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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
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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Brackets

The square brackets, [ ], indicate a register or bus. 
Example. For the register R1[7:0], R1 is an 8-bit register, R1[7] is the most significant bit, 
and R1[0] is the least significant bit.

Braces

The curly braces { }, indicate a single register or bus created by concatenating some com-
bination of smaller registers, buses, or individual bits. 
Example. The 12-bit register address {0h, RP[7:4], R1[3:0]} is composed of a 4-bit hexa-
decimal value (0h) and two 4-bit register values taken from the register pointer (RP) and 
working register R1. 0h is the most significant nibble (4-bit value) of the 12-bit register, 
and R1[3:0] is the least significant nibble of the 12-bit register.

Parentheses

The parentheses ( ), indicate an indirect register address lookup. 
Example. (R1) is the memory location referenced by the address contained in the working 
register R1.

Parentheses/Bracket Combinations

The parentheses ( ), indicate an indirect register address lookup and the square brackets
[ ], indicate a register or bus. 
Example. Assume PC[15:0] contains the value 1234h. (PC[15:0]) refers to the contents 
of the memory location at the address 1234h.

Use of the Words Set, Reset, and Clear

The word set implies that a register bit or a condition contains a logical 1. The words reset 
or clear imply that a register bit or a condition contains a logical 0. When either of these 
terms is followed by a number, the word logical may not be included; however, it is 
implied.

Notation for Bits and Similar Registers

A field of bits within a register is designated as: Register[n:n]. 
Example. ADDR[15:0] refers to bit 15 through bit 0 of the address.
PS022012-1113 P R E L I M I N A R Y Brackets
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FF_E399 PWM 2 High Side Duty Cycle 
Low Byte

PWMH2DL 00 125

FF_E39A PWM 2 Low Side Duty Cycle 
High Byte

PWML2DH 00 124

FF_E39B PWM 2 Low Side Duty Cycle 
Low Byte

PWML2DL 00 125

FF_E39C-FF_E3BF Reserved for PWM — — —

DMA Block Base Address = FF_E400

DMA Request Selection Control

FF_E400 DMA0 Request Select DMA0REQSEL 00 282

FF_E401 DMA1 Request Select DMA1REQSEL 00 282

FF_E402 DMA2 Request Select DMA2REQSEL 00 282

FF_E403 DMA3 Request Select DMA3REQSEL 00 282

FF_E404-F Reserved — — —

DMA Channel 0 Base Address = FF_E410

FF_E410 DMA0 Control 0 DMA0CTL0 00 285

FF_E411 DMA0 Control 1 DMA0CTL1 00 285

FF_E412 DMA0 Transfer Length High DMA0TXLNH 00 286

FF_E413 DMA0 Transfer Length Low DMA0TXLNL 00 287

FF_E414 Reserved — — —

FF_E415 DMA0 Destination Address 
Upper

DMA0DARU 00 287

FF_E416 DMA0 Destination Address 
High

DMA0DARH 00 287

FF_E417 DMA0 Destination Address 
Low

DMA0DARL 00 287

FF_E418 Reserved — — —

FF_E419 DMA0 Source Address Upper DMA0SARU 00 288

FF_E41A DMA0 Source Address High DMA0SARH 00 288

FF_E41B DMA0 Source Address Low DMA0SARL 00 288

FF_E41C Reserved — — —

FF_E41D DMA0 List Address Upper DMA0LARU 00 289

FF_E41E DMA0 List Address High DMA0LARH 00 289

FF_E41F DMA0 List Address Low DMA0LARL 00 289

Table 6. Register File Address Map (Continued)

Address (Hex) Register Description Mnemonic Reset (Hex) Page No

XX = Undefined.
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tem clock cycles, the device progresses through the System Reset sequence. While the 
RESET input pin is asserted Low, the ZNEO Z16F Series device continues to be held in 
the Reset state. If the RESET pin is held Low beyond the System Reset time-out, the 
device exits the Reset state 16 system clock cycles following RESET pin deassertion. If 
the RESET pin is released before the System Reset time-out, the RESET pin is driven 
Low by the chip until the completion of the time-out as described in the next section. In 
Stop Mode, the digital filter is bypassed as the system clock is disabled.

Following a System Reset initiated by the external RESET pin, the EXT status bit in the 
Reset Status and Control Register is set to 1.

External Reset Indicator

During System Reset, the RESET pin functions as an open drain (active Low) RESET 
Mode indicator in addition to the input functionality. This Reset output feature allows a 
ZNEO Z16F Series device to Reset other components to which it is connected, even if the 
Reset is caused by internal sources such as POR, VBO or WDT events and as an indica-
tion of when the reset sequence completes.

After an internal reset event occurs, the internal circuitry begins driving the RESET pin 
Low. The RESET pin is held Low by the internal circuitry until the appropriate delay 
listed in Table 18 on page 56 has elapsed.

User Reset

A System Reset is initiated by setting RSTSCR[0]. If the Write was caused by the OCD, 
the OCD is not Reset. 

Fault Detect Logic Reset

Fault detect circuitry exists to detect illegal state changes which is caused by transient 
power or electrostatic discharge events. When such a fault is detected, a system reset is 
forced. Following the system reset, the FLTD bit in the Reset Status and Control Register 
is set.

Stop Mode Recovery

Stop Mode is entered by execution of a Stop instruction by the ZNEO CPU. For detailed 
information about Stop Mode, see the Low-Power Modes chapter on page 64. During Stop 
Mode Recovery, the device is held in Reset for 66 cycles of the internal precision oscilla-
tor. 
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Stop Mode Recovery only affects the contents of the the Reset Status and Control Register 
(see page 62) and the Oscillator Control Register (see page 333). Stop Mode Recovery 
does not affect any other values in the register file, including the stack pointer, register 
pointer, flags, peripheral control registers and general-purpose RAM. 

The ZNEO CPU fetches the Reset vector at program memory addresses 0004h-0007h 
and loads that value into the program counter. Program execution begins at the Reset vec-
tor address. Following Stop Mode Recovery, the Stop bit in the Reset Status and Control 
Register is set to 1. Table 20 lists the Stop Mode Recovery sources and resulting actions. 
The following text provides more detailed information about each of the Stop Mode 
Recovery sources.

Stop Mode Recovery Using WDT Time-Out

If the WDT times out during Stop Mode, the device undergoes a Stop Mode Recovery 
sequence. In the Reset Status and Control Register, the WDT and Stop bits are set to 1. If 
the WDT is configured to generate a System Exception on time-out, the ZNEO CPU ser-
vices the WDT System Exception following the normal Stop Mode Recovery sequence.

Stop Mode Recovery Using a GPIO Port Pin Transition

Each of the GPIO port pins is configured as a Stop Mode Recovery input source. If any 
GPIO pin enabled as a Stop Mode Recovery source, a change in the input pin value (from 
High to Low or from Low to High) initiates Stop Mode Recovery. The GPIO Stop Mode 
Recovery signals are filtered to reject pulses less than 10 ns (typical) in duration. In the 
Reset Status and Control Register, the Stop bit is set to 1.

Short pulses on the port pin initiates Stop Mode Recovery without initiating an interrupt 
(if enabled for that pin).

Table 20. Stop Mode Recovery Sources and Resulting Action 

Operating 
Mode Stop Mode Recovery Source Action

Stop Mode WDT time-out when configured for Reset Stop Mode Recovery

WDT time-out when configured for System 
Exception

Stop Mode Recovery followed by WDT Sys-
tem Exception

Data transition on any GPIO Port pin 
enabled as a Stop Mode Recovery source

Stop Mode Recovery

Caution:
PS022012-1113 P R E L I M I N A R Y Stop Mode Recovery Using WDT Time-Out
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where minPulseOut is the shortest allowed pulse width on the PWM outputs (in seconds).

Synchronization of PWM and ADC

The ADC on the ZNeo is synchronized with the PWM period. Enabling the PWM ADC 
trigger causes the PWM to generate an ADC conversion signal at the end of each PWM 
period. Additionally, in CENTER-ALIGNED Mode, the PWM generates a trigger at the 
center of the period. Setting the ADCTRIG bit in the PWM Control 0 Register 
(PWMCTL0) enables the ADC synchronization.

Synchronized Current-Sense Sample and Hold

The PWM controls the current-sense input sample and hold amplifier. The signal control-
ling the sample/hold is configured to always sample or automatically hold when any or all 
of the PWM High or Low outputs are in the on state. The current-sense sample and hold is 
controlled by the Current-Sense Sample and Hold Control Register (CSSHR0 and 
CSSHR1).

PWM Timer and Fault Interrupts

The PWM generates interrupts to the ZNEO CPU during any of the following events:

• PWM Reload, in which the interrupt is generated at the end of a PWM period when a 
PWM register reload occurs

• PWM Fault, in which a fault condition is indicated by asserting any FAULT pins or by 
the assertion of the comparator

Fault Detection and Protection

The ZNEO contains hardware and software fault controls, which allow rapid deassertion 
of all enabled PWM output signals. A logic Low on an external fault pin (FAULT0 or 
FAULT1) or the assertion of the over current comparator forces the PWM outputs to the 
predefined off-state.

Similar deassertion of the PWM outputs is accomplished in software by writing to the 
PWMOFF bit in the PWM Control 0 Register. The PWM counter continues to operate 
while the outputs are deasserted (inactive) due to one of these fault conditions.

The fault inputs are individually enabled through the PWM Fault Control Register. If a 
fault condition is detected and the source is enabled, the fault interrupt is generated. The 

roundup PWMMPF  TminPulseOut TsystemClock PWMprescaler =
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PWM Fault Status Register (PWMFSTAT) is read to determine which fault source caused 
the interrupt.

When a fault is detected and the PWM outputs are disabled, modulator control of the 
PWM outputs are reenabled either by the software or by the fault input signal deasserting. 
Selection of the reenable method is made using the PWM Fault Control Register (PWM-
FCTL). Configuration of the fault modes and reenable methods allow pulse-by-pulse lim-
iting and hard shutdown. When configured in Automatic Restart Mode, the PWM outputs 
are reengaged at beginning of the next PWM cycle (master timer value is equal to 0) if all 
fault signals are deasserted. In software controlled restart, all fault inputs must be deas-
serted and the fault flags must be cleared.

The fault input pin is Schmitt-triggered. The input signal from the pin as well as the com-
parators pass though an analog filter to reject high-frequency noise. 

The logic path from the fault sources to the PWM output is asynchronous ensuring that the 
fault inputs forces the PWM outputs to their off-state even if the system clock is stopped.

PWM Operation in CPU Halt Mode

When the ZNEO CPU is operating in Halt Mode, the PWM continues to operate if it is 
enabled. To minimize current in Halt Mode, the PWM must be disabled by clearing the 
PWMEN bit to 0.

PWM Operation in CPU Stop Mode

When the ZNEO CPU is operating in Stop Mode, the PWM is disabled as the system 
clock ceases to operate in Stop Mode. The PWM output remains in the same state as they 
were prior to entering the Stop Mode. In normal operation, the PWM outputs must be dis-
abled by software prior to the CPU entering the Stop Mode. A fault condition detected in 
Stop Mode forces the PWM outputs to the predefined off-state.

Observing the State of PWM Output Channels

The logic value of the PWM outputs is sampled by reading the PWMIN Register. If a 
PWM channel pair is disabled (option bit is not set), the associated PWM outputs are 
forced to high impedance and are used as general purpose inputs. 

PWM Control Register Definitions

The following sections describe the various PWM control registers.
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PWM Control 0 Register

The PWM Control 0 Register (PWMCTL0) controls PWM operation.

Table 69. PWM 0–2 H/L Duty Cycle Low Byte Register (PWMHxDL, PWMLxDL)

Bits 7 6 5 4 3 2 1 0

Field DUTYL

RESET XXH

R/W R/W

Addr FF_E391h, FF_E393h, FF_E395h, FF_E397h, FF_E399h, FF_E39Bh

Bit Description

[7:0]
DUTYL

PWM Duty Cycle High and Low Bytes
The lower byte of two bytes {DUTYH[7:0], DUTYL[7:0]} that form a 14-bit signed value; bits 
5 and 6 of the High byte are always 0. The value is compared to the current 12-bit PWM 
count.

Table 70. PWM Control 0 Register (PWMCTL0)

Bits 7 6 5 4 3 2 1 0

Field PWMOFF OUTCTL ALIGN Reserved ADCTRIG Reserved READY PWMEN

RESET 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Addr FF_E380h

Bit Description 

[7]
PWMOFF

Place PWM Outputs in Off State
0 = Disable modulator control of PWM pins. Outputs are in predefined off state; not depen-
dent on the Reload event.
1 = Reenable modulator control of PWM pins at next PWM Reload event.

[6]
OUTCTL

PWM Output Control
0 = PWM outputs are controlled by the pulse-width modulator. 
1 = PWM outputs selectively disabled (set to off-state) according to values in the OUTx bits 
of the PWMOUT Register.

[5]
ALIGN

PWM Edge Alignment
0 = PWM outputs are edge aligned.
1 = PWM outputs are center aligned.

[4] Reserved
This bit is reserved and must be programmed to 0.
PS022012-1113 P R E L I M I N A R Y PWM Control 0 Register
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1. Check the LIN-UART Status 0 Register to determine whether the source of the inter-
rupt is error, break, or received data.

2. If the interrupt was due to data available, read the data from the LIN-UART Receive 
Data Register. If operating in MULTIPROCESSOR (9-Bit) Mode, further actions are 
required depending on the Multiprocessor Mode bits MPMD[1:0].

3. Execute the IRET instruction to return from the ISR and await more data.

Clear To Send Operation

The clear to send (CTS) pin, if enabled by the CTSE bit of the LIN-UART Control 0 Reg-
ister, performs flow control on the outgoing transmit data stream. The CTS input pin is 
sampled one system clock before beginning any new character transmission. To delay 
transmission of the next data character, an external receiver must deassert CTS at least one 
system clock cycle before a new data transmission begins. For multiple character trans-
missions, this operation is typically performed during the Stop bit transmission. If CTS 
deasserts in the middle of a character transmission, the current character is sent com-
pletely.

External Driver Enable

The LIN-UART provides a Driver Enable (DE) signal for off-chip bus transceivers. This 
feature reduces the software overhead associated with using a GPIO pin to control the 
transceiver when communicating on a multi-transceiver bus such as RS-485.

Driver Enable is a programmable polarity signal which envelopes the entire transmitted 
data frame including parity and stop bits as illustrated in Figure 27. The DE signal asserts 
when a byte is written to the LIN-UART Transmit Data Register. The DE signal asserts at 
least one bit period and no greater than two bit periods before the Start bit is transmitted. 
This allows a set-up time to enable the transceiver. The DE signal deasserts one system 
clock period after the last Stop bit is transmitted. This one system clock delay allows both 
time for data to clear the transceiver before disabling it, as well as the ability to determine 
if another character follows the current character. In the event of back to back characters 
(new data must be written to the Transmit Data Register before the previous character is 
completely transmitted) the DE signal is not deasserted between characters. The DEPOL 
bit in the LIN-UART Control Register 1 sets the polarity of the DE signal.
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LIN Control Register (LIN-UART Control 1 Register with MSEL = 010b)

When MSEL = 010b, this register, shown in Table 92, provides control for the LIN Mode 
of operation.

Table 92. LIN Control Register (UxCTL1 with MSEL = 010b)

Bits 7 6 5 4 3 2 1 0

Field LMST LSLV ABEN ABIEN LINSTATE[1:0] TxBreakLength

RESET 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Addr FF‒E203h, FF‒E213h with MSEL = 010b

Bit Description 

[7]
LMST

LIN Master Mode
0 = LIN Master Mode not selected.
1 = LIN Master Mode selected (if MPEN, PEN, LSLV = 0)

[6]
LSLV

LIN Slave Mode
0 = LIN Slave Mode not selected.
1 = LIN Slave Mode selected (if MPEN, PEN, LMST = 0)

[5]
ABEN

Autobaud Enable
0 = Autobaud not enabled.
1 = Autobaud enabled if in LIN Slave Mode.

[4]
ABIEN

Autobaud Interrupt Enable
0 = Interrupt following autobaud does not occur.
1 = Interrupt following autobaud enabled if in LIN Slave Mode. When the autobaud char-
acter is received, a receive interrupt is generated and the ATB bit is set in the Status 0 
Register.

[3:2]
LINSTATE[1:0]

LIN State Machine
The LinState is controlled by both hardware and software. Software force a state change 
at any time if necessary. In normal operation, software moves the state in and out of 
Sleep state. For a LIN Slave, software changes the state from Sleep to Wait for Break 
after which hardware cycles through the Wait for Break, Autobaud and Active states. 
Software changes the state from one of the active states to Sleep state if the LIN bus 
goes into Sleep Mode. For a LIN Master, software changes state from Sleep to Active 
where it remains until software sets it back to the Sleep state. After configuration software 
does not alter the LinState field during operation.
00 = Sleep State (either LMST or LSLV is set)
01 = Wait for Break state (only valid for LSLV = 1)
10 = Autobaud state (only valid for LSLV = 1)
11 = Active state (either LMST or LSLV is set)
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Watchdog Timer

The Watchdog Timer (WDT) helps protect against corrupt or unreliable software, power 
faults and other system-level problems which places the ZNEO® Z16F Series device into 
unsuitable operating states. 

The WDT includes the following features:

• On-chip RC oscillator

• A selectable time-out response: short reset or system exception

• 16-bit programmable time-out value

Operation

The WDT is a retriggerable one-shot timer that resets or interrupts the ZNEO Z16F Series 
device, when the WDT reaches its terminal count. The WDT uses its own dedicated on-
chip RC oscillator as its clock source. The WDT has only two modes of operation—on 
and off. After enabled, it always counts and must be refreshed to prevent a time-out. An 
enable is performed by executing the WDT instruction or by setting the WDT_AO option 
bit. The WDT_AO bit enables the WDT to operate all of the time, even if a WDT instruc-
tion has not been executed.

To minimize power consumption, the RC oscillator is disabled. The RC oscillator is dis-
abled by clearing the WDTEN bit in the Oscillator Control Register. If the RC oscillator is 
disabled, the WDT will not operate. 

The WDT is a 16-bit reloadable downcounter that uses two 8-bit registers in the ZNEO 
CPU register space to set the reload value. The nominal WDT time-out period is illus-
trated by the following equation:

In the equation above, the WDT reload value is the decimal value of the 16-bit value 
yielded by {WDTH[7:0], WDTL[7:0]} and the typical Watchdog Timer RC oscillator fre-
quency is 10 kHz. Table 123 provides approximate time-out delays for the minimum, 
default and maximum WDT reload values.

WDT Time-out Period (ms) WDT Reload Value
10

------------------------------------------------=
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Operation

The Flash Controller provides the proper signals and timing for the Word programming, 
Page Erase and Mass erase functions within Flash memory. The Flash Controller contains 
a protection mechanism, using the Flash Command Register (FCMD), to prevent acciden-
tal programming or erasure. The following subsections provide details about the various 
operations (Lock, Unlock, Sector Protect, Byte Programming, Page Erase and Mass 
Erase).

 Timing Using the Flash Frequency Register

Before performing a program or erase operation on the Flash memory, you must first 
configure the Flash Frequency Register. The Flash Frequency Register allows program-
ming and erasure of the Flash with system clock frequencies ranging from 32 kHz through 
20 MHz (the valid range is limited to the device operating frequencies). 

The 16-bit Flash Frequency Register must be written with the system clock frequency in 
kHz before a program or erase operation is initiated. This value is calculated using the fol-
lowing equation:

Flash programming and erasure is not supported for system clock frequencies below 
32 kHz, above 20 MHz, or outside of the device operating frequency range. The Flash 
Frequency Register must be loaded with the correct value to ensure proper Flash pro-
gramming and erase operations.

Table 138. ZNEO Z16F Series Information Area Map 

Program Memory Address (Hex) Function

000000h–00003Fh Reserved.

000040h–000053h Part Number: 20-character ASCII alphanumeric code, 
left-justified and padded with zeros.

000054h–00007Fh Reserved.

FFREQ[15:0] System Clock Frequency (Hz)
1000

------------------------------------------------------------------------=

Caution:
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• When the upper eight bits of the transfer length equal zero and the lower eight bits of 
the transfer length is equal to the DMAxLAR[23:16] and the DMA is in DIRECT Mode

• If a buffer has been terminated by a Request EOF

For additional information about interrupts, see the Interrupt Controller chapter on page 
80.

DMA Request Select Register

The DMA Request Select Register, shown in Table 148, governs the state of the DMA 
Channel.

Table 148. DMA Select Register (DAMxREQSEL)

Bits 7 6 5 4 3 2 1 0

Field CHANSTATE REQSEL

RESET 0 0 0 0 0 0 0 0

R/W R R R R R/W R/W R/W R/W

Addr FFE400h, FFE401h, FFE402h, FFE403h

Bit Description 

[7:4]
CHANSTATE

Channel State 
0000 = DMA Off
0001 = DIRECT Mode, Waiting for End of Frame signal
0010 = LINKED LIST Mode, Waiting for End of Frame signal
0011 = Reserved
0100 = DIRECT Mode, First byte transfer, send command
0101 = LINKED LIST Mode, First byte transfer, send command
0110 = DIRECT Mode, Transfer of buffer in progress
0111 = LINKED LIST Mode, Transfer of buffer in progress
1000 = DIRECT Mode, Close Descriptor
1001 = LINKED LIST Mode, New List
1010 = LINKED LIST Mode, Close Descriptor
1011-1111 = Reserved
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Table 161. Option Bits At Program Memory Address 0000h

Bits 7 6 5 4 3 2 1 0

Field OSC_SEL[1:0] WDT_RES WDT_AO VBO_AO DBGUART FWP RP

RESET U U U U U U U U

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Addr Program Memory 0000h

Note: U = Unchanged by Reset. R/W = Read/Write.

Bit Description 

[7:6]
OSC_SEL[1:0]

Oscillator Mode Selection
00 = On-chip oscillator configured for use with external RC networks (<4 MHz).
01 = Minimum power for use with very low frequency crystals (32 kHz to 1.0 MHz).
10 = Medium power for use with medium frequency crystals or ceramic resonators 

(0.5 MHz to 10.0 MHz).
11 = Maximum power for use with high frequency crystals (8.0 MHz to 20.0 MHz). This 

setting is the default for unprogrammed (erased) Flash. 

[5]
WDT_RES

WDT Reset
0 = WDT time-out generates an interrupt request. Interrupts must be globally enabled for 

the ZNEO CPU to acknowledge the interrupt request.
1 = WDT time-out causes a Short Reset. This setting is the default for unprogrammed 

(erased) Flash.

[4]
WDT_AO

WDT Always On
0 = WDT is automatically enabled after reset. The WDT oscillator is disabled by clearing 

the WDTEN bit in the OSCCTL Register.
1 = WDT is enabled upon execution of the WDT instruction. The WDT oscillator is dis-

abled by clearing the WDTEN bit in the OSCCTL Register.

[3]
VBO_AO

Voltage Brown-Out Protection Always On
0 = Voltage Brown-Out protection is disabled in Stop Mode to reduce total power con-

sumption.
1 = Voltage Brown-Out protection is always enabled, including during Stop Mode. This 

setting is the default for unprogrammed (erased) Flash.

[2]
DBGUART

Debug UART Enable
0 = The Debug UART option is enabled.
1 = The Debug UART option is disabled.
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Control Register

The Control Register (DBGCTL), shown in Table 175, sets the mode of the serial inter-
face.

[2]
TXCOL

Transmit Collision
This bit is set when a Transmit Collision occurs. This bit is cleared by writing a one to this bit.
0 = No collision has been detected.
1 = Transmit Collision has been detected.

[1]
RXBUSY

Receiver Busy
This bit is set when the receiver is receiving the data. Multi-master systems uses this bit to 
ensure the line is idle before sending the data. 
0 = Receiver is idle.
1 = Receiver is receiving data.

[0]
TXBUSY

Transmitter Busy
This bit is set when the transmitter is sending the data. This bit is used to determine when to 
turn off a transceiver for RS-485 applications.
0 = Transmitter is idle.
1 = Transmitter is sending the data.

Table 175. Control Register (DBGCTL)

Bits 7 6 5 4 3 2 1 0

Field OCDLOCK OCDEN Reserved CRCEN UARTEN ABCHAR ABSRCH

RESET 1 1 00 1 0 0 1

R/W R/W R/W R R/W R/W R/W R/W

Addr FF_E086

Bit Description 

[7]
OCDLOCK

On-Chip Debug Lock
This bit locks the Debug Control register so it cannot be written by the CPU. This bit is auto-
matically set if the DBGUART option bit is in its default erased state (one). 
0 = Debug Control register unlocked.
1 = Debug Control register locked.

[6]
OCDEN

On-Chip Debug Enable
This bit is set when the OCD is enabled. When this bit is set, received data is interpreted as 
debug command. To use the DBG pin as a UART or GPIO pin, this bit must be cleared to 0 
by software. This bit cannot be written by the CPU if OCDLOCK is set.
0 = OCD is disabled.
1 = OCD is enabled.

Bit Description (Continued)
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Table 183. Oscillator Control Register (OSCCTL)

Bits 7 6 5 4 3 2 1 0

Field INTEN XTLEN WDTEN POFEN WDFEN FLPEN SCKSEL

RESET 1 0 1 0 0 0* 00

R/W R/W R/W R/W R/W R/W R/W R/W

Addr FF_E0A0h

Note: *The reset value is 1 if the option bit LPOPT is 0.

Bit Description

[7]
INTEN

Internal Precision Oscillator Enable
0 = Internal precision oscillator is disabled.
1 = Internal precision oscillator is enabled.

[6]
XTLEN

Crystal Oscillator Enable
0 = Crystal oscillator is disabled.
1 = Crystal oscillator is enabled.

[5]
WDTEN

WDT Oscillator Enable
0 = WDT oscillator is disabled.
1 = WDT oscillator is enabled.

[4]
POFEN

Primary Oscillator Failure Detection Enable
0 = Failure detection and recovery of primary oscillator is disabled. This bit is cleared automat-

ically if a primary oscillator failure is detected.
1 = Failure detection and recovery of primary oscillator is enabled.

[3]
WDFEN

WDT Oscillator Failure Detection Enable
0 = Failure detection of WDT oscillator is disabled.This bit is cleared automatically if a WDT 

oscillator failure is detected.
1 = Failure detection of WDT oscillator is enabled.

[2]
FLPEN

Flash Low Power Mode Enable
0 = Flash Low Power Mode is disabled.
1 = Flash Low Power Mode is enabled. The Flash will be powered down during idle periods of 

the clock and powered up during Flash reads. This bit must only be set if the frequency of 
the primary oscillator source is 8 MHz or lower. The reset value of this bit is controlled by 
the LPOPT option bit during reset.

[1:0]
SCKSEL

System Clock Oscillator Select
00 = Internal precision oscillator functions as system clock at 5.6 MHz.
01 = Crystal oscillator or external clock driver functions as system clock.
10 = Reserved.
11 = Watchdog Timer oscillator functions as system clock.
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Electrical Characteristics

All data in this chapter is prequalification and precharacterization and is subject to change.

Absolute Maximum Ratings

Stress greater than those listed in Table 185 may cause permanent damage to the device. 
These ratings are stress ratings only. Operation of the device at any condition outside those 
indicated in the operational sections of these specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods affects device reliability. For 
improved reliability, unused inputs must be tied to one of the supply voltages (VDD or 
VSS).

Table 185. Absolute Maximum Ratings 

Parameter Minimum Maximum Units Notes

Ambient temperature under bias –40 +125 C

Storage temperature –65 +150 C

Voltage on any pin with respect to VSS –0.3 +5.5 V 1

Voltage on VDD pin with respect to VSS –0.3 +3.6 V 2

Maximum current on input and/or inactive output pin –5 +5 µA

Maximum output current from active output pin –25 +25 mA

100-Pin LQFP Maximum Ratings at –40°C to 70°C

Total power dissipation 1325 mW

Maximum current into VDD or out of VSS 368 mA

100-Pin LQFP Maximum Ratings at 70°C to 125°C

Total power dissipation 482 mW

Maximum current into VDD or out of VSS 134 mA

80-Pin QFP Maximum Ratings at –40°C to 70°C

Total power dissipation 550 mW

Maximum current into VDD or out of VSS 150 mA

80-Pin QFP Maximum Ratings at 70°C to 125°C

Total power dissipation 200 mW

Notes:
1. This voltage applies to 5 V tolerant pins which are Port A, C, D, E, F and G pins (except pins PC0 and PC1).
2. This voltage applies to VDD, AVDD, pins supporting analog input (Ports B and H), Pins PC0 and PC1, RESET, 

DBG and XIN pins which are non 5 V tolerant pins.
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Figure 78. SPI Slave Mode Timing

Table 198. SPI Slave Mode Timing 

Parameter Description

Delay (ns)

Min Max

SPI Slave

T1 SCK (transmit edge) to MISO output Valid Delay 2 * XIN period 3 * XIN period 
+ 20 ns

T2 MOSI input to SCK (receive edge) Setup Time 0

T3 MOSI input to SCK (receive edge) Hold Time 3 * XIN period

T4 SS input assertion to SCK setup 1 * XIN period

SCK

MISO

T1

(Output)

MOSI

T2 T3

(Input)

Output Data

Input Data

SS
(Input)

T4
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