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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"

Active

PIC

16-Bit

40 MIPs

12C, IrDA, LINbus, SPI, UART/USART
Brown-out Detect/Reset, DMA, POR, PWM, WDT
53

128KB (43K x 24)

FLASH

8K x 8

3V ~ 3.6V

A/D 18x10b/12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-VFQFN Exposed Pad

64-VQFN (9x9)
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PIC24HIXXXGPX06A/X08A/X10A

Referenced Sources

This device data sheet is based on the following
individual chapters of the “dsPIC33F/PIC24H Family
Reference Manual”. These documents should be
considered as the general reference for the operation
of a particular module or device feature.

Note:

To access the documents listed below,
browse to the documentation section of
the PIC24HJ256GP610A product page
on the Microchip web site
(www.microchip.com) or by selecting a
family reference manual section from
the following list.

In addition to parameters, features, and
other documentation, the resulting page
provides links to the related family
reference manual sections.

» Section 1. “Introduction” (DS70197)

+ Section 2. “CPU” (DS70204)

» Section 3. “Data Memory” (DS70202)

» Section 4. “Program Memory” (DS70203)

» Section 5. “Flash Programming” (DS70191)
» Section 6. “Interrupts” (DS70184)

» Section 7. “Oscillator” (DS70186)

+ Section 8. “Reset” (DS70192)

» Section 9. “Watchdog Timer and Power-Saving Modes” (DS70196)

» Section 10. “I/O Ports” (DS70193)

» Section 11. “Timers” (DS70205)

» Section 12. “Input Capture” (DS70198)

+ Section 13. “Output Compare” (DS70209)

» Section 16

» Section 17. “UART” (DS70188)

» Section 18
* Section 19
» Section 20
+ Section 21
» Section 22

* Section 23. “CodeGuard™ Security” (DS70199)

* Section 24

» Section 25. “Device Configuration” (DS70194)

. “Analog-to-Digital Converter (ADC)” (DS70183)

. “Serial Peripheral Interface (SPI)” (DS70206)

. “Inter-Integrated Circuit™ (12C™)” (DS70195)

. “Data Converter Interface (DCI)” (DS70288)

.“Enhanced Controller Area Network (ECAN™)” (DS70185)
. “Direct Memory Access (DMA)” (DS70182)

. “Programming and Diagnostics” (DS70207)

DS70592D-page 14

© 2009-2012 Microchip Technology Inc.


http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=enen546061#1
http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=enen546061#1
http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=enen546061#1
http://www.microchip.com
http://www.microchip.com
http://www.microchip.com

0S 8bed-az6502Sa

"ou| ABojouyoa | diyoosolN 2102-600Z @

TABLE 4-24: PORTA REGISTER MAP()

File Name | Addr Bit 15 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 ReAsleI:ts
TRISA 02C0 | TRISA15 | TRISA14 | TRISA13 | TRISA12 — TRISA10 TRISA9 — TRISA7 | TRISA6 TRISAS TRISA4 TRISA3 | TRISA2 | TRISA1 | TRISA0 F6FF
PORTA 02C2 RA15 RA14 RA13 RA12 — RA10 RA9 — RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO XXXX
LATA 02C4 LATA15 LATA14 LATA13 LATA12 — LATA10 LATA9 — LATA7 LATA6 LATAS LATA4 LATA3 LATA2 LATA1 LATAO XXXX
ODCA 06C0 | ODCA15 | ODCA14 — — — — — — — — ODCA5 ODCA4 ODCA3 | ODCA2 ODCA1 ODCAO 0000
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal for PinHigh devices.

Note 1: The actual set of 1/0 port pins varies from one device to another. Please refer to the corresponding pinout diagrams.
TABLE 4-25:  PORTB REGISTER MAP()

File Name | Addr Bit 15 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 ReAsleI:ts
TRISB 02C6 | TRISB15 | TRISB14 | TRISB13 | TRISB12 | TRISB11 | TRISB10 | TRISB9 | TRISB8 | TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO FFFF
PORTB 02C8 RB15 RB14 RB13 RB12 RB11 RB10 RB9 RB8 RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX
LATB 02CA | LATB15 | LATB14 | LATB13 | LATB12 | LATB11 | LATB10 | LATB9 LATB8 LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO XXXX
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal for PinHigh devices.

Note 1: The actual set of 1/0 port pins varies from one device to another. Please refer to the corresponding pinout diagrams.
TABLE 4-26:  PORTC REGISTER MAP(®)

File Name | Addr Bit 15 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 Re/zltlats
TRISC 02CC | TRISC15 | TRISC14 | TRISC13 | TRISC12 — — — — — — — TRISC4 | TRISC3 | TRISC2 | TRISC1 — FO1lE
PORTC 02CE RC15 RC14 RC13 RC12 — — — — — — — RC4 RC3 RC2 RC1 — XXXX
LATC 02D0 | LATC15 | LATC14 | LATC13 | LATC12 — — — — — — — LATC4 LATC3 LATC2 LATC1 — XXXX
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal for PinHigh devices.

Note 1: The actual set of I/O port pins varies from one device to another. Please refer to the corresponding pinout diagrams.
TABLE 4-27:  PORTD REGISTER MAP()

File Name | Addr Bit 15 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 R:sltlats
TRISD 02D2 | TRISD15 | TRISD14 | TRISD13 | TRISD12 | TRISD11 | TRISD10 | TRISD9 | TRISD8 | TRISD7 | TRISD6 | TRISD5 | TRISD4 | TRISD3 | TRISD2 | TRISD1 | TRISDO FFFF
PORTD 02D4 RD15 RD14 RD13 RD12 RD11 RD10 RD9 RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO XXXX
LATD 02D6 LATD15 LATD14 LATD13 LATD12 LATDM1 LATD10 | LATD9 | LATD8 | LATD7 | LATD6 | LATD5 | LATD4 | LATD3 | LATD2 | LATD1 LATDO XXXX
oDCD 06D2 ODCD15 | ODCD14 | ODCD13 | ODCD12 | ODCDM ODCD10 | ODCD9 | ODCD8 | ODCD7 | ODCD6é | ODCD5 | ODCD4 | ODCD3 | ODCD2 | ODCD1 | ODCDO 0000
Legend: X = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal for PinHigh devices.

Note 1: The actual set of I/O port pins varies from one device to another. Please refer to the corresponding pinout diagrams.
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PIC24HIXXXGPX06A/X08A/X10A

TABLE 6-3: RESET DELAY TIMES FOR VARIOUS DEVICE RESETS
Reset Type Clock Source SYSRST Delay Systsgac;lock E?elc;h; See Notes

POR EC, FRC, LPRC TPOR + TSTARTUP + TRST — — 1,2,3
ECPLL, FRCPLL TPOR + TSTARTUP + TRST TLOCK Trscm  |1,2,3,5,6
XT, HS, SOSC TPOR + TSTARTUP + TRST TosT Trscm  |1,2,3,4,6
XTPLL, HSPLL TPOR + TSTARTUP + TRST TOST + TLOCK TrscM  [1,2,3,4,5,6

MCLR Any Clock TRST — — 3

WDT Any Clock TRST — — 3

Software Any clock TRST — — 3

lllegal Opcode  |Any Clock TRST — — 3

Uninitialized W |Any Clock TRST — — 3

Trap Conflict Any Clock TRST — — 3

Note 1: TPOR = Power-on Reset delay (10 pus nominal).

2:  TSTARTUP = Conditional POR delay of 20 us nominal (if on-chip regulator is enabled) or 64 ms nominal
Power-up Timer delay (if regulator is disabled). TSTARTUP is also applied to all returns from powered-down
states, including waking from Sleep mode, only if the regulator is enabled.

3: TRST = Internal state Reset time (20 us nominal).

4: TosT = Oscillator Start-up Timer. A 10-bit counter counts 1024 oscillator periods before releasing the

oscillator clock to the system.
5. TrLock = PLL lock time (20 ps nominal).

6: TrscM = Fail-Safe Clock Monitor delay (100 us nominal).

6.2.1 POR AND LONG OSCILLATOR
START-UP TIMES

The oscillator start-up circuitry and its associated delay
timers are not linked to the device Reset delays that
occur at power-up. Some crystal circuits (especially
low-frequency crystals) have a relatively long start-up
time. Therefore, one or more of the following conditions
is possible after the Reset signal is released:

» The oscillator circuit has not begun to oscillate

» The Oscillator Start-up Timer has not expired (if a
crystal oscillator is used)

* The PLL has not achieved a lock (if PLL is used)

The device will not begin to execute code until a valid
clock source has been released to the system. There-
fore, the oscillator and PLL start-up delays must be
considered when the Reset delay time must be known.

6.2.2 FAIL-SAFE CLOCK MONITOR
(FSCM) AND DEVICE RESETS

If the FSCM is enabled, it begins to monitor the system
clock source when the Reset signal is released. If a
valid clock source is not available at this time, the
device automatically switches to the FRC oscillator and
the user can switch to the desired crystal oscillator in
the Trap Service Routine.

6.2.2.1 FSCM Delay for Crystal and PLL

Clock Sources

When the system clock source is provided by a crystal
oscillator and/or the PLL, a small delay, TFSCM, is auto-
matically inserted after the POR and PWRT delay
times. The FSCM does not begin to monitor the system
clock source until this delay expires. The FSCM delay
time is nominally 500 ps and provides additional time
for the oscillator and/or PLL to stabilize. In most cases,
the FSCM delay prevents an oscillator failure trap at a
device Reset when the PWRT is disabled.

6.3 Special Function Register Reset
States

Most of the Special Function Registers (SFRs) associ-
ated with the CPU and peripherals are reset to a
particular value at a device Reset. The SFRs are
grouped by their peripheral or CPU function and their
Reset values are specified in each section of this
manual.

The Reset value for each SFR does not depend on the
type of Reset, with the exception of two registers. The
Reset value for the Reset Control register, RCON,
depends on the type of device Reset. The Reset value
for the Oscillator Control register, OSCCON, depends
on the type of Reset and the programmed values of the
oscillator Configuration bits in the FOSC Configuration
register.

DS70592D-page 68
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PIC24HIXXXGPX06A/X08A/X10A

TABLE 7-1: INTERRUPT VECTORS (CONTINUED)
Vector Interrupt
Number Request (IRQ) IVT Address AIVT Address Interrupt Source
Number
54 46 0x000070 0x000170 DMA4 — DMA Channel 4
55 47 0x000072 0x000172 T6 — Timer6
56 48 0x000074 0x000174 T7 — Timer7
57 49 0x000076 0x000176 SI2C2 - 12C2 Slave Events
58 50 0x000078 0x000178 MI2C2 — 12C2 Master Events
59 51 0x00007A 0x00017A T8 — Timer8
60 52 0x00007C 0x00017C T9 — Timer9
61 53 0x00007E 0x00017E INT3 — External Interrupt 3
62 54 0x000080 0x000180 INT4 — External Interrupt 4
63 55 0x000082 0x000182 C2RX — ECAN2 Receive Data Ready
64 56 0x000084 0x000184 C2 — ECAN2 Event
65-68 57-60 0x000086-0x00008C | 0x000186-0x00018C | Reserved
69 61 0x00008E 0x00018E DMAS5 — DMA Channel 5
70-72 62-64 0x000090-0x000094 | 0x000190-0x000194 | Reserved
73 65 0x000096 0x000196 U1E — UART1 Error
74 66 0x000098 0x000198 U2E — UART2 Error
75 67 0x00009A 0x00019A Reserved
76 68 0x00009C 0x00019C DMAG6 — DMA Channel 6
77 69 0x00009E 0x00019E DMA?7 — DMA Channel 7
78 70 0x0000A0 0x0001A0 C1TX — ECAN1 Transmit Data Request
79 71 0x0000A2 0x0001A2 C2TX — ECAN2 Transmit Data Request
80-125 72-117 0x0000A4-0x0000FE | 0x0001A4-0x0001FE | Reserved
TABLE 7-2: TRAP VECTORS
Vector Number IVT Address AIVT Address Trap Source
0 0x000004 0x000104 Reserved
1 0x000006 0x000106 Oscillator Failure
2 0x000008 0x000108 Address Error
3 0x00000A 0x00010A Stack Error
4 0x00000C 0x00010C Math Error
5 0x00000E 0x00010E DMA Error Trap
6 0x000010 0x000110 Reserved
7 0x000012 0x000112 Reserved

DS70592D-page 72
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PIC24HIXXXGPX06A/X08A/X10A

REGISTER 7-7: IFS2: INTERRUPT FLAG STATUS REGISTER 2 (CONTINUED)

bit 2 C1RXIF: ECAN1 Receive Data Ready Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 1 SPI2IF: SPI2 Event Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 0 SPI2EIF: SPI2 Error Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

DS70592D-page 82 © 2009-2012 Microchip Technology Inc.
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REGISTER 7-9: IFS4: INTERRUPT FLAG STATUS REGISTER 4
U-0 U-0 U-0 U-0 u-0 U-0 U-0 U-0

bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 U-0
C2TXIF C1TXIF DMATIF DMAGIF — U2EIF U1EIF —

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 15-8 Unimplemented: Read as ‘0’
bit 7 C2TXIF: ECAN2 Transmit Data Request Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 6 C1TXIF: ECAN1 Transmit Data Request Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 5 DMAYIF: DMA Channel 7 Data Transfer Complete Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 4 DMAGIF: DMA Channel 6 Data Transfer Complete Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 3 Unimplemented: Read as ‘0’
bit 2 U2EIF: UART2 Error Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 1 U1EIF: UART1 Error Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 0 Unimplemented: Read as ‘0’

DS70592D-page 84
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PIC24HIXXXGPX06A/X08A/X10A

REGISTER 7-17:

IPC2: INTERRUPT PRIORITY CONTROL REGISTER 2

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— U1RXIP<2:0> — SPI11P<2:0>
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— SPI1EIP<2:0> — T3IP<2:0>
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
bit 14-12

bit 11
bit 10-8

bit 7
bit 6-4

bit 3
bit 2-0

Unimplemented: Read as ‘0’

U1RXIP<2:0>: UART1 Receiver Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

SPI1IP<2:0>: SPI1 Event Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

SPI1EIP<2:0>: SPI1 Error Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

T3IP<2:0>: Timer3 Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1

000 = Interrupt source is disabled

© 2009-2012 Microchip Technology Inc.
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REGISTER 7-23: IPC8: INTERRUPT PRIORITY CONTROL REGISTER 8

uU-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— C11P<2:0> — C1RXIP<2:0>
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— SPI2IP<2:0> — SPI2EIP<2:0>
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 Unimplemented: Read as ‘0’
bit 14-12 C1IP<2:0>: ECAN1 Event Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 11 Unimplemented: Read as ‘0’
bit 10-8 C1RXIP<2:0>: ECAN1 Receive Data Ready Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 7 Unimplemented: Read as ‘0’
bit 6-4 SPI2IP<2:0>: SPI2 Event Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 3 Unimplemented: Read as ‘0’
bit 2-0 SPI2EIP<2:0>: SPI2 Error Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

© 2009-2012 Microchip Technology Inc.
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NOTES:
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REGISTER 9-3: PLLFBD: PLL FEEDBACK DIVISOR REGISTER®

uU-0 uU-0 U-0 uU-0 U-0 U-0 u-0 R/W-0
— — — — — — — PLLDIV<8>
bit 15 bit 8
R/W-0 R/W-0 R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0
PLLDIV<7:0>
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’ = Bitis cleared x = Bit is unknown
bit 15-9 Unimplemented: Read as ‘0’
bit 8-0 PLLDIV<8:0>: PLL Feedback Divisor bits (also denoted as ‘M’, PLL multiplier)

111111111 =513

000110000 = 50 (default)

000000010 =4
000000001 =3
000000000 =2

Note 1: This register is reset only on a Power-on Reset (POR).

© 2009-2012 Microchip Technology Inc. DS70592D-page 129
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12.0 TIMER1

Note 1. This data sheet summarizes the features
of the PIC24HJXXXGPX06A/X08A/X10A
family of devices. However, it is not
intended to be a comprehensive refer-
ence source. To complement the infor-
mation in this data sheet, refer to Section
11. “Timers” (DS70205) of the
“dsPIC33F/PIC24H Family Reference
Manual”, 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, which can serve
as the time counter for the real-time clock, or operate
as a free-running interval timer/counter. Timer1 can
operate in three modes:

* 16-bit Timer

* 16-bit Synchronous Counter

» 16-bit Asynchronous Counter

Timer1 also supports these features:

« Timer gate operation
» Selectable prescaler settings

» Timer operation during CPU Idle and Sleep
modes

* Interrupt on 16-bit Period register match or falling
edge of external gate signal

Figure 12-1 presents a block diagram of the 16-bit
timer module.

To configure Timer1 for operation:

1. Set the TON bit (= 1) in the T1CON register.

2. Select the timer prescaler ratio using the
TCKPS<1:0> bits in the T1CON register.

3. Set the Clock and Gating modes using the TCS
and TGATE bits in the T1CON register.

4. Set or clear the TSYNC bit in T1CON to select
synchronous or asynchronous operation.

5. Load the timer period value into the PR1
register.

6. Ifinterrupts are required, set the interrupt enable
bit, T1IE. Use the priority bits, T1IP<2:0>, to set
the interrupt priority.

FIGURE 12-1: 16-BIT TIMER1 MODULE BLOCK DIAGRAM
____________________ TCKPS<1:0>
! TON 2
. SOSCO/
T1CK x '&

Gate Prescaler

Sync [_J:::}—-01 1,8, 64, 256
. SOSC
: Tey * 00

__________________ TGATE
TGfTE TCS
)
: o
Set T1IF o 6_\_CK
ﬁ
Reset
TMR1
v \71\ Sync
Comparator TSYNC
Equal
4
PR1
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NOTES:
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Note:

not Special Function Registers.

The buffers, SID, EID, DLC, Data Field and Receive Status registers are stored in DMA RAM. These areI

REGISTER 19-27: CiTRBnSID: ECAN™ MODULE BUFFER n STANDARD IDENTIFIER

(n=0,1,..,31)

U-0 U-0 U-0 R/W-x R/W-x R/W-x R/W-x R/W-x

- [ = — ] SID<10:6>
bit 15 bit 8

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
SID<5:0> SRR IDE

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 15-13 Unimplemented: Read as ‘0’

bit 12-2 SID<10:0>: Standard Identifier bits

bit 1 SRR: Substitute Remote Request bit
1 = Message will request remote transmission
0 = Normal message

bit 0 IDE: Extended Identifier bit

1 = Message will transmit extended identifier
0 = Message will transmit standard identifier

REGISTER 19-28: CiTRBnEID: ECAN™ MODULE BUFFER n EXTENDED IDENTIFIER

(n=0,1,..,31)

U-0 U-0 U-0 u-0 R/W-x R/W-x R/W-x R/W-x

_ | _ — | — EID<17:14>
bit 15 bit 8

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
EID<13:6>

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 15-12
bit 11-0

Unimplemented: Read as ‘0’
EID<17:6>: Extended Identifier bits

DS70592D-page 204
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23.2 MPLAB C Compilers for Various
Device Families

The MPLAB C Compiler code development systems
are complete ANSI C compilers for Microchip’s PIC18,
P1C24 and PIC32 families of microcontrollers and the
dsPIC30 and dsPIC33 families of digital signal control-
lers. These compilers provide powerful integration
capabilities, superior code optimization and ease of
use.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

23.3 HI-TECH C for Various Device
Families

The HI-TECH C Compiler code development systems
are complete ANSI C compilers for Microchip’s PIC
family of microcontrollers and the dsPIC family of digital
signal controllers. These compilers provide powerful
integration capabilities, omniscient code generation
and ease of use.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

The compilers include a macro assembler, linker, pre-
processor, and one-step driver, and can run on multiple
platforms.

23.4 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for PIC10/12/16/18 MCUs.

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code and COFF files for
debugging.

The MPASM Assembler features include:

« Integration into MPLAB IDE projects

» User-defined macros to streamline
assembly code

» Conditional assembly for multi-purpose
source files

 Directives that allow complete control over the
assembly process

23.5 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler and the
MPLAB C18 C Compiler. It can link relocatable objects
from precompiled libraries, using directives from a
linker script.

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:
« Efficient linking of single libraries instead of many
smaller files

* Enhanced code maintainability by grouping
related modules together

» Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

23.6 MPLAB Assembler, Linker and
Librarian for Various Device
Families

MPLAB Assembler produces relocatable machine
code from symbolic assembly language for PIC24,
PIC32 and dsPIC devices. MPLAB C Compiler uses
the assembler to produce its object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

» Support for the entire device instruction set

» Support for fixed-point and floating-point data
» Command line interface

* Rich directive set

* Flexible macro language

* MPLAB IDE compatibility
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TABLE 24-9: DC CHARACTERISTICS: I/0O PIN INPUT SPECIFICATIONS (CONTINUED)

DC 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

Pe;\:gm Symbol Characteristic Min | Typ® | Max | Units Conditions
licL Input Low Injection Current
Dl60a All pins except VDD, Vss, AVDD,
0 — 558 | mA |AVss, MCLR, Vcap, SOSCI,
SOSCO, and RB11
licH Input High Injection Current
DI60b All pins except VDD, Vss, AVDD,

AVss, MCLR, Vcap, SOSCI,

0 | — |*®91 mA 19655¢0, RB1, and all 5V
tolerant pins(”)
2 lict | Total Input Injection Current
DI60c (sum of all I/O and control -200) — +20©) | mA |Absolute instantaneous sum of
pins) all £ input injection currents

from all I/O pins
(JheL+]hcH|)< X lict

Note 1: Data in “Typ” column is at 3.3V, 25°C unless otherwise stated.

2. The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.

3:  Negative current is defined as current sourced by the pin.

4: See “Pin Diagrams” for a list of 5V tolerant pins.

5:  VIL source < (Vss — 0.3). Characterized but not tested.

6: Non-5V tolerant pins VIH source > (VDD + 0.3), 5V tolerant pins VIH source > 5.5V. Characterized but not
tested.

7: Digital 5V tolerant pins cannot tolerate any “positive” input injection current from input sources > 5.5V.

8: Injection currents > | 0 | can affect the ADC results by approximately 4-6 counts.

9:  Any number and/or combination of I/O pins not excluded under licL or lICH conditions are permitted pro-

vided the mathematical “absolute instantaneous” sum of the input injection currents from all pins do not
exceed the specified limit. Characterized but not tested.
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TABLE 24-11: ELECTRICAL CHARACTERISTICS: BOR

DC 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(?) Min® | Typ |Max® | units Conditions
BO10 VBOR BOR Event on VDD transition high-to-low | 2.40 — 2.55 \Y VDD
Note 1: Parameters are for design guidance only and are not tested in manufacturing.

TABLE 24-12: DC CHARACTERISTICS:

PROGRAM MEMORY

Standard Operating Conditions: 3.0V to 3.6V
unless otherwise stated
DC CHARACTERISTICS (Operating temperature -)40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pzrgm Symbol Characteristic Min | Typ® | Max | Units Conditions
Program Flash Memory
D130 EpP Cell Endurance 10,000 | — — E/W
D131 VPR VDD for Read VMIN — 3.6 V  |VMIN = Minimum operating
voltage
D132b |VPEw |VDD for Self-Timed Write VMIN — 3.6 V  |VMIN = Minimum operating
voltage
D134 TRETD |Characteristic Retention 20 — — Year |Provided no other specifications are
violated
D135 IDDP Supply Current during — 10 — mA
Programming
D136a |TRwW Row Write Time 1.32 — 1.74 ms |TRw = 11064 FRC cycles,
TA = +85°C, See Note 2
D136b |TRwW Row Write Time 1.28 — 1.79 ms |TRw = 11064 FRC cycles,
TA = +150°C, See Note 2
D137a |TPE Page Erase Time 201 — 26.5 ms |TPE = 168517 FRC cycles,
TA = +85°C, See Note 2
D137b |TPE Page Erase Time 19.5 — 27.3 ms |TPE = 168517 FRC cycles,
TAa = +150°C, See Note 2
D138a |Tww Word Write Cycle Time 42.3 — 55.9 us | Tww = 355 FRC cycles,
TA = +85°C, See Note 2
D138b |Tww Word Write Cycle Time 411 — 57.6 us | Tww = 355 FRC cycles,
TAa = +150°C, See Note 2
Note 1: Datain “Typ” column is at 3.3V, 25°C unless otherwise stated.

2: Other conditions: FRC = 7.37 MHz, TUN<5:0>=b' 011111 (for Min), TUN<5:0> = b' 100000 (for Max).
This parameter depends on the FRC accuracy (see Table 24-19) and the value of the FRC Oscillator Tun-
ing register (see Register 9-4). For complete details on calculating the Minimum and Maximum time see
Section 5.3 “Programming Operations”.

TABLE 24-13:

INTERNAL VOLTAGE REGULATOR SPECIFICATIONS

(unless otherwise stated)
Operating temperature

Standard Operating Conditions: 3.0V to 3.6V

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

Param. | Symbol Characteristics

Min Typ Max | Units Comments

CEFC

External Filter Capacitor Value

4.7 10 Capacitor must be low

series resistance (< 5 Ohms)
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FIGURE 24-10: SPIx MASTER MODE (HALF-DUPLEX, TRANSMIT ONLY CKE =1) TIMING
CHARACTERISTICS
SP36

SCKx . ' y

: : S SP31 sSP30
(CKP = 1) : : A

: ' SP35 oPs0 st

: o «
SDOx XY MSb X Bit 14 ;2 -1 >< LSb

SP30, SP31

Note: Refer to Figure 24-1 for load conditions.

TABLE 24-29: SPIx MASTER MODE (HALF-DUPLEX, TRANSMIT ONLY) TIMING REQUIREMENTS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pilrg\m Symbol Characteristic() Min | Typ@ | Max | Units Conditions
SP10 | TscP Maximum SCK Frequency — — 15 MHz |See Note 3
SP20 | TscF SCKXx Output Fall Time — — — ns | See parameter DO32
and Note 4
SP21 |TscR SCKx Output Rise Time — — — ns |See parameter DO31
and Note 4
SP30 |TdoF SDOx Data Output Fall Time — — — ns |See parameter DO32
and Note 4
SP31 TdoR SDOx Data Output Rise Time — — — ns |See parameter DO31
and Note 4
SP35 | TscH2doV, | SDOx Data Output Valid after — 6 20 ns —
TscL2doV |SCKx Edge
SP36 | TdiV2scH, | SDOx Data Output Setup to 30 — — ns —
TdiV2scL | First SCKx Edge
Note 1: These parameters are characterized, but are not tested in manufacturing.
2: Data in “Typ” column is at 3.3V, 25°C unless otherwise stated.
3:  The minimum clock period for SCKx is 66.7 ns. Therefore, the clock generated in Master mode must not
violate this specification.
4: Assumes 50 pF load on all SPIx pins.
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TABLE 24-41: ADC MODULE SPECIFICATIONS (10-BIT MODE)®

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

P;a\:;m Symbol Characteristic Min. Typ Max. | Units Conditions
ADC Accuracy (10-bit Mode) — Measurements with external VREF+/VREF-
AD20b |Nr Resolution 10 data bits bits
AD21b |INL Integral Nonlinearity -1.5 — +1.5 LSb |VINL = AVSs = VREFL = 0V,
AVDD = VREFH = 3.6V
AD22b |DNL Differential Nonlinearity >-1 — <1 LSb |VINL = AVss = VREFL =0V,
AVDD = VREFH = 3.6V
AD23b | GERR Gain Error — 3 6 LSb |VINL = AVSS = VREFL = 0V,
AVDD = VREFH = 3.6V
AD24b | EOFF Offset Error — 2 5 LSb |VINL = AVss = VREFL =0V,
AVDD = VREFH = 3.6V
AD25b |— Monotonicity — — — — | Guaranteed
ADC Accuracy (10-bit Mode) — Measurements with internal VREF+/VREF-
AD20b |Nr Resolution 10 data bits bits
AD21b |INL Integral Nonlinearity -1 — +1 LSb |VINL = AVss = 0V, AVDD = 3.6V
AD22b |DNL Differential Nonlinearity >-1 — <1 LSb |VINL = AVss =0V, AVDD = 3.6V
AD23b | GERR Gain Error — 7 15 LSb |VINL = AVss = 0V, AVDD = 3.6V
AD24b | EOFF Offset Error — 3 7 LSb |VINL = AVss = 0V, AVDD = 3.6V
AD25b |— Monotonicity — — — — | Guaranteed
Dynamic Performance (10-bit Mode)
AD30b |THD Total Harmonic Distortion — — -64 dB —
AD31b |SINAD Signal to Noise and 57 58.5 — dB —
Distortion
AD32b |SFDR Spurious Free Dynamic 72 — — dB —
Range
AD33b |FNYQ Input Signal Bandwidth — — 550 kHz —
AD34b |ENOB Effective Number of Bits 9.16 9.4 — bits —
Note 1: Injection currents > | 0 | can affect the ADC results by approximately 4-6 counts (i.e., VIH source > (VDD +

0.3) or VIL source < (Vss — 0.3)).
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NOTES:
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