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PIC24FJ64GAO004 FAMILY

3.2 CPU Control Registers

REGISTER 3-1: SR: ALU STATUS REGISTER

u-0

u-0 u-0 u-0 u-0 u-0 uU-0 R/W-0

— — — — — — DC

bit 15

bit 8

R/W-01)

R/W-01) R/W-0) R-0 R/W-0 R/W-0 R/W-0 R/W-0

IPL2()

IPL1(@) IPLO®@) RA N ov z C

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 15-9
bit 8

bit 7-5

bit 4

bit 3

bit 2

bit 1

bit 0

Note 1:
2:

Unimplemented: Read as ‘0’

DC: ALU Half Carry/Borrow bit

1 = A carry-out from the 4th low-order bit (for byte-sized data) or 8th low-order bit (for word-sized data)
of the result occurred

0 = No carry-out from the 4th or 8th low-order bit of the result has occurred

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)

RA: REPEAT Loop Active bit

1 = REPEAT loop in progress

0 = REPEAT loop not in progress

N: ALU Negative bit

1 = Result was negative

0 = Result was non-negative (zero or positive)

OV: ALU Overflow bit

1 = Overflow occurred for signed (2’'s complement) arithmetic in this arithmetic operation

0 = No overflow has occurred

Z: ALU Zero bit

1 = An operation which effects the Z bit has set it at some time in the past

0 = The most recent operation which effects the Z bit has cleared it (i.e., a non-zero result)

C: ALU Carry/Borrow bit

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

—_~ o~~~

The IPL Status bits are read-only when NSTDIS (INTCON1<15>) = 1.

The IPL Status bits are concatenated with the IPL3 bit (CORCON<3>) to form the CPU Interrupt Priority
Level (IPL). The value in parentheses indicates the IPL when IPL3 = 1.
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TABLE 4-17: PARALLEL MASTER/SLAVE PORT REGISTER MAP
File Addr | Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 All
Name Resets
PMCON 0600 | PMPEN — PSIDL | ADRMUX1 | ADRMUXO | PTBEEN | PTWREN | PTRDEN | CSF1 CSFO0 ALP — CS1P BEP WRSP RDSP 0000
PMMODE | 0602 | BUSY IRQM1 IRQMO INCM1 INCMO | MODE16 | MODE1 | MODEO | WAITB1 | WAITBO | WAITM3 | WAITM2 | WAITM1 | WAITMO | WAITE1 | WAITEO | 0000
PMADDR | 0604 — CS1 — — — ADDR10 | ADDR9 | ADDR8 | ADDR7 | ADDR6 | ADDR5 | ADDR4 | ADDR3 | ADDR2 | ADDR1 | ADDRO | 0000
PMDOUT1 Parallel Port Data Out Register 1 (Buffers 0 and 1) 0000
PMDOUT2| 0606 Parallel Port Data Out Register 2 (Buffers 2 and 3) 0000
PMDIN1 0608 Parallel Port Data In Register 1 (Buffers 0 and 1) 0000
PMDIN2 060A Parallel Port Data In Register 2 (Buffers 2 and 3) 0000
PMAEN 060C — PTEN14 — — — PTEN10 | PTEN9 | PTEN8 | PTEN7 | PTEN6 | PTEN5 | PTEN4 | PTEN3 | PTEN2 | PTEN1 PTENO | 0000
PMSTAT | 060E IBF IBOV — — IB3F IB2F IB1F IBOF OBE OBUF — — OB3E OB2E OB1E OBOE 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-18: REAL-TIME CLOCK AND CALENDAR REGISTER MAP
File 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 All
Name Resets
ALRMVAL 0620 Alarm Value Register Window Based on ALRMPTR<1:0> XXXX
ALCFGRPT| 0622 | ALRMEN | CHIME | AMASK3 | AMASK2 | AMASK1 | AMASKO | ALRMPTR1|ALRMPTRO| ARPT7 | ARPT6 | ARPT5 | ARPT4 | ARPT3 | ARPT2 | ARPT1 | ARPTO | 0000
RTCVAL 0624 RTCC Value Register Window Based on RTCPTR<1:0> XXXX
RCFGCAL | 0626 | RTCEN | — [RTCWREN|RTCSYNC | HALFSEC | RTCOE | RTCPTR1 [ RTCPTRO | CAL7 | cAL6 | cALs | ca4 | cA3 | ca2 | cALt | cALo | 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-19: DUAL COMPARATOR REGISTER MAP
File . . . . . . . . . . ) ) . . . ) All
Name Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Resets
CMCON 0630 | CMIDL — C2EVT | C1EVT C2EN C1EN |[C20UTEN [C1OUTEN| C20UT | C10UT | C2INV C1INV | C2NEG | C2POS | CINEG | C1POS | 0000
CVRCON | 0632 — — — — — — — — CVREN | CVROE | CVRR | CVRSS CVR3 CVR2 CVR1 CVRO 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-20: CRC REGISTER MAP
File | addr | Bit15 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bits | Bit7 | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bit1 | Bito | A
Name Resets
CRCCON 0640 — — CSIDL |VWORD4 |VWORD3 |VWORD2 | VWORD1 |VWORDO | CRCFUL | CRCMPT — CRCGO | PLEN3 | PLEN2 | PLEN1 PLENO | 0040
CRCXOR 0642 X15 X14 X13 X12 X1 X10 X9 X8 X7 X6 X5 X4 X3 X2 X1 — 0000
CRCDAT 0644 CRC Data Input Register 0000
CRCWDAT | 0646 CRC Result Register 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

ATINVYA ¥00VO19C4¥2Old



PIC24FJ64GAO004 FAMILY

REGISTER 7-30:

IPC18: INTERRUPT PRIORITY CONTROL REGISTER 18

u-0 uU-0 u-0 uU-0 u-0 U-0 U-0 U-0
bit 15 bit 8
u-0 uU-0 U-0 U-0 U-0 R/W-1 R/W-0 R/W-0
— — — — — LVDIP2 LVDIP1 LVDIPO
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 15-3
bit 2-0

Unimplemented: Read as ‘0’
LVDIP<2:0>: Low-Voltage Detect Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)

001 = Interrupt is Priority 1
000 = Interrupt source is disabled
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REGISTER 10-19: RPOR4: PERIPHERAL PIN SELECT OUTPUT REGISTER 4

u-0 uU-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — — RP9R4 RP9R3 RP9R2 RP9R1 RP9R0O
bit 15 bit 8

uU-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — — RP8R4 RP8R3 RP8R2 RP8R1 RP8RO
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 12-8 RP9R<4:0>: Peripheral Output Function is Assigned to RP9 Output Pin bits
(see Table 10-3 for peripheral function numbers)

bit 7-5 Unimplemented: Read as ‘0’

bit 4-0 RP8R<4:0>: Peripheral Output Function is Assigned to RP8 Output Pin bits
(see Table 10-3 for peripheral function numbers)

REGISTER 10-20: RPORS5: PERIPHERAL PIN SELECT OUTPUT REGISTER 5

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

— — — RP11R4 RP11R3 RP11R2 RP11R1 RP11R0O
bit 15 bit 8

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

— — — RP10R4 RP10R3 RP10R2 RP10R1 RP10RO
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 12-8 RP11R<4:0>: Peripheral Output Function is Assigned to RP11 Output Pin bits
(see Table 10-3 for peripheral function numbers)

bit 7-5 Unimplemented: Read as ‘0’

bit 4-0 RP10R<4:0>: Peripheral Output Function is Assigned to RP10 Output Pin bits
(see Table 10-3 for peripheral function numbers)
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REGISTER 10-25: RPOR10: PERIPHERAL PIN SELECT OUTPUT REGISTER 10

u-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — RP21R4M | RP21R3W | RP21R2(M | RP21R1M) | RP21ROW
bit 15 bit 8
u-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
= = = RP20R4(M | RP20R3W | RP20R2(M | RP20R1®) | RP20ROW
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 15-13 Unimplemented: Read as ‘0’

bit 12-8 RP21R<4:0>: Peripheral Output Function is Assigned to RP21 Output Pin bits(D)
(see Table 10-3 for peripheral function numbers)

bit 7-5 Unimplemented: Read as ‘0’

bit 4-0 RP20R<4:0>: Peripheral Output Function is Assigned to RP20 Output Pin bits(H)

(see Table 10-3 for peripheral function numbers)

Note 1. These bits are only available on the 44-pin devices; otherwise, they read as ‘0’.

REGISTER 10-26: RPOR11: PERIPHERAL PIN SELECT OUTPUT REGISTER 11

u-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — RP23R4(M | RP23R3W | RP23R2(M | RP23R1M) | RP23ROW
bit 15 bit 8
u-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
= = = RP22R4(M | RP22R3W | RP22R2(M | RP22R1M) | RP22ROW
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 12-8 RP23R<4:0>: Peripheral Output Function is Assigned to RP23 Output Pin bits(D)
(see Table 10-3 for peripheral function numbers)

bit 7-5 Unimplemented: Read as ‘0’

bit 4-0 RP22R<4:0>: Peripheral Output Function is Assigned to RP22 Output Pin bits(H)
(see Table 10-3 for peripheral function numbers)

Note 1. These bits are only available on the 44-pin devices; otherwise, they read as ‘0’.
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FIGURE 12-1: TIMER2/3 AND TIMERA4/5 (32-BIT) BLOCK DIAGRAM
TCKPS<1:0>
T2CK S o TON 2
(T4CK) X > Ix
Gate Prescaler
Sync 01 1, 8, 64, 256
Tey ® 00
TGATE TGATE®
¢ ? J —— Tcs®
1 Q D
Set T3IF (T5IF =
€ ( ) 0 Q_\‘S;K
PR3 | PR2
(PR5) ' (PR4)
i (3)
A/D Event Trigger Equal
- Comparator
MSB LSB

. TMR3 | TMR2
Reset “| (TMR5) 1 (TMR4) 4@

Read TMR2 (TMR4)®
Write TMR2 (TMR4)®

TMR3HLD
(TMR5HLD)

¢

Data Bus<15:0> —

16

Note 1: The 32-Bit Timer Configuration bit, T32, must be set for 32-bit timer/counter operation. All control bits are
respective to the T2CON and T4CON registers.
2:  This peripheral’s inputs must be assigned to an available RPn pin before use. Please see
Section 10.4 “Peripheral Pin Select (PPS)” for more information.
3:  The A/D Event Trigger is available only on Timer2/3.
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14.4 Output Compare Register

REGISTER 14-1: OCxCON: OUTPUT COMPARE x CONTROL REGISTER

u-0 u-0 R/W-0 u-0 u-0 u-0 u-0 u-0
= — OCSIDL — — — — —
bit 15 bit 8
u-0 u-0 u-0 R-0, HC R/W-0 R/W-0 R/W-0 R/W-0
— = = OCFLT OCTSEL ocm2® ocm1® ocmo®
bit 7 bit 0
Legend: HC = Hardware Clearable bit

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared x = Bit is unknown

bit 15-14
bit 13

bit 12-5
bit 4

bit 3

bit 2-0

Unimplemented: Read as ‘0’
OCSIDL: Output Compare x Stop in Idle Mode Control bit

1 = Output Compare x halts in CPU Idle mode
0 = Output Compare x continues to operate in CPU Idle mode

Unimplemented: Read as ‘0’

OCFLT: PWM Fault Condition Status bit

1 = PWM Fault condition has occurred (cleared in HW only)

0 = No PWM Fault condition has occurred (this bit is only used when OCM<2:0> = 111)
OCTSEL: Output Compare x Timer Select bit

1= Timer3 is the clock source for Output Compare x

0 = Timer2 is the clock source for Output Compare x

Refer to the device data sheet for specific time bases available to the output compare module.
OCM<2:0>: Output Compare x Mode Select bits()

111 = PWM mode on OCx; Fault pin, OCFx, is enabled®

110 = PWM mode on OCx; Fault pin, OCFX, is disabled®
101 = Initializes OCx pin low, generates continuous output pulses on OCx pin
100 = Initializes OCx pin low, generates single output pulse on OCx pin
011 = Compare event toggles OCx pin
010 = Initializes OCx pin high, compare event forces OCx pin low
001 = Initializes OCx pin low, compare event forces OCx pin high
000 = Output compare channel is disabled
Note 1: RPORx (OCx) must be configured to an available RPn pin. For more information, see Section 10.4
“Peripheral Pin Select (PPS)".
2. The OCFA pin controls the OC1-OC4 channels. The OCFB pin controls the OC5 channel.

© 2010-2013 Microchip Technology Inc.
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15.0 SERIAL PERIPHERAL
INTERFACE (SPI)

Note: This data sheet summarizes the features of
this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to the
“PIC24F Family Reference Manual”,
“Serial Peripheral Interface (SPI)”

(DS39699)

The Serial Peripheral Interface (SPI) module is a
synchronous serial interface useful for communicating
with other peripheral or microcontroller devices. These
peripheral devices may be serial EEPROMSs, shift reg-
isters, display drivers, A/D Converters, etc. The SPI
module is compatible with the SPI and SIOP Motorola®
interfaces.

The module supports operation in two buffer modes. In
Standard mode, data is shifted through a single serial
buffer. In Enhanced Buffer mode, data is shifted
through an 8-level FIFO buffer.

Note: Do not perform read-modify-write opera-
tions (such as bit-oriented instructions) on
the SPIXBUF register in either Standard or
Enhanced Buffer mode.

The module also supports a basic framed SPI protocol
while operating in either Master or Slave mode. A total
of four framed SPI configurations are supported.

The SPI serial interface consists of four pins:

» SDIx: Serial Data Input
» SDOx: Serial Data Output
* SCKXx: Shift Clock Input or Output

* SSx: Active-Low Slave Select or Frame
Synchronization 1/0 Pulse

The SPI module can be configured to operate using 2,
3 or 4 pins. In the 3-pin mode, SSx is not used. In the
2-pin mode, both SDOx and SSx are not used.

Block diagrams of the module in Standard and
Enhanced modes are shown in Figure 15-1 and
Figure 15-2.

Depending on the pin count, PIC24FJ64GA004 family
devices offer one or two SPI modules on a single
device.

Note: In this section, the SPI modules are
referred to together as SPIx or separately
as SPI1 and SPI2. Special Function Reg-
isters will follow a similar notation. For
example, SPIXCON1 or SPIXCONZ2 refers
to the control register for the SPI1 or SPI2
module.

To set up the SPIx module for the Standard Master
mode of operation:

1. If using interrupts:

a) Clear the SPIXIF bit in the respective IFSx
register.

b) Set the SPIXIE bit in the respective IECx
register.

c) Write the SPIXIP bits in the respective IPCx
register to set the interrupt priority.

2. Write the desired settings to the SPIXCON1
and SPIXCON2 registers with the MSTEN bit
(SPIXCON1<5>) = 1.

3. Clear the SPIROV bit (SPIXSTAT<6>).

4. Enable SPIx operation by setting the SPIEN bit
(SPIXSTAT<15>).

5. Write the data to be transmitted to the SPIXBUF
register. Transmission (and reception) will start
as soon as data is written to the SPIXBUF
register.

To set up the SPIx module for the Standard Slave mode

of operation:

1. Clear the SPIXBUF register.

2. If using interrupts:

a) Clear the SPIXIF bit in the respective IFSx
register.

b) Set the SPIXIE bit in the respective IECx
register.

c) Write the SPIxIP bits in the respective IPCx
register to set the interrupt priority.

3. Write the desired settings to the SPIXCON1
and SPIXCON2 registers with the MSTEN bit
(SPIXCON1<5>) = 0.

4. Clear the SMP bit (SPIXCON1<9>).

5. If the CKE bit is set, then the SSEN_bit
(SPIXCON1<7>) must be set to enable the SSx
pin.

6. Clear the SPIROV bit (SPIXSTAT<6>).

7. Enable SPIx operation by setting the SPIEN bit
(SPIXSTAT<15>).

© 2010-2013 Microchip Technology Inc.
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FIGURE 15-5: SPIx MASTER, FRAME MASTER CONNECTION DIAGRAM

PIC24F |
(SPI Slave, Frame Slave) | |
I

SDOX 1—»: SDIx
|
| |

SDIx <@—————— SDOx

I Serial Clock I
SCKx —— P SCKXx

I

SSx
I Frame Sync
| Pulse

|
|
: SSx

FIGURE 15-6: SPIx MASTER, FRAME SLAVE CONNECTION DIAGRAM

PIC24F PROCESSOR 2

SPI Master, Frame Slave)

SDOX [———————» SDIx

SDIx l<@—————— SDOx

I Serial Clock !
SCKx ——— P SCKXx

| |
SSx ———1 SSx

| Frame Sync |

| Pulse |

FIGURE 15-7: SPIx SLAVE, FRAME MASTER CONNECTION DIAGRAM

PIC24F I PROCESSOR 2

I
(SPI Slave, Frame Slave) | |
I

|

| |

! SDOx L—— ! SDIxX
I I |

: SDIx -<@————— SDOx
: | Serial Clock !

|

|

|

|

SCKx — SCKx
| |

SSx -——p»! Ssx
I Frame Sync |
| Pulse |

FIGURE 15-8: SPIx SLAVE, FRAME SLAVE CONNECTION DIAGRAM

PIC24F PROCESSOR 2

(SPI Master, Frame Slave)
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| |
| |
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I Serial Clock !
SCKx le————— 3 SCKx
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REGISTER 16-2: [2CxSTAT: I12Cx STATUS REGISTER

R-0, HSC R-0, HSC U-0 u-0 U-0 R/C-0, HS R-0, HSC R-0, HSC
ACKSTATD |  TRSTAT = = = BCL GCSTAT ADD10
bit 15 bit 8

R/C-0, HS R/C-0, HS R-0,HSC R/C-0,HSC R/C-0,HSC R-0, HSC R-0, HSC R-0, HSC

wcoL [ icov | oA | p | s | RrRW | ReF | TBF
bit 7 bit 0
Legend: C = Clearable bit HS = Hardware Settable 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

HSC = Hardware Settable/Clearable bit

bit 15 ACKSTAT: Acknowledge Status bit®)

1 = NACK was detected last

0 = ACK was detected last

Hardware is set or clear at the end of Acknowledge.
bit 14 TRSTAT: Transmit Status bit (when operating as I2C™ master, applicable to master transmit operation)

1 = Master transmit is in progress (8 bits + ACK)

0 = Master transmit is not in progress

Hardware is set at the beginning of master transmission. Hardware is clear at the end of slave Acknowledge.
bit 13-11 Unimplemented: Read as ‘0’
bit 10 BCL: Master Bus Collision Detect bit

1 = A bus collision has been detected during a master operation

0 = No collision

Hardware is set at the detection of bus collision.
bit 9 GCSTAT: General Call Status bit

1 = General call address was received

0 = General call address was not received

Hardware is set when an address matches the general call address. Hardware is clear at Stop detection.
bit 8 ADD10: 10-Bit Address Status bit

1 = 10-bit address was matched

0 = 10-bit address was not matched

Hardware is set at the match of the 2nd byte of matched 10-bit address. Hardware is clear at Stop detection.
bit 7 IWCOL: 12Cx Write Collision Detect bit

1 = An attempt to write to the I2CxTRN register failed because the I2C module is busy

0 = No collision

Hardware is set at the occurrence of a write to I2CxTRN while busy (cleared by software).
bit 6 12COV: 12Cx Receive Overflow Flag bit

1 = A byte was received while the I2CxRCYV register is still holding the previous byte

0 = No overflow

Hardware is set at an attempt to transfer I2CxRSR to I2CxRCV (cleared by software).

Note 1: Inboth Master and Slave modes, the ACKSTAT bit is only updated when transmitting data resulting in the
reception of an ACK or NACK from another device. Do not check the state of ACKSTAT when receiving
data, either as a slave or a master. Reading ACKSTAT after receiving address or data bytes returns an
invalid result.
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17.1 UARTx Baud Rate Generator (BRG)

The UARTx module includes a dedicated 16-bit Baud
Rate Generator. The UxBRG register controls the
period of a free-running, 16-bit timer. Equation 17-1
shows the formula for computation of the baud rate
with BRGH = 0.

EQUATION 17-1: UARTx BAUD RATE WITH

BRGH = 0®
Baud Rate= — <
16 » (UXBRG + 1)
Fcy
==Y 1
UXBRG = e Baud Rate

Note 1: Based on Fcy = Fosc/2; Doze mode
and PLL are disabled.

Example 17-1 shows the calculation of the baud rate
error for the following conditions:

e FCcYy =4 MHz
* Desired Baud Rate = 9600

EXAMPLE 17-1:

The maximum baud rate (BRGH = 0) possible is
Fcy/16 (for UXBRG = 0) and the minimum baud rate
possible is FCY/(16 * 65536).

Equation 17-2 shows the formula for computation of
the baud rate with BRGH = 1.

EQUATION 17-2: UARTx BAUD RATE WITH

BRGH =1(®
_ Fcy
Baud Rate = - UxBRG + 1)
_ Fcy _
UXBRG = — 5 ad Rate

Note 1: Basedon Fcy =Fosc/2; Doze mode
and PLL are disabled.

The maximum baud rate (BRGH = 1) possible is Fcy/4
(for UXBRG = 0) and the minimum baud rate possible
is FCY/(4 * 65536).

Writing a new value to the UXBRG register causes the
BRG timer to be reset (cleared). This ensures the BRG
does not wait for a timer overflow before generating the
new baud rate.

BAUD RATE ERROR CALCULATION (BRGH = 0)®

Desired Baud Rate = Fcy/(16 (UXBRG + 1))

Error
Desired Baud Rate
(9615 — 9600)/9600
0.16%

Solving for UXBRG vaue:
UxBRG = ((Fcy/Desired Baud Rate)/16) — 1
UxBRG = ((4000000/9600)/16) — 1
UXBRG = 25
Cdlculated Baud Rate = 4000000/(16 (25 + 1))
= 9615

(Calculated Baud Rate — Desired Baud Rate)

Note 1: Based on Fcy = Fosc/2; Doze mode and PLL are disabled.
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REGISTER 17-1:

UxMODE: UARTx MODE REGISTER

R/W-0 u-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0®) R/W-0()
UARTEN® — USIDL IREN®) RTSMD — UEN1 UENO
bit 15 bit 8
R/C-0, HC R/W-0 R/W-0, HC R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
WAKE LPBACK ABAUD RXINV BRGH PDSEL1 PDSELO STSEL
bit 7 bit 0
Legend: C = Clearable bit HC = Hardware Clearable bit

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared x = Bit is unknown

bit 15

bit 14
bit 13

bit 12

bit 11

bit 10
bit 9-8

bit 7

bit 6

bit 5

Note 1:

UARTEN: UARTX Enable bit(%)

1 = UARTX is enabled; all UARTX pins are controlled by UARTX as defined by UEN<1:0>

0 = UARTXx is disabled; all UARTX pins are controlled by PORT latches; UARTx power consumption is
minimal

Unimplemented: Read as ‘0’

USIDL: UARTX Stop in Idle Mode bit

1 = Discontinues module operation when device enters Idle mode

0 = Continues module operation in Idle mode

IREN: IrDA® Encoder and Decoder Enable bit(®

1 = IrDA encoder and decoder are enabled

0 = IrDA encoder and decoder are disabled

RTSMD: Mode Selection for UXRTS Pin bit

1 = UxRTS pin in Simplex mode

0 = UxRTS pin in Flow Control mode

Unimplemented: Read as ‘0’

UEN<1:0>: UARTx Enable bits()

11 = UxXTX, UxRX and BCLKXx pins are enabled and used; UxXCTS pin is controlled by PORT latches

10 = UxTX, UxRX, UxCTS and UxRTS pins are enabled and used

01 = UxTX, UxRX and UxRTS pins are enabled and used; UxCTS pin is controlled by PORT latches

00 = UxTX and UxRX pins are enabled and used; UXCTS and UxRTS/BCLKX pins are controlled by PORT
latches

WAKE: Wake-up on Start Bit Detect During Sleep Mode Enable bit

1 = UARTx will continue to sample the UxRX pin; interrupt is generated on falling edge, bit is cleared in
hardware on following rising edge

0 = No wake-up is enabled

LPBACK: UARTx Loopback Mode Select bit

1 = Enables Loopback mode

0 = Loopback mode is disabled

ABAUD: Auto-Baud Enable bit

1 = Enables baud rate measurement on the next character — requires reception of a Sync field (55h);
cleared in hardware upon completion

0 = Baud rate measurement is disabled or completed

If UARTEN = 1, the peripheral inputs and outputs must be configured to an available RPn pin. See
Section 10.4 “Peripheral Pin Select (PPS)” for more information.

This feature is only available for the 16x BRG mode (BRGH = 0).
Bit availability depends on pin availability.
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REGISTER 17-2: UxSTA: UARTx STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 u-0 R/W-0, HC R/W-0 R-0 R-1
UTXISEL1 UTXINV UTXISELO — UTXBRK UTXENW UTXBF TRMT
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R-1 R-0 R-0 R/C-0 R-0
URXISEL1 URXISELO ADDEN RIDLE PERR FERR OERR URXDA
bit 7 bit 0
Legend: C = Clearable bit HC = Hardware 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 15,13 UTXISEL<1:0>: UARTx Transmission Interrupt Mode Selection bits

11 = Reserved; do not use

10 = Interrupt when a character is transferred to the Transmit Shift Register (TSR) and as a result, the
transmit buffer becomes empty

01 = Interrupt when the last character is shifted out of the Transmit Shift Register; all transmit
operations are completed

00 = Interrupt when a character is transferred to the Transmit Shift Register (this implies there is at least
one character open in the transmit buffer)

bit 14 UTXINV: IrDA® Encoder Transmit Polarity Inversion bit
If IREN = 0:

1 = UxTX Idle state is ‘0’
0 = UxTX Idle state is ‘1’

IfIREN =1:
1 = UxTX Idle state is ‘1’
0 = UxTX Idle state is ‘0’
bit 12 Unimplemented: Read as ‘0’
bit 11 UTXBRK: UARTXx Transmit Break bit
1 = Sends Sync Break on next transmission — Start bit, followed by twelve ‘0’ bits, followed by Stop bit;
cleared by hardware upon completion
0 = Sync Break transmission is disabled or completed
bit 10 UTXEN: UARTX Transmit Enable bit(*)
1 = Transmit is enabled, UXTX pin is controlled by UARTx
0 = Transmit is disabled, any pending transmission is aborted and buffer is reset; UXTX pin is controlled
by the PORT register
bit 9 UTXBF: UARTx Transmit Buffer Full Status bit (read-only)
1 = Transmit buffer is full
0 = Transmit buffer is not full, at least one more character can be written
bit 8 TRMT: Transmit Shift Register Empty bit (read-only)
1 = Transmit Shift Register is empty and transmit buffer is empty (the last transmission has completed)
0 = Transmit Shift Register is not empty, a transmission is in progress or queued
bit 7-6 URXISEL<1:0>: UARTXx Receive Interrupt Mode Selection bits

11 = Interrupt is set on RSR transfer, making the receive buffer full (i.e., has 4 data characters)

10 = Interrupt is set on RSR transfer, making the receive buffer 3/4 full (i.e., has 3 data characters)

Ox = Interruptis set when any character is received and transferred from the RSR to the receive buffer;
receive buffer has one or more characters

Note 1: If UARTEN = 1, the peripheral inputs and outputs must be configured to an available RPn pin. See
Section 10.4 “Peripheral Pin Select (PPS)” for more information.
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FIGURE 18-5: MASTER MODE, PARTIALLY MULTIPLEXED ADDRESSING (SEPARATE READ
AND WRITE STROBES, SINGLE CHIP SELECT)
PIC24F —}& PMA<10:8>
X BRI
4& PMCS1
K PMALL Address Bus —
Multiplexed ——
4& PMRD Data and
Address Bus
4% PMWR Control Lines
FIGURE 18-6: MASTER MODE, FULLY MULTIPLEXED ADDRESSING (SEPARATE READ AND
WRITE STROBES, SINGLE CHIP SELECT)
PMD<7:0>
PIC24F D sty
4& PMCS1
4@ PMALL
4& PMALH
Multiplexed —
4@ PMRD Data and
Address Bus
4@ PMWR Control Lines
FIGURE 18-7: EXAMPLE OF A MULTIPLEXED ADDRESSING APPLICATION
PIC24F
PMD<7:0> |« P 373 LASTOZ P A<15:0>
PMALL A
< D<7:0> | D<7:0>
A<15:8> CE
P 373 ' OE WR
PMALH A A
PMCS1 Address Bus —
PMRD Data Bus —
PMWR Control Lines Em—
FIGURE 18-8: EXAMPLE OF A PARTIALLY MULTIPLEXED ADDRESSING APPLICATION
PIC24F
PMD<7:0> |4 Y R 'y P A<10:0>
PMALL 1 <705
: P | D<7:0>
PMA<10:8> analie I_> CE
PMCST OE  WR] Address Bus —
PMRD * A Data Bus —
PMWR Control Lines e
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FIGURE 18-9: EXAMPLE OF AN 8-BIT MULTIPLEXED ADDRESS AND DATA APPLICATION
PIC24F Parallel Peripheral
PMD<7:0> || AD<7:0>
PMALL > ALE
PMCS1 > CS Address Bus —
PMRD > R__D Data Bus —
PMWR > WR Control Lines _
FIGURE 18-10: PARALLEL EEPROM EXAMPLE (UP TO 11-BIT ADDRESS, 8-BIT DATA)
PIC24F Parallel EEPROM
PMA<n:0> P A<n:0>
PMD<7:0> |@ellpy| D<7:0>
PMCS1 »| CE
- — Address Bus —
PMRD »| OE
R — Data Bus ——
PMWR > WR
Control Lines _—
FIGURE 18-11: PARALLEL EEPROM EXAMPLE (UP TO 11-BIT ADDRESS, 16-BIT DATA)
PIC24F Parallel EEPROM
PMA<n:0> P A<n:1>
PMD<7:0> | @iy | D<7:0>
PMBE > AQ
Pﬁ > C_E Address Bus —
PMRD » OE
- — Data Bus —
PMWR > WR .
Control Lines e
FIGURE 18-12: LCD CONTROL EXAMPLE (BYTE MODE OPERATION)
PIC24F LCD Controller
PM<7:0> | P| D<7:0>
PMAO »| RS
PMRD/PMWR > RIW Address Bus —
PMCS1 > E Data Bus —
Control Lines e
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23.0 COMPARATOR VOLTAGE
REFERENCE

This data sheet summarizes the features of
this group of PIC24F devices. It is not
intended to be a comprehensive reference
source. For more information, refer to
the “PIC24F Family Reference Manual”,
“Comparator Voltage Reference
Module” (DS39709).

Note:

23.1 Configuring the Comparator

Voltage Reference

The comparator voltage reference module is controlled
through the CVRCON register (Register 23-1). The
comparator voltage reference provides two ranges of

output voltage, each with 16 distinct levels. The range
to be used is selected by the CVRR bit (CVRCON<5>).
The primary difference between the ranges is the size
of the steps selected by the CVREF Selection bits
(CVR<3:0>), with one range offering finer resolution.

The comparator reference supply voltage can come
from either VDD and Vss, or the external VREF+ and
VREF-. The voltage source is selected by the CVRSS
bit (CVRCON<4>).

The settling time of the comparator voltage reference
must be considered when changing the CVREF
output.

FIGURE 23-1: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM
CVRSS =1
VREF+ |
oy o
AVDD
CVRSS =0 R CVR<3:0>
CVREN R \LL
RS
R
R § x
T =
16 Steps < : . = B CVREF
. e
i : &
RZ
RS
RS |
CVRR | 1 % 8R
CVRSS = 1
VREF- f—— '
~N__ |
l CVRSS =0
— AVss
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TABLE 27-6: DC CHARACTERISTICS: POWER-DOWN CURRENT (IpD) (CONTINUED)
Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Parilrgeter Typical® Max Units Conditions
Power-Down Current (IPD): PMD Bits are Set, PMSLP Bit is ‘0@
DC62 8 16 pA -40°C
DC62a 12 16 pA +25°C
DC62m 12 16 pA +60°C 2.0vV®
DC62b 12 16 pA +85°C
DC62j 18 23 pA +125°C
DC62c 9 16 pA -40°C
DC62d 12 16 pA +25°C )
DC62n 12 16 uA B0°C | 26V N e e st
DC62e 12.5 16 pA +85°C
DC62k 20 25 pA +125°C
DC62f 10.3 18 pA -40°C
DC62g 134 18 pA +25°C
DC620 14.0 18 pA +60°C 3.3v®
DC62h 14.2 18 pA +85°C
DC62I 23 28 pA +125°C
DC63 2 — pA -40°C
DC63a 2 — pA +25°C 2.0v©®
DC63b 6 — pA +85°C
DC63c 2 _ pA -40°C RTCC + Timer1 w/Low-Power
oo |2 | | | e | aeve |[SMECHR
DC63e 7 — pA +85°C AlTI320)
DC63f 2 — pA -40°C
DC63g 3 — pA +25°C 3.3v4
DC63h 7 — pA +85°C
Note 1. Data inthe Typical column is at 3.3V, +25°C unless otherwise stated. Parameters are for design guidance

only and are not tested.
2: Base IPD is measured with all peripherals and clocks shut down. All I/Os are configured as inputs and
pulled high. WDT, etc., are all switched off.

w

On-chip voltage regulator is disabled (DISVREG tied to VDD).

4: On-chip voltage regulator is enabled (DISVREG tied to Vss). Low-Voltage Detect (LVD) and Brown-out
Detect (BOD) are enabled.
5:  The A current is the additional current consumed when the module is enabled. This current should be
added to the base IPD current.

© 2010-2013 Microchip Technology Inc.
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TABLE 27-8: DC CHARACTERISTICS: I/O PIN OUTPUT SPECIFICATIONS
Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pz—:\;glm Sym Characteristic Min Typ® | Max Units Conditions
VoL Output Low Voltage
DO10 All I/O Pins — — 0.4 Vv loL = 8.5 mA, VDD = 3.6V
— — 0.4 \% oL =5.0 mA, VDD = 2.0V
DO16 All I/O Pins — — 0.4 \% loL = 8.0 mA, VDD = 3.6V, +125°C
— — 0.4 \% oL = 4.5 mA, VDD = 2.0V, +125°C
VOH Output High Voltage
D020 All I/O Pins 3 — — \% IoH =-3.0 mA, VDD = 3.6V
1.65 — — \% IoH =-1.0 mA, VDD = 2.0V
DO26 All I/O Pins 3 — — \% IoH = -2.5 mA, VDD = 3.6V, +125°C
1.65 — — \% IoH =-0.5 mA, VDD = 2.0V, +125°C
Note 1: Datain “Typ” column is at +25°C unless otherwise stated. Parameters are for design guidance only and are not
tested.
TABLE 27-9: DC CHARACTERISTICS: PROGRAM MEMORY
Standard Operating Conditions: 2.0V to 3.6V (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
P;a\lr:m Sym Characteristic Min Typ(l) Max Units Conditions
Program Flash Memory
D130 EP Cell Endurance 10000 — — E/W [-40°C to +125°C
D131 VPR VDD for Read VMIN — 3.6 V  |VMIN = Minimum operating voltage
D132B |VPEw |VDDCORE for Self-Timed 2.25 — 2.75 \%
Write
D133A |Tiw Self-Timed Write Cycle — 3 — ms
Time
D134 TRETD |Characteristic Retention 20 — — Year |Provided no other specifications are
violated
D135 IbbP | Supply Current during — 7 — mA
Programming
Note 1: Datain “Typ” column is at 3.3V, +25°C unless otherwise stated.

DS39881E-page 242

© 2010-2013 Microchip Technology Inc.



PIC24FJ64GA004 FAMILY

28.0 PACKAGING INFORMATION

28.1 Package Marking Information

28-Lead SPDIP (.300") Example
- e3
> O R YYWWNNN > O (W 1310017 O
28-Lead SSOP (5.30 mm) Example
XXXXXXXXXXXX 24FJ16GA002
XXXXXXXXXXXX /SSe3d
YYWWNNN 1310017
0% o %
28-Lead SOIC (7.50 mm) Example
XXXXXXXXXXXXXXXXXXXX PIC24FJ16GA002/SO®E3
XXXXXXXXXXXXXXXXXXXX R\ 1310017
XXXXXXXXXXXXXXXXX XXX '
YYWWNNN
@) S @)

Legend: XX...X Customer-specific information

Y Year code (last digit of calendar year)

YY Year code (last 2 digits of calendar year)

ww Week code (week of January 1 is week ‘01’)

NNN Alphanumeric traceability code
Pb-free JEDEC designator for Matte Tin (Sn)

* This package is Pb-free. The Pb-free JEDEC designator ()
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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44-Lead Plastic Quad Flat, No Lead Package (ML) - 8x8 mm Body [QFN]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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