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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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Input/Output (I/O) Section

A0

B0

0

D0

DRA0

DRB0

RC0

DRD0

SB0
Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0

$0000
Port A Data Register

(PTA)
See page 135.

Read:
PTA7 PTA6 PTA5 PTA4 PTA3 PTA2 PTA1 PT

Write:

Reset: Unaffected by reset

$0001
Port B Data Register

(PTB)
See page 138.

Read:
PTB7 PTB6 PTB5 PTB4 PTB3 PTB2 PTB1 PT

Write:

Reset: Unaffected by reset

$0002
Port C Data Register

(PTC)
See page 140.

Read: 1
PTC6 PTC5 PTC4 PTC3 PTC2 PTC1 PTC

Write:

Reset: Unaffected by reset

$0003
Port D Data Register

(PTD)
See page 142.

Read:
PTD7 PTD6 PTD5 PTD4 PTD3 PTD2 PTD1 PT

Write:

Reset: Unaffected by reset

$0004
Data Direction Register A

(DDRA)
See page 136.

Read:
DDRA7 DDRA6 DDRA5 DDRA4 DDRA3 DDRA2 DDRA1 D

Write:

Reset: 0 0 0 0 0 0 0 0

$0005
Data Direction Register B

(DDRB)
See page 138.

Read:
DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 D

Write:

Reset: 0 0 0 0 0 0 0 0

$0006
Data Direction Register C

(DDRC)
See page 140.

Read: 0
DDRC6 DDRC5 DDRC4 DDRC3 DDRC2 DDRC1 DD

Write:

Reset: 0 0 0 0 0 0 0 0

$0007
Data Direction Register D

(DDRD)
See page 143.

Read:
DDRD7 DDRD6 DDRD5 DDRD4 DDRD3 DDRD2 DDRD1 D

Write:

Reset: 0 0 0 0 0 0 0 0

$0008
Port E Data Register

(PTE)
See page 145.

Read: 0 0
PTE5 PTE4 PTE3 PTE2 PTE1 PTE0

Write:

Reset: Unaffected by reset

$0009
 ESCI Prescaler Register

(SCPSC)
See page 175.

Read:
PDS2 PDS1 PDS0 PSSB4 PSSB3 PSSB2 PSSB1 PS

Write:

Reset: 0 0 0 0 0 0 0 0

$000A
ESCI Arbiter Control
Register (SCIACTL)

See page 179.

Read:
AM1

ALOST
AM0 ACLK

AFIN ARUN AROVFL ARD8

Write:

Reset: 0 0 0 0 0 0 0 0

$000B
 ESCI Arbiter Data

Register (SCIADAT)
See page 180.

Read: ARD7 ARD6 ARD5 ARD4 ARD3 ARD2 ARD1 ARD0

Write:

Reset: 0 0 0 0 0 0 0 0

= Unimplemented R = Reserved U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 1 of 9)
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$0018
ESCI Data Register

 (SCDR)
See page 173.

Read: R7 R6 R5 R4 R3 R2 R1 R0

Write: T7 T6 T5 T4 T3 T2 T1 T0

Reset: Unaffected by reset

$0019
ESCI Baud Rate Register

(SCBR)
See page 174.

Read:
LINT LINR SCP1 SCP0 R SCR2 SCR1 SCR0

Write:

Reset: 0 0 0 0 0 0 0 0

$001A
Keyboard Status and Control

Register (INTKBSCR)
See page 118.

Read: 0 0 0 0 KEYF 0
IMASKK MODEK

Write: ACKK

Reset: 0 0 0 0 0 0 0 0

$001B
Keyboard Interrupt Enable

Register (INTKBIER)
See page 119.

Read:
KBIE7 KBIE6 KBIE5 KBIE4 KBIE3 KBIE2 KBIE1 KBIE0

Write:

Reset: 0 0 0 0 0 0 0 0

$001C
Timebase Module Control

Register (TBCR)
See page 224.

Read: TBIF
TBR2 TBR1 TBR0

0
TBIE TBON R

Write: TACK

Reset: 0 0 0 0 0 0 0 0

$001D
IRQ Status and Control

Register (INTSCR)
See page 112.

Read: 0 0 0 0 IRQF 0
IMASK MODE

Write: ACK

Reset: 0 0 0 0 0 0 0 0

$001E

Configuration Register 2
(CONFIG2)(1)

See page 90.

Read: 0
MCLKSEL MCLK1 MCLK0 R TMBCLK-

SEL
OSCENIN-

STOP SCIBDSRC
Write:

Reset: 0 0 0 0 0 0 0 1

$001F
Configuration Register 1

(CONFIG1)(1)

See page 91.

Read:
COPRS LVISTOP LVIRSTD LVIPWRD LVI5OR3� SSREC STOP COPD

Write:

Reset: 0 0 0 0 0 0 0 0

1. One-time writable register after each reset, except LVI5OR3 bit. LVI5OR3 bit is only reset via POR (power-on reset).

$0020
TIM1 Status and Control

Register (T1SC)
See page 234.

Read: TOF
TOIE TSTOP

0 0
PS2 PS1 PS0

Write: 0 TRST

Reset: 0 0 1 0 0 0 0 0

$0021
TIM1 Counter

 Register High (T1CNTH)
See page 235.

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

Write:

Reset: 0 0 0 0 0 0 0 0

$0022
TIM1 Counter

 Register Low (T1CNTL)
See page 235.

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

Write:

Reset: 0 0 0 0 0 0 0 0

$0023
TIM1 Counter Modulo

Register High (T1MODH)
See page 236.

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

Write:

Reset: 1 1 1 1 1 1 1 1

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

= Unimplemented R = Reserved U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 3 of 9)
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$FE03
 Break Flag Control Register

(BFCR)
See page 200.

Read:
BCFE R R R R R R R

Write:

Reset: 0 0 0 0 0 0 0 0

$FE04
Interrupt Status Register 1

(INT1)
See page 195.

Read: IF6 IF5 IF4 IF3 IF2 IF1 0 0

Write: R R R R R R R R

Reset: 0 0 0 0 0 0 0 0

$FE05
Interrupt Status Register 2

(INT2)
See page 195.

Read: IF14 IF13 IF12 IF11 IF10 IF9 IF8 IF7

Write: R R R R R R R R

Reset: 0 0 0 0 0 0 0 0

$FE06
Interrupt Status Register 3

(INT3)
See page 195.

Read: IF22 IF21 IF20 IF19 IF18 IF17 IF16 IF15

Write: R R R R R R R R

Reset: 0 0 0 0 0 0 0 0

$FE07
Interrupt Status Register 4

(INT4)
See page 196.

Read: 0 0 0 0 0 0 IF24 IF23

Write: R R R R R R R R

Reset: 0 0 0 0 0 0 0 0

$FE08
FLASH-2 Control Register

(FL2CR)
See page 50.

Read: 0 0 0 0
HVEN MASS ERASE PGM

Write:

Reset: 0 0 0 0 0 0 0 0

$FE09
Break Address Register High

(BRKH)
See page 265.

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

Write:

Reset: 0 0 0 0 0 0 0 0

$FE0A
Break Address Register Low

(BRKL)
See page 265.

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

Write:

Reset: 0 0 0 0 0 0 0 0

$FE0B
Break Status and Control

Register (BRKSCR)
See page 265.

Read:
BRKE BRKA

0 0 0 0 0 0

Write:

Reset: 0 0 0 0 0 0 0 0

$FE0C
LVI Status Register

(LVISR)
See page 129.

Read: LVIOUT 0 0 0 0 0 0 0

Write:

Reset: 0 0 0 0 0 0 0 0

$FE0D FLASH-2 Test Control
Register (FLTCR2)

Read:
R R R R R R R R

Write:

Reset: 0 0 0 0 0 0 0 0

$FE0E FLASH-1 Test Control
Register (FLTCR1)

Read:
R R R R R R R R

Write:

Reset: 0 0 0 0 0 0 0 0

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

= Unimplemented R = Reserved U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 8 of 9)



FLASH-1 Memory (FLASH-1)
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2.6.4  FLASH-1 Mass Erase Operation

Use this step-by-step procedure to erase the entire FLASH-1 memory:
1. Set both the ERASE bit and the MASS bit in the FLASH-1 control register (FL1CR).
2. Read the FLASH-1 block protect register (FL1BPR).

NOTE
Mass erase is disabled whenever any block is protected (FL1BPR does not 
equal $FF).

3. Write to any FLASH-1 address within the FLASH-1 array with any data.
4. Wait for a time, tNVS (minimum 10 �Ps).
5. Set the HVEN bit.
6. Wait for a time, tMERASE (minimum 4 ms).
7. Clear the ERASE and MASS bits.
8. Wait for a time, tNVHL (minimum 100 �Ps).
9. Clear the HVEN bit.

10. Wait for a time, tRCV, (typically 1 �Ps) after which the memory can be accessed in normal read mode.

NOTE
A. Programming and erasing of FLASH locations can not be performed by code being executed from the 

same FLASH array.

B. While these operations must be performed in the order shown, other unrelated operations may occur 
between the steps. However, care must be taken to ensure that these operations do not access any 
address within the FLASH array memory space such as the COP control register (COPCTL) at 
$FFFF.

C. It is highly recommended that interrupts be disabled during program/erase operations.



Memory
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2.7.5  FLASH-2 Page Erase Operation

Use this step-by-step procedure to erase a page (128 bytes) of FLASH-2 memory:
1. Set the ERASE bit and clear the MASS bit in the FLASH-2 control register (FL2CR).
2. Read the FLASH-2 block protect register (FL2BPR).
3. Write any data to any FLASH-2 address within the address range of the page (128 byte block) to 

be erased.
4. Wait for time, tNVS (minimum 10 �Ps).
5. Set the HVEN bit.
6. Wait for time, tERASE (minimum 1 ms or 4 ms).
7. Clear the ERASE bit.
8. Wait for time, tNVH (minimum 5 �Ps).
9. Clear the HVEN bit.

10. Wait for a time, tRCV, (typically 1 �Ps) after which the memory can be accessed in normal read mode.

NOTE
A. Programming and erasing of FLASH locations can not be performed by code being executed from the 

same FLASH array.

B. While these operations must be performed in the order shown, other unrelated operations may occur 
between the steps. However, care must be taken to ensure that these operations do not access any 
address within the FLASH array memory space such as the COP control register (COPCTL) at 
$FFFF.

C. It is highly recommended that interrupts be disabled during program/erase operations.

In applications that require more than 1000 program/erase cycles, use the 4 ms page erase specification 
to get improved long-term reliability. Any application can use this 4 ms page erase specification. However, 
in applications where a FLASH location will be erased and reprogrammed less than 1000 times, and 
speed is important, use the 1 ms page erase specification to get a shorter cycle time.



Clock Generator Module (CGM)
4.3.9  CGM External Connections

In its typical configuration, the CGM requires external components. Five of these are for the crystal 
oscillator and two or four are for the PLL.

The crystal oscillator is normally connected in a Pierce oscillator configuration, as shown in Figure 4-2. 
Figure 4-2 shows only the logical representation of the internal components and may not represent actual 
circuitry. The oscillator configuration uses five components:

� Crystal, X1
� Fixed capacitor, C1
� Tuning capacitor, C2 (can also be a fixed capacitor)
� Feedback resistor, RB
� Series resistor, RS 

The series resistor (RS) is included in the diagram to follow strict Pierce oscillator guidelines. Refer to the 
crystal manufacturer�s data for more information regarding values for C1 and C2.

Figure 4-2 also shows the external components for the PLL:
� Bypass capacitor, CBYP
� Filter network

Routing should be done with great care to minimize signal cross talk and noise. 

 
Figure 4-2. CGM External Connections

4.4  I/O Signals
The following paragraphs describe the CGM I/O signals.

OSC1

C1 C2

SIMOSCEN

CGMXCLK

RB

X1

RS
CBYP

OSC2 CGMXFC VDDA

Note: Filter network in box can be replaced with a single capacitor, but will degrade stability.

VDD

OSCENINSTOP
(FROM CONFIG)

RF1

VSSA

CF1 

CF2
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Interrupts
VRS7�VRS0 � VCO Range Select Bits
These read/write bits control the hardware center-of-range linear multiplier L which, in conjunction with 
E (See 4.3.3 PLL Circuits, 4.3.6 Programming the PLL, and 4.5.1 PLL Control Register.), controls the 
hardware center-of-range frequency, fVRS. VRS7�VRS0 cannot be written when the PLLON bit in the 
PCTL is set. (See 4.3.7 Special Programming Exceptions.) A value of $00 in the VCO range select 
register disables the PLL and clears the BCS bit in the PLL control register (PCTL). (See 4.3.8 Base 
Clock Selector Circuit and 4.3.7 Special Programming Exceptions.). Reset initializes the register to $40 
for a default range multiply value of 64.

NOTE
The VCO range select bits have built-in protection such that they cannot be 
written when the PLL is on (PLLON = 1) and such that the VCO clock 
cannot be selected as the source of the base clock (BCS = 1) if the VCO 
range select bits are all clear.

The PLL VCO range select register must be programmed correctly. 
Incorrect programming can result in failure of the PLL to achieve lock.

4.6  Interrupts
When the AUTO bit is set in the PLL bandwidth control register (PBWC), the PLL can generate a CPU 
interrupt request every time the LOCK bit changes state. The PLLIE bit in the PLL control register (PCTL) 
enables CPU interrupts from the PLL. PLLF, the interrupt flag in the PCTL, becomes set whether 
interrupts are enabled or not. When the AUTO bit is clear, CPU interrupts from the PLL are disabled and 
PLLF reads as 0.

Software should read the LOCK bit after a PLL interrupt request to see if the request was due to an entry 
into lock or an exit from lock. When the PLL enters lock, the VCO clock, CGMVCLK, divided by two can 
be selected as the CGMOUT source by setting BCS in the PCTL. When the PLL exits lock, the VCO clock 
frequency is corrupt, and appropriate precautions should be taken. If the application is not frequency 
sensitive, interrupts should be disabled to prevent PLL interrupt service routines from impeding software 
performance or from exceeding stack limitations.

NOTE
Software can select the CGMVCLK divided by two as the CGMOUT source 
even if the PLL is not locked (LOCK = 0). Therefore, software should make 
sure the PLL is locked before setting the BCS bit.

4.7  Special Modes
The WAIT instruction puts the MCU in low power-consumption standby modes.

4.7.1  Wait Mode

The WAIT instruction does not affect the CGM. Before entering wait mode, software can disengage and 
turn off the PLL by clearing the BCS and PLLON bits in the PLL control register (PCTL) to save power. 
Less power-sensitive applications can disengage the PLL without turning it off, so that the PLL clock is 
immediately available at WAIT exit. This would be the case also when the PLL is to wake the MCU from 
wait mode, such as when the PLL is first enabled and waiting for LOCK or LOCK is lost.
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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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Low-Power Modes
10.15  Exiting Stop Mode
These events restart the system clocks and load the program counter with the reset vector or with an 
interrupt vector:

� External reset � A low on the RST  pin resets the MCU and loads the program counter with the 
contents of locations $FFFE and $FFFF.

� External interrupt � A high-to-low transition on an external interrupt pin loads the program counter 
with the contents of locations:
� $FFFA and $FFFB; IRQ  pin
� $FFE0 and $FFE1; keyboard interrupt pins (low-to-high transition when KBIPx bits are set)

� Low-voltage inhibit (LVI) reset � A power supply voltage below the V TRIPF voltage resets the MCU 
and loads the program counter with the contents of locations $FFFE and $FFFF.

� Break interrupt � In emulation mode, a break inte rrupt loads the program counter with the contents 
of locations $FFFC and $FFFD.

� Timebase module (TBM) interrupt � A TBM interrupt loads the program counter with the contents 
of locations $FFDC and $FFDD when the timebase counter has rolled over. This allows the TBM 
to generate a periodic wakeup from stop mode.

Upon exit from stop mode, the system clocks begin running after an oscillator stabilization delay. A 12-bit 
stop recovery counter inhibits the system clocks for 4096 CGMXCLK cycles after the reset or external 
interrupt.

The short stop recovery bit, SSREC, in the CONFIG1 register controls the oscillator stabilization delay 
during stop recovery. Setting SSREC reduces stop recovery time from 4096 CGMXCLK cycles to 32 
CGMXCLK cycles.

NOTE
Use the full stop recovery time (SSREC = 0) in applications that use an 
external crystal unless the OSCENINSTOP bit is set.
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Functional Description
 
Figure 13-6. ESCI Receiver Block Diagram

13.4.3.1  Character Length

The receiver can accommodate either 8-bit or 9-bit data. The state of the M bit in ESCI control register 1 
(SCC1) determines character length. When receiving 9-bit data, bit R8 in ESCI control register 3 (SCC3) 
is the ninth bit (bit 8). When receiving 8-bit data, bit R8 is a copy of the eighth bit (bit 7).
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I/O Registers
SCTE � ESCI 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 ESCI transmitter CPU interrupt request. When the SCTIE bit in SCC2 is set, 
SCTE generates an ESCI 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

TC � Transmission Complete Bit
This read-only bit is set when the SCTE bit is set, and no data, preamble, or break character is being 
transmitted. TC generates an ESCI transmitter CPU interrupt request if the TCIE bit in SCC2 is also 
set. TC is cleared automatically when data, preamble, or break is queued and ready to be sent. There 
may be up to 1.5 transmitter clocks of latency between queueing data, preamble, and break and the 
transmission actually starting. Reset sets the TC bit.

1 = No transmission in progress
0 = Transmission in progress

SCRF � ESCI Receiver Full Bit
This clearable, read-only bit is set when the data in the receive shift register transfers to the ESCI data 
register. SCRF can generate an ESCI receiver CPU interrupt request. When the SCRIE bit in SCC2 is 
set the SCRF generates a CPU interrupt request. In normal operation, clear the SCRF bit by reading 
SCS1 with SCRF set and then reading the SCDR. Reset clears SCRF.

1 = Received data available in SCDR
0 = Data not available in SCDR

IDLE � Receiver Idle Bit
This clearable, read-only bit is set when 10 or 11 consecutive 1s appear on the receiver input. IDLE 
generates an ESCI receiver CPU interrupt request if the ILIE bit in SCC2 is also set. Clear the IDLE 
bit by reading SCS1 with IDLE set and then reading the SCDR. After the receiver is enabled, it must 
receive a valid character that sets the SCRF bit before an idle condition can set the IDLE bit. Also, after 
the IDLE bit has been cleared, a valid character must again set the SCRF bit before an idle condition 
can set the IDLE bit. Reset clears the IDLE bit.

1 = Receiver input idle
0 = Receiver input active (or idle since the IDLE bit was cleared)

OR � Receiver Overrun Bit
This clearable, read-only bit is set when software fails to read the SCDR before the receive shift 
register receives the next character. The OR bit generates an ESCI error CPU interrupt request if the 
ORIE bit in SCC3 is also set. The data in the shift register is lost, but the data already in the SCDR is 
not affected. Clear the OR bit by reading SCS1 with OR set and then reading the SCDR. Reset clears 
the OR bit.

1 = Receive shift register full and SCRF = 1
0 = No receiver overrun

Software latency may allow an overrun to occur between reads of SCS1 and SCDR in the flag-clearing 
sequence. Figure 13-14 shows the normal flag-clearing sequence and an example of an overrun 
caused by a delayed flag-clearing sequence. The delayed read of SCDR does not clear the OR bit 
because OR was not set when SCS1 was read. Byte 2 caused the overrun and is lost. The next 
flag-clearing sequence reads byte 3 in the SCDR instead of byte 2.
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I/O Registers
SCP1 and SCP0 � ESCI Baud Rate Register Prescaler Bits
These read/write bits select the baud rate register prescaler divisor as shown in Table 13-7. Reset 
clears SCP1 and SCP0.

SCR2�SCR0 � ESCI Baud Rate Select Bits
These read/write bits select the ESCI baud rate divisor as shown in Table 13-8. Reset clears 
SCR2�SCR0.

13.8.8  ESCI Prescaler Register

The ESCI prescaler register (SCPSC) together with the ESCI baud rate register selects the baud rate for 
both the receiver and the transmitter.

NOTE
There are two prescalers available to adjust the baud rate. One in the ESCI 
baud rate register and one in the ESCI prescaler register.

;

Table 13-7. ESCI Baud Rate Prescaling

SCP[1:0] Baud Rate Register
Prescaler Divisor (BPD)

0 0 1

0 1 3

1 0 4

1 1 13

Table 13-8. ESCI Baud Rate Selection

SCR[2:1:0] Baud Rate Divisor (BD)

0 0 0 1

0 0 1 2

0 1 0 4

0 1 1 8

1 0 0 16

1 0 1 32

1 1 0 64

1 1 1 128

Address: $0009

Bit 7 6 5 4 3 2 1 Bit 0

Read:
PDS2 PDS1 PDS0 PSSB4 PSSB3 PSSB2 PSSB1 PSSB0

Write:

Reset: 0 0 0 0 0 0 0 0

Figure 13-18. ESCI Prescaler Register (SCPSC)
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Chapter 15 
Serial Peripheral Interface (SPI) Module

15.1  Introduction
This section describes the serial peripheral interface (SPI) module, which allows full-duplex, synchronous, 
serial communications with peripheral devices.

The text that follows describes the SPI. The SPI I/O pin names are SS (slave select), SPSCK (SPI serial 
clock), MOSI (master out slave in), and MISO (master in/slave out). The SPI shares four I/O pins with four 
parallel I/O ports.

15.2  Features
Features of the SPI module include:

� Full-duplex operation
� Master and slave modes
� Double-buffered operation with separate transmit and receive registers
� Four master mode frequencies (maximum = bus frequency �y2)
� Maximum slave mode frequency = bus frequency
� Serial clock with programmable polarity and phase
� Two separately enabled interrupts:

� SPRF (SPI receiver full)
� SPTE (SPI transmitter empty)

� Mode fault error flag with CPU interrupt capability
� Overflow error flag with CPU interrupt capability
� Programmable wired-OR mode
� I/O (input/output) port bit(s) software configurable with pullup device(s) if configured as input port 

bit(s)

15.3  Functional Description
The SPI module allows full-duplex, synchronous, serial communication between the MCU and peripheral 
devices, including other MCUs. Software can poll the SPI status flags or SPI operation can be interrupt 
driven.

If a port bit is configured for input, then an internal pullup device may be enabled for that port bit.

The following paragraphs describe the operation of the SPI module. Refer to Figure 15-3 for a summary 
of the SPI I/O registers.
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Serial Peripheral In terface (SPI) Module
If the MODFEN bit is 0, the level of the SS pin does not affect the operation of an enabled SPI 
configured as a master. For an enabled SPI configured as a slave, having MODFEN low only prevents 
the MODF flag from being set. It does not affect any other part of SPI operation. See 15.6.2 Mode Fault 
Error.

SPR1 and SPR0 � SPI Baud Rate Select Bits
In master mode, these read/write bits select one of four baud rates as shown in Table 15-3. SPR1 and 
SPR0 have no effect in slave mode. Reset clears SPR1 and SPR0.

Use this formula to calculate the SPI baud rate:

15.12.3  SPI Data Register

The SPI data register consists of the read-only receive data register and the write-only transmit data 
register. Writing to the SPI data register writes data into the transmit data register. Reading the SPI data 
register reads data from the receive data register. The transmit data and receive data registers are 
separate registers that can contain different values. See Figure 15-2.

R7�R0/T7�T0 � Receive/Transmit Data Bits

NOTE
Do not use read-modify-write instructions on the SPI data register since the 
register read is not the same as the register written.

Table 15-3. SPI Master Baud Rate Selection

SPR1 and SPR0 Baud Rate Divisor (BD)

00 2

01 8

10 32

11 128

Address: $0012

Bit 7 6 5 4 3 2 1 Bit 0

Read: R7 R6 R5 R4 R3 R2 R1 R0

Write: T7 T6 T5 T4 T3 T2 T1 T0

Reset:  Unaffected by reset

Figure 15-16. SPI Data Register (SPDR)

Baud rate = BUSCLK
BD
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Timer Interface Module (TIM2)
CHxMAX � Channel x Maximum Duty Cycle Bit
When the TOVx bit is at a 1 and clear output on compare is selected, setting the CHxMAX bit forces 
the duty cycle of buffered and unbuffered PWM signals to 100%. As Figure 18-9 shows, the CHxMAX 
bit takes effect in the cycle after it is set or cleared. The output stays at 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 18-9. CHxMAX Latency

18.8.5  TIM2 Channel Registers

These read/write registers contain the captured TIM2 counter value of the input capture function or the 
output compare value of the output compare function. The state of the TIM2 channel registers after reset 
is unknown.

In input capture mode (MSxB:MSxA = 0:0), reading the high byte of the TIM2 channel x registers 
(T2CHxH) inhibits input captures until the low byte (T2CHxL) is read.

In output compare mode (MSxB:MSxA �z��0:0), writing to the high byte of the TIM2 channel x registers 
(T2CHxH) inhibits output compares until the low byte (T2CHxL) is written.

Address: $0031 T2CH0H

Bit 7 6 5 4 3 2 1 Bit 0

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

Write:

Reset: Indeterminate after reset

Address: $0032 T2CH0L

Bit 7 6 5 4 3 2 1 Bit 0

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

Write:

Reset: Indeterminate after reset

Figure 18-10. TIM2 Channel Registers (T2CH0H/L:T2CH5H/L) (Sheet 1 of 3)
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I/O Registers
Address: $0034 T2CH1H

Bit 7 6 5 4 3 2 1 Bit 0

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

Write:

Reset: Indeterminate after reset

Address: $0035 T2CH1L

Bit 7 6 5 4 3 2 1 Bit 0

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

Write:

Reset: Indeterminate after reset

Address: $0457 T2CH2H

Bit 7 6 5 4 3 2 1 Bit 0

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

Write:

Reset: Indeterminate after reset

Address: $0458 T2CH2L

Bit 7 6 5 4 3 2 1 Bit 0

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

Write:

Reset: Indeterminate after reset

Address: $045A T2CH3H

Bit 7 6 5 4 3 2 1 Bit 0

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

Write:

Reset: Indeterminate after reset

Address: $045B T2CH3L

Bit 7 6 5 4 3 2 1 Bit 0

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

Write:

Reset: Indeterminate after reset

Address: $045D T2CH4H

Bit 7 6 5 4 3 2 1 Bit 0

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

Write:

Reset: Indeterminate after reset

Address: $045E T2CH4L

Bit 7 6 5 4 3 2 1 Bit 0

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

Write:

Reset: Indeterminate after reset

Figure 18-10. TIM2 Channel Registers (T2CH0H/L:T2CH5H/L) (Sheet 2 of 3)
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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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