection

Control Bits Character Format

M PEN and PTY
Start
Bits

Data
Bits

Parity
Stop
Bits

Character
Length

0 0X 1 8 None 1 10 bits

1 0X 1 9 None 1 11 bits

0 10 1 7 Even 1 10 bits

0 11 1 7 Odd 1 10 bits

1 10 1 8 Even 1 11 bits

1 11 1 8 Odd 1 11 bits
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NEIE — Receiver Noise Error Interrupt Enable Bit
This read/write bit enables SCI error CPU interrupt requests generated by the noise error bit, NE. 
Reset clears NEIE.

1 = SCI error CPU interrupt requests from NE bit enabled
0 = SCI error CPU interrupt requests from NE bit disabled

FEIE — Receiver Framing Error Interrupt Enable Bit
This read/write bit enables SCI error CPU interrupt requests generated by the framing error bit, FE. 
Reset clears FEIE.

1 = SCI error CPU interrupt requests from FE bit enabled
0 = SCI error CPU interrupt requests from FE bit disabled

PEIE — Receiver Parity Error Interrupt Enable Bit
This read/write bit enables SCI error CPU interrupt 
requests generated by the parity error bit, PE.
(See 9.8.4 SCI Status Register 1.) Reset clears PEIE.

1 = SCI error CPU interrupt requests from PE bit enabled
0 = SCI error CPU interrupt requests from PE bit disabled

9.8.4  SCI Status Register 1

SCI status register 1 (SCS1) contains flags to signal these conditions:
• Transfer of SCDR data to transmit shift register complete
• Transmission complete
• Transfer of receive shift register data to SCDR complete
• Receiver input idle
• Receiver overrun
• Noisy data
• Framing error
• Parity error

SCTE — SCI Transmitter Empty Bit
This clearable, read-only bit is set when the SCDR transfers a character to the transmit shift register. 
SCTE can generate an SCI transmitter CPU interrupt request. When the SCTIE bit in SCC2 is set, 
SCTE generates an SCI transmitter CPU interrupt request. In normal operation, clear the SCTE bit by 
reading SCS1 with SCTE set and then writing to SCDR. Reset sets the SCTE bit.

1 = SCDR data transferred to transmit shift register
0 = SCDR data not transferred to transmit shift register

Address: $016

Bit 7 6 5 4 3 2 1 Bit 0

Read: SCTE TC SCRF IDLE OR NF FE PE

Write:

Reset: 1 1 0 0 0 0 0 0

= Unimplemented

Figure 9-12. SCI Status Register 1 (SCS1)
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10.7.2  ADC Data Register

One 8-bit result register is provided. This register is updated each time an ADC conversion completes.

10.7.3  ADC Input Clock Register

This register selects the clock frequency for the ADC.

ADIV[2:0] — ADC Clock Prescaler Bits
ADIV[2:0] form a 3-bit field which selects the divide ratio used by the ADC to generate the internal ADC 
clock. Table 10-2 shows the available clock configurations. The ADC clock should be set to 
approximately 1MHz.

Address: $003D

Bit 7 6 5 4 3 2 1 Bit 0

Read: AD7 AD6 AD5 AD4 AD3 AD2 AD1 AD0

Write:

Reset: Indeterminate after reset

= Unimplemented

Figure 10-4. ADC Data Register (ADR)

Address: $003E

Bit 7 6 5 4 3 2 1 Bit 0

Read:
ADIV2 ADIV1 ADIV0

0 0 0 0 0

Write:

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 10-5. ADC Input Clock Register (ADICLK)

Table 10-2. ADC Clock Divide Ratio

ADIV2 ADIV1 ADIV0 ADC Clock Rate

0 0 0 Bus Clock ÷ 1

0 0 1 Bus Clock ÷ 2

0 1 0 Bus Clock ÷ 4

0 1 1 Bus Clock ÷ 8

1 X X Bus Clock ÷ 16

X = don’t care
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The vector fetch or software clear may occur before or after the interrupt pin returns to logic one. As long 
as the pin is low, the interrupt request remains pending. A reset will clear the latch and the MODE control 
bit, thereby clearing the interrupt even if the pin stays low.

When set, the IMASK bit in the INTSCR mask all external interrupt requests. A latched interrupt request 
is not presented to the interrupt priority logic unless the IMASK bit is clear.

NOTE
The interrupt mask (I) in the condition code register (CCR) masks all 
interrupt requests, including external interrupt requests. (See 5.5 Exception 
Control.)

Figure 12-1. IRQ Module Block Diagram

12.3.1  IRQ Pin

A logic zero on the IRQ pin can latch an interrupt request into the IRQ latch. A vector fetch, software clear, 
or reset clears the IRQ latch.

If the MODE bit is set, the IRQ pin is both falling-edge-sensitive and low-level-sensitive. With MODE set, 
both of the following actions must occur to clear IRQ:

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0

$001D
IRQ Status and Control

Register
(INTSCR)

Read: 0 0 0 0 IRQF 0
IMASK MODE

Write: ACK
Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 12-2. IRQ I/O Register Summary
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If the MODEK bit is clear, the keyboard interrupt pin is falling-edge-sensitive only. With MODEK clear, a 
vector fetch or software clear immediately clears the keyboard interrupt request.

Reset clears the keyboard interrupt request and the MODEK bit, clearing the interrupt request even if a 
keyboard interrupt pin stays at logic 0.

The keyboard flag bit (KEYF) in the keyboard status and control register can be used to see if a pending 
interrupt exists. The KEYF bit is not affected by the keyboard interrupt mask bit (IMASKK) which makes 
it useful in applications where polling is preferred.

To determine the logic level on a keyboard interrupt pin, disable the pull-up device, use the data direction 
register to configure the pin as an input and then read the data register.

NOTE
Setting a keyboard interrupt enable bit (KBIEx) forces the corresponding 
keyboard interrupt pin to be an input, overriding the data direction register. 
However, the data direction register bit must be a logic 0 for software to 
read the pin.

13.4.1  Keyboard Initialization

When a keyboard interrupt pin is enabled, it takes time for the internal pull-up to reach a logic 1. Therefore 
a false interrupt can occur as soon as the pin is enabled.

To prevent a false interrupt on keyboard initialization:
1. Mask keyboard interrupts by setting the IMASKK bit in the keyboard status and control register.
2. Enable the KBI pins by setting the appropriate KBIEx bits in the keyboard interrupt enable register.
3. Write to the ACKK bit in the keyboard status and control register to clear any false interrupts.
4. Clear the IMASKK bit.

An interrupt signal on an edge-triggered pin can be acknowledged immediately after enabling the pin. An 
interrupt signal on an edge- and level-triggered interrupt pin must be acknowledged after a delay that 
depends on the external load.

Another way to avoid a false interrupt:
1. Configure the keyboard pins as outputs by setting the appropriate DDRA bits in the data direction 

register A.
2. Write logic 1’s to the appropriate port A data register bits.
3. Enable the KBI pins by setting the appropriate KBIEx bits in the keyboard interrupt enable register.

13.5  Keyboard Interrupt Registers

Two registers control the operation of the keyboard interrupt module:
• Keyboard status and control register
• Keyboard interrupt enable register

13.5.1  Keyboard Status and Control Register
• Flags keyboard interrupt requests
• Acknowledges keyboard interrupt requests
• Masks keyboard interrupt requests
• Controls keyboard interrupt triggering sensitivity
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14.7.1  Wait Mode

The COP continues to operate during wait mode. To prevent a COP reset during wait mode, periodically 
clear the COP counter in a CPU interrupt routine.

14.7.2  Stop Mode

Stop mode turns off the ICLK input to the COP and clears the COP prescaler. Service the COP 
immediately before entering or after exiting stop mode to ensure a full COP timeout period after entering 
or exiting stop mode.

To prevent inadvertently turning off the COP with a STOP instruction, a configuration option is available 
that disables the STOP instruction. When the STOP bit in the configuration register has the STOP 
instruction is disabled, execution of a STOP instruction results in an illegal opcode reset.

14.8  COP Module During Break Mode

The COP is disabled during a break interrupt when VTST is present on the RST pin.
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17.3  Functional Operating Range

17.4  Thermal Characteristics

Table 17-2. Operating Range

Characteristic Symbol Value Unit

Operating temperature range TA – 40 to +125 – 40 to +85 °C

Operating voltage range VDD
—

5 ±10%
3 ±10%
5 ±10%

V

Table 17-3. Thermal Characteristics

Characteristic Symbol Value Unit

Thermal resistance
20-pin PDIP
20-pin SOIC
28-pin PDIP
28-pin SOIC
32-pin SDIP
32-pin LQFP

θJA

70
70
70
70
70
95

°C/W

I/O pin power dissipation PI/O User determined W

Power dissipation(1)

1. Power dissipation is a function of temperature.

PD
PD = (IDD × VDD) + PI/O = 

K/(TJ + 273 °C)
W

Constant(2)

2. K constant unique to the device. K can be determined for a known TA and measured PD.
With this value of K, PD and TJ can be determined for any value of TA.

K
PD x (TA + 273 °C) 

+ PD
2

 × θJA
W/°C

Average junction temperature TJ TA + (PD × θJA) °C
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17.10  3V Oscillator Characteristics

Figure 17-4. RC vs. Frequency (3V @25°C)

Table 17-9. Oscillator Specifications (3V)

Characteristic Symbol Min Typ Max Unit

Internal oscillator clock frequency fICLK 45k(1)

1. Typical value reflect average measurements at midpoint of voltage range, 25 °C only. See Figure 17-5 for plot.

Hz

External reference clock to OSC1 (2)

2. No more than 10% duty cycle deviation from 50%.

fOSC dc — 16M Hz

Crystal reference frequency (3)

3. Fundamental mode crystals only.

fXTALCLK — 16M Hz

Crystal load capacitance (4)

4. Consult crystal vendor data sheet.

CL — — —

Crystal fixed capacitance (3) C1 — 2 × CL —

Crystal tuning capacitance (3) C2 — 2 × CL —

Feedback bias resistor RB — 10 MΩ —

Series resistor (3), (5)

5. Not required for high frequency crystals.

RS — — —

External RC clock frequency fRCCLK 2M — 10M Hz

RC oscillator external R REXT See Figure 17-4 Ω
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3V @ 25°C


