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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"

Obsolete

dsPIC

16-Bit

60 MIPs

CANbus, I2C, IrDA, LINbus, QEI, SPI, UART/USART
Brown-out Detect/Reset, DMA, Motor Control PWM, POR, PWM, WDT
21

256KB (85.5K x 24)

FLASH

16K x 16

3V ~ 3.6V

A/D 6x10b/12b

Internal

-40°C ~ 150°C (TA)

Through Hole

28-DIP (0.300", 7.62mm)

28-SPDIP
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

3.5 Programmer’s Model

The programmer’s model for the
dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X
and PIC24EPXXXGP/MC20X is shown in Figure 3-2.
All registers in the programmer’s model are memory
mapped and can be manipulated directly by
instructions. Table 3-1 lists a description of each
register.

In addition to the registers contained in the
programmer’s model, the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and PIC24EPXXXGP/

MC20X devices contain control registers for Modulo
Addressing (dsPIC33EPXXXMC20X/50X  and
dsPIC33EPXXXGP50X devices only), Bit-Reversed
Addressing (dsPIC33EPXXXMC20X/50X and
dsPIC33EPXXXGP50X devices only) and interrupts.
These registers are described in subsequent
sections of this document.

All registers associated with the programmer’s model
are memory mapped, as shown in Table 4-1.

TABLE 3-1:

PROGRAMMER’S MODEL REGISTER DESCRIPTIONS

Register(s) Name

Description

WO through W15

Working Register Array

ACCA, ACCB 40-Bit DSP Accumulators

PC 23-Bit Program Counter

SR ALU and DSP Engine STATUS Register

SPLIM Stack Pointer Limit Value Register

TBLPAG Table Memory Page Address Register

DSRPAG Extended Data Space (EDS) Read Page Register
DSWPAG Extended Data Space (EDS) Write Page Register
RCOUNT REPEAT Loop Count Register

DCOUNT® DO Loop Count Register

DOSTARTH®2 DOSTARTL(:2)

DO Loop Start Address Register (High and Low)

DOENDH®, DOENDL®)

DOLoop End Address Register (High and Low)

CORCON

Contains DSP Engine, DO Loop Control and Trap Status bits

Note 1: This register is available on dsPIC33EPXXXMC20X/50X and dsPIC33EPXXXGP50X devices only.
2: The DOSTARTH and DOSTARTL registers are read-only.

© 2011-2013 Microchip Technology Inc.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

FIGURE 4-4: PROGRAM MEMORY MAP FOR dsPIC33EP256GP50X, dsPIC33EP256MC20X/50X
AND PIC24EP256GP/MC20X DEVICES

User Memory Space

Configuration Memory Space

Note: Memory areas are not shown to scale.

QOTOlnstruction

Reset Address

Interrupt Vector Table

User Program
Flash Memory
(88K instructions)

Flash Configuration
Bytes

Unimplemented
(Read ‘O’s)

Reserved

USERID

Reserved

Write Latches

Reserved

DEVID

Reserved

0x000000

0x000002
0x000004

0x0001FE
0x000200

0x02AFEA
0x02AFEC

0x02AFFE
0x02B000

Ox7FFFFE
0x800000

0x800FF6
0x800FF8

0x800FFE
0x801000

OxFOFFFE
0xFAQ000
0xFAQ002
0xFA0004

OXFEFFFE
0xFF0000
0xFF0002
0xFF0004

OXFFFFFE
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TABLE 4-8: TIMER1 THROUGH TIMERS REGISTER MAP

SFR ) } ! ; . } . . . ) ) ’ . ) . ] All

Name Addr.| Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Resets
TMR1 0100 Timer1 Register XXXX
PR1 0102 Period Register 1 FFFF
T1CON 0104 TON — TSIDL — — — — — — TGATE TCKPS<1:0> — | TSYNC | TCS — 0000
TMR2 0106 Timer2 Register XXXX
TMR3HLD | 0108 Timer3 Holding Register (for 32-bit timer operations only) XXXX
TMR3 010A Timer3 Register XXXX
PR2 010C Period Register 2 FFFF
PR3 010E Period Register 3 FFFF
T2CON 0110 TON — TSIDL — — — — — — TGATE TCKPS<1:0> T32 — TCS — 0000
T3CON 0112 TON — TSIDL — — — — — — TGATE TCKPS<1:0> — — TCS — 0000
TMR4 0114 Timer4 Register XXXX
TMR5HLD | 0116 Timer5 Holding Register (for 32-bit operations only) XXXX
TMR5 0118 Timer5 Register XXXX
PR4 011A Period Register 4 FFFF
PR5 011C Period Register 5 FFFF
T4CON 011E TON — TSIDL — — — — — — TGATE TCKPS<1:0> T32 — TCS — 0000
T5CON 0120 TON — TSIDL — — — — — — TGATE TCKPS<1:0> — — TCS — 0000
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 5-1: NVMCON: NONVOLATILE MEMORY (NVM) CONTROL REGISTER

R/SO-0® R/W-0) R/W-0) R/W-0 u-0 u-0 U-0 u-0

WR WREN | WRERR [NvMsDL®| — |  — — —

bit 15 bit 8
u-0 u-0 u-0 u-0 R/W-01) R/W-01) R/W-0® R/W-0®
— — — — NVMOP3G4 | NvMOP2G4) | NvMOP1G4) | NVvMOPO®4)

bit 7 bit 0

Legend: SO = Settable Only bit

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 15 WR: Write Control bit(!)

1 = Initiates a Flash memory program or erase operation; the operation is self-timed and the bit is
cleared by hardware once the operation is complete
0 = Program or erase operation is complete and inactive
bit 14 WREN: Write Enable bit™®)
1 = Enables Flash program/erase operations
0 = Inhibits Flash program/erase operations
bit 13 WRERR: Write Sequence Error Flag bit(H)
1 = Animproper program or erase sequence attempt or termination has occurred (bit is set automatically
on any set attempt of the WR bit)
0 = The program or erase operation completed normally
bit 12 NVMSIDL: NVM Stop in Idle Control bit(?)
1 = Flash voltage regulator goes into Standby mode during Idle mode
0 = Flash voltage regulator is active during Idle mode
bit 11-4 Unimplemented: Read as ‘0’
bit 3-0 NVMOP<3:0>: NVM Operation Select bits(1:34)

1111 = Reserved

1110 = Reserved

1101 = Reserved

1100 = Reserved

1011 = Reserved

1010 = Reserved

0011 = Memory page erase operation

0010 = Reserved

0001 = Memory double-word program operation(®
0000 = Reserved

Note 1. These bits can only be reset on a POR.
2: If this bit is set, there will be minimal power savings (IIDLE) and upon exiting Idle mode, there is a delay
(TVREG) before Flash memory becomes operational.

3. All other combinations of NVMOP<3:0> are unimplemented.
4: Execution of the PWNRSAV instruction is ignored while any of the NVM operations are in progress.
5: Two adjacent words on a 4-word boundary are programmed during execution of this operation.

© 2011-2013 Microchip Technology Inc. DS70000657H-page 121



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 7-1:  SR: CPU STATUS REGISTER®

R/W-0 R/W-0 R/W-0 R/W-0 R/C-0 R/C-0 R-0 R/W-0
OA OB SA SB OAB SAB DA DC
bit 15 bit 8
R/W-0() R/W-0() R/W-00) R-0 R/W-0 R/W-0 R/W-0 R/W-0
IPL<2:0>(2) RA N oV z C
bit 7 bit 0
Legend: C = Clearable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’= Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 IPL<2:0>: CPU Interrupt Priority Level Status bits(%-%)

111 = CPU Interrupt Priority Level is 7 (15); user interrupts are disabled
110 = CPU Interrupt Priority Level is 6 (14)

101 = CPU Interrupt Priority Level is 5 (13)
100 = CPU Interrupt Priority Level is 4 (12)
011 = CPU Interrupt Priority Level is 3 (11)
010 = CPU Interrupt Priority Level is 2 (10)
001 = CPU Interrupt Priority Level is 1 (9)
000 = CPU Interrupt Priority Level is 0 (8)

Note 1. For complete register details, see Register 3-1.
2:  The IPL<2:0> bits are concatenated with the IPL<3> bit (CORCON<3>) to form the CPU Interrupt Priority
Level. The value in parentheses indicates the IPL, if IPL<3> = 1. User interrupts are disabled when
IPL<3> = 1.
3:  The IPL<2:0> Status bits are read-only when the NSTDIS bit (INTCON1<15>) = 1.

DS70000657H-page 132 © 2011-2013 Microchip Technology Inc.
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NOTES:
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

9)

The TRISx registers control only the digital 1/0
output buffer. Any other dedicated or remappa-
ble active “output” will automatically override
the TRIS setting. The TRISx register does not
control the digital logic “input” buffer. Remap-
pable digital “inputs” do not automatically
override TRIS settings, which means that the
TRISx bit must be set to input for pins with only
remappable input function(s) assigned

All analog pins are enabled by default after any
Reset and the corresponding digital input
buffer on the pin has been disabled. Only the
Analog Pin Select registers control the digital
input buffer, not the TRISx register. The user
must disable the analog function on a pin using
the Analog Pin Select registers in order to use
any “digital input(s)” on a corresponding pin, no
exceptions.

11.6 1/O Ports Resources

Many useful resources are provided on the main prod-
uct page of the Microchip web site for the devices listed
in this data sheet. This product page, which can be
accessed using this link, contains the latest updates
and additional information.

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en555464

11.6.1 KEY RESOURCES

* “I/O Ports” (DS70598) in the “dsPIC33/PIC24
Family Reference Manual”

+ Code Samples

 Application Notes

» Software Libraries

* Webinars

» All Related “dsPIC33/PIC24 Family Reference
Manual” Sections

« Development Tools

DS70000657H-page 182

© 2011-2013 Microchip Technology Inc.


http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en555464
http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en555464#1
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12.0 TIMER1

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X families of
devices. It is not intended to be a
comprehensive reference source. To com-
plement the information in this data sheet,
refer to “Timers” (DS70362) in the
“dsPIC33/PIC24 Family Reference Man-
ual”, which is available from the Microchip
web site (www.microchip.com).

2: Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register

and bit information.

The Timer1 module is a 16-bit timer that can operate as
a free-running interval timer/counter.

The Timer1 module can operate in one of the following
modes:

» Timer mode

* Gated Timer mode

» Synchronous Counter mode

» Asynchronous Counter mode

In Timer and Gated Timer modes, the input clock is
derived from the internal instruction cycle clock (Fcy).
In Synchronous and Asynchronous Counter modes,

the input clock is derived from the external clock input
at the T1CK pin.

The Timer modes are determined by the following bits:

» Timer Clock Source Control bit (TCS): TICON<1>

» Timer Synchronization Control bit (TSYNC):
T1CON<2>

» Timer Gate Control bit (TGATE): T1CON<6>

Timer control bit setting for different operating modes
are given in the Table 12-1.

TABLE 12-1: TIMER MODE SETTINGS
The Timer1 module has the following unique features
over other timers: Mode TCS TGATE TSYNC
* Can be operated in Asynchronous Counter mode Timer 0 0 X
from an external cllock source . Gated Timer 0 1
* The exterlnal clock |n_put (T1CK).can optionally be Synchronous 1 " 1
synchronized to the internal device clock and the Counter
clock synchronization is performed after the prescaler
. ) . — Asynchronous 1 X 0
A block diagram of Timer1 is shown in Figure 12-1. Counter
FIGURE 12-1: 16-BIT TIMER1 MODULE BLOCK DIAGRAM
.| Gate Falling Edge
Sync Detect Set T1IF Flag
_>
FP® | prescaler f}} T1CLK
(m) TGATE
ﬁ Reset Data
» 00 TMR1 |« Latch
TCKPS<1:0>
» 0 A CLK
T1CK x1
& ™~ > Prescaler > sync >l 1 Comparator Equal i -
L (i) CTMU
Edge Control
ﬁ TGATE Logic
TSYNC
TCKPS<1:0> PR1
Note 1: Fpis the peripheral clock.

© 2011-2013 Microchip Technology Inc.
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REGISTER 13-2: TyCON: (TIMER3 AND TIMER5) CONTROL REGISTER

R/W-0 uU-0 R/W-0 uU-0 uU-0 uU-0 uU-0 uU-0
TON® — | T1sDL® - — — —
bit 15 bit 8
uU-0 R/W-0 R/W-0 R/W-0 U-0 U-0 R/W-0 uU-0
— TGATE® | TCKPS1®W | TCKPSO® — — Tcst? —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 TON: Timery On bit™®
1 = Starts 16-bit Timery
0 = Stops 16-bit Timery
bit 14 Unimplemented: Read as ‘0’
bit 13 TSIDL: Timery Stop in Idle Mode bit(®
1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode
bit 12-7 Unimplemented: Read as ‘0’
bit 6 TGATE: Timery Gated Time Accumulation Enable bit(1)
When TCS = 1:
This bit is ignored.
When TCS =0:
1 = Gated time accumulation is enabled
0 = Gated time accumulation is disabled
bit 5-4 TCKPS<1:0>: Timery Input Clock Prescale Select bits®)
11 =1:256
10 = 1:64
01=1:8
00=1:1
bit 3-2 Unimplemented: Read as ‘0’
bit 1 TCS: Timery Clock Source Select bit(13)
1 = External clock is from pin, TyCK (on the rising edge)
0 = Internal clock (FP)
bit 0 Unimplemented: Read as ‘0’
Note 1: When 32-bit operation is enabled (T2CON<3> = 1), these bits have no effect on Timery operation; all timer
functions are set through TxCON.
2:  When 32-bit timer operation is enabled (T32 = 1) in the Timerx Control register (TxCON<3>), the TSIDL
bit must be cleared to operate the 32-bit timer in Idle mode.
3: The TyCK pin is not available on all timers. See the “Pin Diagrams” section for the available pins.
© 2011-2013 Microchip Technology Inc. DS70000657H-page 211
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16.2 PWM Resources

Many useful resources are provided on the main prod-
uct page of the Microchip web site for the devices listed
in this data sheet. This product page, which can be
accessed using this link, contains the latest updates
and additional information.

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en555464

16.2.1 KEY RESOURCES

* “High-Speed PWM” (DS70645) in the
“dsPIC33/PIC24 Family Reference Manual”

» Code Samples

 Application Notes

» Software Libraries

» Webinars

» All Related “dsPIC33/PIC24 Family Reference
Manual” Sections

* Development Tools

© 2011-2013 Microchip Technology Inc.
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NOTES:
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

TABLE 28-2: INSTRUCTION SET OVERVIEW (CONTINUED)

Base
Assembly . # of # of Status Flags
In;tr Mnemonic Assembly Syntax Description Words Cycles(z) Affected
52 MJUL MJL.SS Wb, W, Wid {Wnd + 1, Wnd} = signed(Wb) * 1 1 None
signed(Ws)
MIL.SS Wb, W, Acc®D Accumulator = signed(Whb) * signed(Ws) 1 1 None
MJL. SU Wb, W, Wid {Wnd + 1, Wnd} = signed(Wb) * 1 1 None
unsigned(Ws)
MILL.SU Wb, W, Acc® Accumulator = signed(Wb) * 1 1 None
unsigned(Ws)
MIL.SU Wb, #lit5, Acc® Accumulator = signed(Wb) * 1 1 None
unsigned(lit5)
MJL.US Wb, W, Wid {Wnd + 1, Wnd} = unsigned(Wb) * 1 1 None
signed(Ws)
MLL.US Wb, W, Acc® Accumulator = unsigned(Wb) * 1 1 None
signed(Ws)
MJL. WU Wb, V8, Wid {Wnd + 1, Wnd} = unsigned(Wb) * 1 1 None
unsigned(Ws)
MLL.UU Wb, #lit5, Acc® Accumulator = unsigned(Wb) * 1 1 None
unsigned(lit5)
MLL.UU Wb, W&, Acc® Accumulator = unsigned(Wb) * 1 1 None
unsigned(Ws)
MULW SS Wb, W, Wad Wnd = signed(Wb) * signed(Ws) 1 1 None
MULW SU Wb, W, Wad Wnd = signed(Wb) * unsigned(Ws) 1 1 None
MULW US Wb, W, Wad Wnd = unsigned(Wb) * signed(Ws) 1 1 None
MULW UU Wb, W, Wad Wnd = unsigned(Wb) * unsigned(Ws) 1 1 None
MIL. SU Wb, #1it5, Wwd {Wnd + 1, Wnd} = signed(Wb) * 1 1 None
unsigned(lit5)
MJL. SU Wb, #lit5, Wd Wnd = signed(Wb) * unsigned(it5) 1 1 None
MJL. WU Wb, #1it5, Wd {Wnd + 1, Wnd} = unsigned(Wb) * 1 1 None
unsigned(lit5)
MJL. WU Wb, #lit5, Wd Wnd = unsigned(Wb) * unsigned(lit5) 1 1 None
MJL f W3:W2 = f* WREG 1 1 None

Note 1: These instructions are available in dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X devices only.
2: Read and Read-Modify-Write (e.g., bit operations and logical operations) on non-CPU SFRs incur an additional instruction cycle.

DS70000657H-page 394 © 2011-2013 Microchip Technology Inc.
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FIGURE 30-19: SPI2 SLAVE MODE (FULL-DUPLEX, CKE =1, CKP =1, SMP =0)
TIMING CHARACTERISTICS

_ SP60
Ss2 __j\:—j
. SP50

SCK2 Z
(CKP=0) -

" .
— - '

Lo SP30, SP31 'SP5’
- . G

SDI2 ————————{:; MSb In j}————<5n14--?-1 LSb In
. ._SP41 )

-—

SP40

Note: Refer to Figure 30-1 for load conditions.
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FIGURE 30-27: SPI1 SLAVE MODE (FULL-DUPLEX, CKE =1, CKP =1, SMP =0)
TIMING CHARACTERISTICS

—— SP60
SS1 |<——:

' SP50

'———,
SCK1 : '
(CkKP=0) - !

C SP70

SCK1 AN
(CKP = 1) SN \ g

ISP35 — :<— —' -

== sP72 SP73

" ' ' '

SP30, SP31 SP51

SDI

. SP41 .

SP40

Note: Refer to Figure 30-1 for load conditions.
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TABLE 30-48: SPI1 SLAVE MODE (FULL-DUPLEX, CKE =0, CKP =0, SMP =0)

TIMING REQUIREMENTS

AC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V

(unless otherwise stated)

Operating temperature

-40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

Param.| Symbol Characteristic(t) Min. Typ.®d| Max. | Units Conditions
SP70 |FscP Maximum SCK1 Input Frequency — — 11 MHz | (Note 3)
SP72 | TscF SCK1 Input Fall Time — — — ns | See Parameter DO32
(Note 4)
SP73 |TscR SCK1 Input Rise Time — — — ns | See Parameter DO31
(Note 4)
SP30 |TdoF SDO1 Data Output Fall Time — — — ns | See Parameter DO32
(Note 4)
SP31 |TdoR SDO1 Data Output Rise Time — — — ns | See Parameter DO31
(Note 4)
SP35 |TscH2doV, | SDO1 Data Output Valid after — 6 20 ns
TscL2doV |SCK1 Edge
SP36 |TdoV2scH, | SDO1 Data Output Setup to 30 — — ns
TdoV2scL |First SCK1 Edge
SP40 |TdiV2scH, |Setup Time of SDI1 Data Input 30 — — ns
TdiV2scL |to SCK1 Edge
SP41 TscH2diL, |Hold Time of SDI1 Data Input 30 — — ns
TscL2diL |to SCK1 Edge
SP50 |TssL2scH, |SS1 1 to SCK1 T or SCK1 | 120 — — ns
TssL2scL | Input
SP51 |TssH2doZ |SS1 T to SDO1 Output 10 — 50 ns | (Note 4)
High-Impedance
SP52 |TscH2ssH, | SS1 T after SCK1 Edge 15Tcy +40| — — ns | (Note 4)
TsclL2ssH
Note 1: These parameters are characterized, but are not tested in manufacturing.
2: Data in “Typical” column is at 3.3V, +25°C unless otherwise stated.
3:  The minimum clock period for SCK1 is 91 ns. Therefore, the SCK1 clock generated by the master must
not violate this specification.
4: Assumes 50 pF load on all SPI1 pins.

© 2011-2013 Microchip Technology Inc.
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NOTES:
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33.1 Package Marking Information (Continued)

36-Lead VTLA (TLA)
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44-Lead QFN (8x8x0.9 mm)
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XXXXXXXXXXX
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

TyCON (Timer3 and Timer5 Control)...........cccceeueee..
UXMODE (UARTX Mode)......ccccovvuiiniiiiiiecieeiieeiees
UxSTA (UARTXx Status and Control)..
VEL1CNT (Velocity Counter 1) ........cccceeceeriieneennnn.
RESELS ..ot
Brown-out Reset (BOR).........c.cceeennee
Configuration Mismatch Reset (CM)..
llegal Condition Reset (IOPUWR).....
lllegal Opcode.........ccceeevunnnnn.
Security....cccceeveeirieenieen
Uninitialized W Register......
Master Clear (MCLR) Pin Reset.
Power-on Reset (POR)........
RESET Instruction (SWR)....
RESOUICES......cviiiiiiiiici s
Trap Conflict Reset (TRAPR).......ccocovviiiiciiieiee.
Watchdog Timer Time-out Reset (WDTO)...
Resources Required for Digital PFC...........cccccvveieeen.
Revision HiStOry ........cccoeiieiiiiie e

S
Serial Peripheral Interface (SPI)
Software Stack Pointer (SSP)......

Special Features of the CPU ..........cccooiiiiiiiiiiieeeees
SPI

Control RegISters ........covivieiiiiie e 268
Helpful TIPS .o 267
RESOUIMCES ...t 267

T

Temperature and Voltage Specifications

Thermal Packaging Characteristics ....
Timert ..o
Control Register ... .
Resources............... ...204
Timer2/3 and Timer4/5....
Control Registers ..........cocieiiiiiiniiiieie e 210
RESOUIMCES ... 209
Timing Diagrams
10-Bit ADC Conversion (CHPS<1:0> = 01,
SIMSAM = 0, ASAM = 0, SSRC<2:0> = 000,
SSRCG = 0) et 464
10-Bit ADC Conversion (CHPS<1:0> = 01,
SIMSAM = 0, ASAM = 1, SSRC<2:0> = 111,
SSRCG = 0, SAMC<4:0> = 00010) ......cccvevnne 464
12-Bit ADC Conversion (ASAM = 0,
SSRC<2:0> =000, SSRCG =0) ...cceverurrerurannnn 462
BOR and Master Clear Reset
ECANX /O ..o
External ClocK.........cooiiiiiii e
High-Speed PWMx Fault
High-Speed PWMx Module...........ccccoiieiiiiniiecinens
I/O CharacteristiCs ..........ooooveiiiiie e
I12Cx Bus Data (Master Mode) .
I12Cx Bus Data (Slave Mode) .........ccocevvieiinineeennnen.
I12Cx Bus Start/Stop Bits (Master Mode)................... 450
I12Cx Bus Start/Stop Bits (Slave Mode)..................... 452

Input Capture X (ICX) .....covvrrieeeiieeieenee e 420
OCX/PWMX ...ttt 421
Output Compare x (OCXx)...
QEA/QEB INPUL ...t 424
QEI Module Index Pulse..........cccccciniiiiiiiniiiicce. 425
SPI1 Master Mode (Full-Duplex, CKE = 0,

CKP =X, SMP = 1) i 441
SPI1 Master Mode (Full-Duplex, CKE =1,

CKP =X, SMP = 1) oot 440
SPI1 Master Mode (Half-Duplex, Transmit Only,

CKE = 0) oot 438
SPI1 Master Mode (Half-Duplex, Transmit Only,

CKE = 1) et 439
SPI1 Slave Mode (Full-Duplex, CKE =0,

CKP =0, SMP = 0) oo 448
SPI1 Slave Mode (Full-Duplex, CKE =0,

CKP =1, SMP = 0)..eeiiiiiiiieieieeeeeeeee e 446

SPI1 Slave Mode (Full-Duplex, CKE =1,
CKP =0, SMP =0)
SPI1 Slave Mode (Full-Duplex, CKE =
CKP =1, SMP =0)
SPI2 Master Mode (Full-Duplex, CKE =0,
CKP =X, SMP = 1) it 429
SPI2 Master Mode (Full-Duplex, CKE = 1,
CKP =X, SMP = 1) it 428
SPI2 Master Mode (Half-Duplex, Transmit Only,

SPI2 Slave Mode (Full-Duplex, CKE =0,

CKP =0, SMP = 0)...eeriiiiiiiiiieeeeeeeee e 436
SPI2 Slave Mode (Full-Duplex, CKE =0,

CKP =1, SMP = 0).ceoeviiieieiinecieeeeee e 434
SPI2 Slave Mode (Full-Duplex, CKE = 1,

CKP =0, SMP = 0)...ceeeiiiiiiieiieieeeeeeee e 430
SPI2 Slave Mode (Full-Duplex, CKE =1,

CKP =1, SMP = 0) ..o
Timer1-Timer5 External Clock...............
TimerQ (QEI Module) External Clock....
UARTX 1O oo

U
Universal Asynchronous Receiver
Transmitter (UART) ....ooiiiiiiie e 281
Control RegiSters..........ccveviiiiiiiiiiiciiee e 283
Helpful Tips
Resources .....
User ID Words ...

Vv
Voltage Regulator (On-Chip) .......cccecveiiiniiiiiiniieneecee 384

W

Watchdog Timer (WDT)......ccceeiiiiiiiiienie e 379, 385

Programming Considerations.............cccceecueeieeneeenns 385
WWW Address .
WWW, On-Line SUPPOrt ......cccoeeiiiiiiniieiie e 23
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