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TABLE 4-15: ADC REGISTER MAP

N'Zrllfe 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 Bit0 | All Resets
ADC1BUF0 | 0300 ADC Data Buffer 0 XXXX
ADC1BUF1 | 0302 ADC Data Buffer 1 XXXX
ADC1BUF2 | 0304 ADC Data Buffer 2 XXXX
ADC1BUF3 | 0306 ADC Data Buffer 3 XXXX
ADC1BUF4 | 0308 ADC Data Buffer 4 XXXX
ADC1BUF5 | 030A ADC Data Buffer 5 XXXX
ADC1BUF6 | 030C ADC Data Buffer 6 XXXX
ADC1BUF7 | 030E ADC Data Buffer 7 XXXX
ADC1BUF8 | 0310 ADC Data Buffer 8 XXXX
ADC1BUF9 | 0312 ADC Data Buffer 9 XXXX
ADC1BUFA | 0314 ADC Data Buffer 10 XXXX
ADC1BUFB| 0316 ADC Data Buffer 11 XXXX
ADC1BUFC| 0318 ADC Data Buffer 12 XXXX
ADC1BUFD| 031A ADC Data Buffer 13 XXXX
ADC1BUFE| 031C ADC Data Buffer 14 XXXX
ADC1BUFF | 031E ADC Data Buffer 15 XXXX
AD1CON1 0320 ADON — ADSIDL — — — FORM1 | FORMO | SSRC2 | SSRC1 | SSRCO — — ASAM SAMP DONE 0000
AD1CON2 0322 | VCFG2 | VCFG1 | VCFGO | OFFCAL — CSCNA — — BUFS — SMPI3 SMPI2 SMPI1 SMPIO BUFM ALTS 0000
AD1CON3 0324 ADRC — — SAMC4 SAMC3 | SAMC2 | SAMC1 | SAMCO — — ADCS5 | ADCS4 | ADCS3 | ADCS2 | ADCS1 | ADCSO 0000
AD1CHS 0328 | CHONB — — — CHOSB3 | CHOSB2 | CHOSB1 | CHOSBO | CHONA — — CHOSA4 | CHOSA3 | CHOSA2 | CHOSA1 | CHOSAO 0000
AD1PCFG | 032C = = — | PCFG12M |PCFG11Y| PCFG10 = = = = PCFG5 | PCFG4 | PCFG3 | PCFG2 | PCFG1 | PCFGO | 0000
AD1CSSL 0330 — — — cssL12® | cssL11@ | ¢ssL10 — — — — CSSL5 | CSsL4 CSSL3 CSSL2 CSSL1 CSSLO 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: These bits are not implemented on 14-pin devices.
TABLE 4-16: CTMU REGISTER MAP

N'Zrlse Addr| Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 Reps\ltlatS
CTMUCON |033C [CTMUEN| — |CTMUSIDL| TGEN | EDGEN | EDGSEQEN | IDISSEN | CTTRIG | EDG2POL | EDG2SEL1 | EDG2SELO | EDG1POL | EDG1SEL1 | EDG1SELO | EDG2STAT | EDG1STAT | 0000
CTMUICON |033E | ITRIM5 |ITRIM4| ITRIM3 [ITRIM2| ITRIM1 ITRIMO IRNG1 | IRNGO — — — — — — — — 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

ATINVA TOZVHY04¥2Old
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5.2 RTSP Operation

The PIC24F Flash program memory array is organized
into rows of 32 instructions or 96 bytes. RTSP allows
the user to erase blocks of 1 row, 2 rows and 4 rows
(32, 64 and 128 instructions) at a time and to program
one row at a time. It is also possible to program single
words.

The 1-row (96 bytes), 2-row (192 bytes) and 4-row
(384 bytes) erase blocks and single row write block
(96 bytes) are edge-aligned, from the beginning of
program memory.

When data is written to program memory using TBLWI
instructions, the data is not written directly to memory.
Instead, data written using table writes is stored in holding
latches until the programming sequence is executed.

Any number of TBLWI instructions can be executed
and a write will be successfully performed. However,
32 TBLW instructions are required to write the full row
of memory.

The basic sequence for RTSP programming is to set up
a Table Pointer, then do a series of TBLWI instructions to
load the buffers. Programming is performed by setting
the control bits in the NVMCON register.

Data can be loaded in any order and the holding
registers can be written to multiple times before
performing a write operation. Subsequent writes,
however, will wipe out any previous writes.

Note:  Writing to a location multiple times without
erasing it is not recommended.

All of the table write operations are single-word writes
(two instruction cycles), because only the buffers are
written. A programming cycle is required for
programming each row.

5.3 Enhanced In-Circuit Serial
Programming

Enhanced ICSP uses an on-board bootloader, known
as the program executive, to manage the programming
process. Using an SPI data frame format, the program
executive can erase, program and verify program
memory. For more information on Enhanced ICSP, see
the device programming specification.

54 Control Registers

There are two SFRs used to read and write the
program Flash memory: NVMCON and NVMKEY.

The NVMCON register (Register 5-1) controls the
blocks that need to be erased, which memory type is to
be programmed and when the programming cycle
starts.

NVMKEY is a write-only register that is used for write
protection. To start a programming or erase sequence,
the user must consecutively write 55h and AAh to the
NVMKEY register. Refer to Section 5.5 “Programming
Operations” for further details.

55 Programming Operations

A complete programming sequence is necessary for
programming or erasing the internal Flash in RTSP
mode. During a programming or erase operation, the
processor stalls (waits) until the operation is finished.
Setting the WR bit (NVMCON<15>) starts the
operation and the WR bit is automatically cleared when
the operation is finished.

DS30009937C-page 44
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6.2 Device Reset Times

The Reset times for various types of device Reset are
summarized in Table 6-3. Note that the system Reset
signal, SYSRST, is released after the POR and PWRT
delay times expire.

The time at which the device actually begins to execute
code will also depend on the system oscillator delays,
which include the Oscillator Start-up Timer (OST) and
the PLL lock time. The OST and PLL lock times occur
in parallel with the applicable SYSRST delay times.

The FSCM delay determines the time at which the
FSCM begins to monitor the system clock source after

the SYSRST signal is released.

TABLE 6-3: RESET DELAY TIMES FOR VARIOUS DEVICE RESETS
Reset Type Clock Source SYSRST Delay SyStS::ailOCk Notes
POR®) EC TPOR + TPWRT — 1,2
FRC, FRCDIV TPOR + TPWRT TFRC 1,2,3
LPRC TPOR + TPWRT TLPRC 1,2,3
ECPLL TPOR + TPWRT TLOCK 1,2,4
FRCPLL TPOR + TPWRT TFRC + TLOCK |1, 2, 3,4
XT, HS, SOSC TPOR+ TPWRT TosT 1,2,5
XTPLL, HSPLL TPOR + TPWRT TosT + TLocK |1, 2,4,5
BOR EC TPWRT — 2
FRC, FRCDIV TPWRT TFRC 2,3
LPRC TPWRT TLPRC 2,3
ECPLL TPWRT TLOCK 2,4
FRCPLL TPWRT TFRC + TLOCK |2, 3,4
XT, HS, SOSC TPWRT TosT 2,5
XTPLL, HSPLL TPWRT TFRC + TLOCK |2, 3,4
All Others Any Clock — — None

Note 1: TPOR = Power-on Reset delay.

2. TPWRT = 64 ms nominal if the Power-up Timer is enabled; otherwise, it is zero.

TFRC and TLPRC = RC Oscillator start-up times.

3
4: TrLocK = PLL lock time.
5

TosT = Oscillator Start-up Timer (OST). A 10-bit counter waits 1024 oscillator periods before releasing

oscillator clock to the system.

@

If Two-Speed Start-up is enabled, regardless of the Primary Oscillator selected, the device starts with FRC,
and in such cases, FRC start-up time is valid.

Note:  For detailed operating frequency and timing specifications, see Section 26.0 “Electrical Characteristics”.

DS30009937C-page 54
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6.3 Brown-out Reset (BOR)

The PIC24F04KA201 family devices implement a BOR
circuit, which provides the user several configuration
and power-saving options. The BOR is controlled by
the <BORV1:BORV0> and (BOREN<1:0>) Configura-
tion bits (FPOR<6:5,1:0>). There are a total of four
BOR configurations, which are provided in Table 6.3.1.

The BOR threshold is set by the BORV<1:0> bits. If
BOR is enabled (any values of BOREN<1:0>, except
‘00’), any drop of VDD below the set threshold point will
reset the device. The chip will remain in BOR until VDD
rises above threshold.

If the Power-up Timer is enabled, it will be invoked after
VDD rises above the threshold; it, then, will keep the chip
in Reset for an additional time delay, TPWRT, if VDD drops
below the threshold while the power-up timer is running.
The chip goes back into a BOR and the Power-up Timer
will be initialized. Once VDD rises above the threshold,
the Power-up Timer will execute the additional time
delay.

BOR and the Power-up Timer are independently
configured. Enabling the BOR Reset does not
automatically enable the PWRT.

6.3.1 SOFTWARE ENABLED BOR

When BOREN<1:0> = 01, the BOR can be enabled or
disabled by the user in software. This is done with the
control bit, SBOREN (RCON<13>). Setting SBOREN
enables the BOR to function as previously described.
Clearing the SBOREN disables the BOR entirely. The
SBOREN bit operates only in this mode; otherwise, it is
read as ‘0’.

Placing BOR under software control gives the user the
additional flexibility of tailoring the application to its
environment without having to reprogram the device to
change the BOR configuration. It also allows the user
to tailor the incremental current that the BOR con-
sumes. While the BOR current is typically very small, it
may have some impact in low-power applications.

Note: Even when the BOR is under software
control, the BOR Reset voltage level is still
set by the BORV1:BORVO Configuration
bits. It can not be changed in software.

6.3.2 DETECTING BOR

When BOR is enabled, the BOR bit (RCON<1>) is
always reset to ‘1’ on any BOR or POR event. This
makes it difficult to determine if a BOR event has
occurred just by reading the state of BOR alone. A
more reliable method is to simultaneously check the
state of both POR and BOR. This assumes that the
POR and BOR bits are reset to ‘0’ in the software
immediately after any POR event. If the BOR bit is ‘1’
while POR is ‘0’, it can be reliably assumed that a BOR
event has occurred.

Note: Even when the device exits from Deep
Sleep mode, both the POR and BOR are
set.

6.3.3 DISABLING BOR IN SLEEP MODE

When BOREN<1:0> = 10, BOR remains under hard-
ware control and operates as previously described.
However, whenever the device enters Sleep mode,
BOR is automatically disabled. When the device
returns to any other operating mode, BOR is
automatically re-enabled.

This mode allows for applications to recover from
brown-out situations, while actively executing code,
when the device requires BOR protection the most. At
the same time, it saves additional power in Sleep mode
by eliminating the small incremental BOR current.

6.3.4 DEEP SLEEP BOR (DSBOR)

Deep Sleep BOR is a very low-power BOR circuitry.
Due to low current consumption, accuracy may vary.
DSBOR occurs anywhere between 1.55V and 1.95V.

DSBOR is selected in configuration through the
BORV<1:0> (FPOR<6:5>) bits = 00.

DSBOR re-arms the POR anywhere between 1.55V
and 1.95V; however, below 1.55V, the POR is asserted.

© 2009-2014 Microchip Technology Inc.
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REGISTER 7-6: IFS1: INTERRUPT FLAG STATUS REGISTER 1
u-0 u-0 R/W-0, HS u-0 u-0 U-0 U-0 U-0
— — | INT2IF | — | — | — — —
bit 15 bit 8
u-0 u-0 u-0 R/W-0,HS R/W-0,HS R/W-0, HS R/W-0 R/W-0
— — — INT1IF CNIF CMIF MI2C1IF SI2C1IF
bit 7 bit 0
Legend: HS = Hardware Settable 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

bit 1

bit 0

Unimplemented: Read as ‘0’
INT2IF: External Interrupt 2 Flag Status bit

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

Unimplemented: Read as ‘0’
INT1IF: External Interrupt 1 Flag Status bit

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

CNIF: Input Change Notification Interrupt Flag Status bit

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

CMIF: Comparator Interrupt Flag Status bit

1 = Interrupt request has occurred

0 = Interrupt request has not occurred

MI2C1IF: Master 12C1 Event Interrupt Flag Status bit
1 = Interrupt request has occurred

0 = Interrupt request has not occurred

SI2C1IF: Slave 12C1 Event Interrupt Flag Status bit
1 = Interrupt request has occurred

0 = Interrupt request has not occurred

© 2009-2014 Microchip Technology Inc.
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REGISTER 7-17: IPC7: INTERRUPT PRIORITY CONTROL REGISTER 7

u-0 u-0 u-0 u-0 u-0 U-0 U-0 U-0
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 u-0 U-0 U-0 u-0
— INT2IP2 INT2IP1 INT2IPO — — — —
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 15-7 Unimplemented: Read as ‘0’
bit 6-4 INT2IP<2:0>: External Interrupt 2 Priority bits

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

bit 3-0 Unimplemented: Read as ‘0’

DS30009937C-page 76 © 2009-2014 Microchip Technology Inc.
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REGISTER 8-1: OSCCON: OSCILLATOR CONTROL REGISTER (CONTINUED)

bit 7 CLKLOCK: Clock Selection Lock Enabled bit

If FSCM is enabled (FCKSM1 = 1):
1 = Clock and PLL selections are locked
0 = Clock and PLL selections are not locked and may be modified by setting the OSWEN bit

If FSCM is disabled (FCKSM1 = 0):
Clock and PLL selections are never locked and may be modified by setting the OSWEN bit.

bit 6 Unimplemented: Read as ‘0’

bit 5 LOCK: PLL Lock Status bit(®
1 = PLL module is in lock or PLL module start-up timer is satisfied
0 = PLL module is out of lock, PLL start-up timer is running or PLL is disabled

bit 4 Unimplemented: Read as ‘0’
bit 3 CF: Clock Fail Detect bit

1 = FSCM has detected a clock failure
0 = No clock failure has been detected

bit 2 Unimplemented: Read as ‘0’
bit 1 SOSCEN: 32 kHz Secondary Oscillator (SOSC) Enable bit

1 = Enable secondary oscillator
0 = Disable secondary oscillator

bit 0 OSWEN: Oscillator Switch Enable bit

1 = Initiate an oscillator switch to clock source specified by NOSC<2:0> bits
0 = Oscillator switch is complete

Note 1. Reset values for these bits are determined by the FNOSC Configuration bits.
2. Also resets to ‘0’ during any valid clock switch or whenever a non-PLL Clock mode is selected.

DS30009937C-page 84 © 2009-2014 Microchip Technology Inc.
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FIGURE 12-1: TIMER2/3 (32-BIT) BLOCK DIAGRAM
TCKPS<1:0>
TON 2
T2CK % ’@ 'S 1x %
Gate Prescaler
Sync 01 1, 8, 64, 256
Tey . 00
TGATE TGATE
$ I J —— TCS
1 Q D
Set T3IF =
0 Q \CK
PR3 | PR2
ADC Event Trigger *
-< Equal Comparator
MSB * LSB
- |
Resel > TMR3 , TMR2 Sync

Read TMR2()
Write TMR2(D

TMR3HLD

Data Bus<15:0>

Note 1: The 32-Bit Timer Configuration (T32) bit must be set for 32-bit timer/counter operation. All control bits
are respective to the T2CON register.
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REGISTER 16-1: [2C1CON: 12C1 CONTROL REGISTER (CONTINUED)

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

ACKDT: Acknowledge Data bit (when operating as I2C master; applicable during master receive)

Value that will be transmitted when the software initiates an Acknowledge sequence.
1 = Sends NACK during Acknowledge
0 = Sends ACK during Acknowledge

ACKEN: Acknowledge Sequence Enable bit
(when operating as I°C master; applicable during master receive)

1 = Initiates Acknowledge sequence on SDA1 and SCL1 pins and transmits ACKDT data bit; hardware
clear at end of master Acknowledge sequence

0 = Acknowledge sequence not in progress

RCEN: Receive Enable bit (when operating as 12c master)

1 = Enables Receive mode for I12C; hardware clear at end of eighth bit of master receive data byte
0 = Receive sequence not in progress

PEN: Stop Condition Enable bit (when operating as 12c master)

1 = Initiates Stop condition on SDA1 and SCL1 pins; hardware clear at end of master Stop sequence
0 = Stop condition not in progress

RSEN: Repeated Start Condition Enable bit (when operating as 12c master)

1 = Initiates Repeated Start condition on SDA1 and SCL1 pins; hardware clear at end of master
Repeated Start sequence

0 = Repeated Start condition not in progress

SEN: Start Condition Enable bit (when operating as 12c master)

1 = Initiates Start condition on SDA1 and SCL1 pins; hardware clear at end of master Start sequence
0 = Start condition not in progress

© 2009-2014 Microchip Technology Inc. DS30009937C-page 129
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FIGURE 19-1: 10-BIT HIGH-SPEED A/D CONVERTER BLOCK DIAGRAM
:' _______________ 1| Internal Data Bus
AVDD —v—\ |
| VR+ 1
| 5 T
AVSS — 3 | 16
'3 |
| -
VREF+ |X|—I I VR :
|
VREF- ZI—,— !
| u 1 Comparator
| I VINH
|
|
| ' VINL SH
I : g\
|
| |
| ! 10-Bit SAR Conversion Logic
|\ VINH |
|
ANO : | \ A
! << : .
AN1 T é ! Data Formatting |
|
|
=
AN2 X}— *— ! *
[ ! 3
AN3 AN1 ) !
[ VINL : ADC1BUFO: f
AN4 X | ADCIBUFF | [ee—
| |
ANS DX— - | <
| | AD1CON1
AN10 [ ! ADI1CON2
| |
AD1CON3
ANTI Izl_'_ : M
| ! AD1CHS
|
AN12 | o VINH | AD1PCFG
VBG [ 3 ! ADICSSL | |
! = ! ~
| L | i
VBG/2 —1— VL 1
:_/ AN1 :
| |
. . Y
| |
| | Sample Control Control Logic :
I : Conversion Control
| -
L o e e e - - a Input MUX Control

Pin Config Control
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20.0 COMPARATOR MODULE

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 on the
Comparator module, refer to the “PIC24F

Family Reference Manual”, Section 19.

“Comparator Module” (DS39710).

The comparator module provides two dual input
comparators. The inputs to the comparator can be
configured to use any one of four external analog
inputs, as well as a voltage reference input from either
the internal band gap reference divided by 2 (VBG/2) or
the comparator voltage reference generator.

The comparator outputs may be directly connected to
the CxOUT pins. When the respective COE equals ‘1’,
the I/O pad logic makes the unsynchronized output of
the comparator available on the pin.

A simplified block diagram of the module is displayed in

Figure 20-1. Diagrams of the possible individual
comparator  configurations are displayed in
Figure 20-2.

Each comparator has its own control register,

CMxCON (Register 20-1), for enabling and configuring
its operation. The output and event status of all three
comparators is provided in the CMSTAT register
(Register 20-2).

FIGURE 20-1: COMPARATOR MODULE BLOCK DIAGRAM
CCH<1:0>
CREF —‘
EVPOL<1:0>
|
Trigger/Interrupt CEVT
CxINB X}— input CPOL Logic COE
VIN-
Select - X :
Logic vint | C1> . .- X
c1ouT
cout _ Pin
VBG/2 o
EVPOL<1:0>
|
Trigger/Interrupt CEVT
CPOL Logic COE
CXINA [X}—— VIN- [ ! ,
a ' & ./I
| Vin+| , C2 7 o X
CVREF |X|— + C20UT
cout _ Pin

© 2009-2014 Microchip Technology Inc.
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REGISTER 23-2: FOSCSEL: OSCILLATOR SELECTION CONFIGURATION REGISTER

R/P-1 u-0 u-0 u-0 u-0 R/P-1 R/P-1 R/P-1
IESO — — — — FNOSC2 FNOSC1 FNOSCO
bit 7 bit 0
Legend:
R = Readable bit P = Programmable 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 IESO: Internal External Switchover bit

1 = Internal External Switchover mode enabled (Two-Speed Start-up enabled)
0 = Internal External Switchover mode disabled (Two-Speed Start-up disabled)

bit 6-3 Unimplemented: Read as ‘0’
bit 2-0 FNOSC<2:0>: Oscillator Selection bits

000 = Fast RC oscillator (FRC)

001 = Fast RC oscillator with divide-by-N with PLL module (FRCDIV+PLL)
010 = Primary oscillator (XT, HS, EC)

011 = Primary oscillator with PLL module (HS+PLL, EC+PLL)

100 = Secondary oscillator (SOSC)

101 = Low-Power RC oscillator (LPRC)

110 =500 kHz Low-Power FRC oscillator with divide-by-N (LPFRCDIV)
111 = 8 MHz FRC oscillator with divide-by-N (FRCDIV)

DS30009937C-page 164 © 2009-2014 Microchip Technology Inc.



PIC24F04KA201 FAMILY

REGISTER 23-7: FDS: DEEP SLEEP CONFIGURATION REGISTER

R/P-1 R/P-1 u-0 u-0 R/P-1 R/P-1 R/P-1 R/P-1
DSWDTEN | DSLPBOR — — DSWDTPS3 | DSWDTPS2 | DSWDTPS1 | DSWDTPSO0
bit 7 bit 0
Legend:

R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 DSWDTEN: Deep Sleep Watchdog Timer Enable bit

1 = DSWDT enabled
0 = DSWDT disabled

bit 6 DSLPBOR: Deep Sleep/Low-Power BOR Enable bit (does not affect operation in non Deep Sleep modes)

1 = Deep Sleep BOR enabled in Deep Sleep
0 = Deep Sleep BOR disabled in Deep Sleep

bit 5-4 Unimplemented: Read as ‘0’
bit 3-0 DSWDTPS<3:0>: Deep Sleep Watchdog Timer Postscale Select bits

The DSWDT prescaler is 32; this creates an approximate base time unit of 1 ms.
1111 =1:2,147,483,648 (25.7 days) nominal
1110 =1:536,870,912 (6.4 days) nominal
1101 = 1:134,217,728 (38.5 hours) nominal
1100 = 1:33,554,432 (9.6 hours) nominal
1011 = 1:8,388,608 (2.4 hours) nominal
1010 = 1:2,097,152 (36 minutes) nominal
1001 = 1:524,288 (9 minutes) nominal

1000 =1:131,072 (135 seconds) nominal
0111 = 1:32,768 (34 seconds) nominal
0110 = 1:8,192 (8.5 seconds) nominal

0101 = 1:2,048 (2.1 seconds) nominal

0100 = 1:512 (528 ms) nominal

0011 = 1:128 (132 ms) nominal

0010 = 1:32 (33 ms) nominal

0001 = 1:8 (8.3 ms) nominal

0000 = 1:2 (2.1 ms) nominal
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24.6 MPLAB X SIM Software Simulator

The MPLAB X SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on I/0, most peripherals and internal registers.

The MPLAB X SIM Software Simulator fully supports
symbolic debugging using the MPLAB XC Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool.

24.7 MPLAB REAL ICE In-Circuit
Emulator System

The MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs all 8, 16 and 32-bit MCU, and DSC devices
with the easy-to-use, powerful graphical user interface of
the MPLAB X IDE.

The emulator is connected to the design engineer’s
PC using a high-speed USB 2.0 interface and is
connected to the target with either a connector
compatible with in-circuit debugger systems (RJ-11)
or with the new high-speed, noise tolerant, Low-
Voltage Differential Signal (LVDS) interconnection
(CATS).

The emulator is field upgradable through future firmware
downloads in MPLAB X IDE. MPLAB REAL ICE offers
significant advantages over competitive emulators
including full-speed emulation, run-time variable
watches, trace analysis, complex breakpoints, logic
probes, a ruggedized probe interface and long (up to
three meters) interconnection cables.

24.8 MPLAB ICD 3 In-Circuit Debugger
System

The MPLAB ICD 3 In-Circuit Debugger System is
Microchip’s most cost-effective, high-speed hardware
debugger/programmer for Microchip Flash DSC and
MCU devices. It debugs and programs PIC Flash
microcontrollers and dsPIC DSCs with the powerful,
yet easy-to-use graphical user interface of the MPLAB
IDE.

The MPLAB ICD 3 In-Circuit Debugger probe is
connected to the design engineer’s PC using a high-
speed USB 2.0 interface and is connected to the target
with a connector compatible with the MPLAB ICD 2 or
MPLAB REAL ICE systems (RJ-11). MPLAB ICD 3
supports all MPLAB ICD 2 headers.

24.9 PICKkit 3 In-Circuit Debugger/
Programmer

The MPLAB PICkit 3 allows debugging and program-
ming of PIC and dsPIC Flash microcontrollers at a most
affordable price point using the powerful graphical user
interface of the MPLAB IDE. The MPLAB PICkit 3 is
connected to the design engineer’s PC using a full-
speed USB interface and can be connected to the
target via a Microchip debug (RJ-11) connector (com-
patible with MPLAB ICD 3 and MPLAB REAL ICE). The
connector uses two device I/O pins and the Reset line
to implement in-circuit debugging and In-Circuit Serial
Programming™ (ICSP™).

24.10 MPLAB PM3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages, and a mod-
ular, detachable socket assembly to support various
package types. The ICSP cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices, and incorporates an MMC card for file
storage and data applications.
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26.0 ELECTRICAL CHARACTERISTICS

This section provides an overview of the PIC24F04KA201 family electrical characteristics. Additional information will be
provided in future revisions of this document as it becomes available.

Absolute maximum ratings for the PIC24F04KA201 family are listed below. Exposure to these maximum rating
conditions for extended periods may affect device reliability. Functional operation of the device at these, or any other
conditions above the parameters indicated in the operation listings of this specification, is not implied.

Absolute Maximum Ratings("

Ambient temperature UNAEr DIAs...........ooo it e e e e e e e e eenne -40°C to +125°C
StOrage tEMPEIAUIE ... ..eiiiei ettt e e e et e st e e e -65°C to +150°C
Voltage on VDD With reSPECE t0 VSS ....ccuiiiiiiiiieii et -0.3V to +5.0V
Voltage on any combined analog and digital pin with respect to VSS ... -0.3V to (VDD + 0.3V)
Voltage on any digital only pin with reSpect t0 VSS .......cccuiiiiiiiiiie e -0.3V to (VDD + 0.3V)
Voltage on MCLR/VPP pin With reSPect t0 VSS .......eiiiiiiiieeieeeeee e -0.3V to +9.0V
Maximum CUrent OUL OF VSS PN .....eiiiiiii ettt et e et es 300 mA
Maximum current into VDD pin 0 ettt 250 mA
Maximum output current SUNK BY @ny /O PiN.....cooiiiiii e 25 mA
Maximum output current sourced by any /O PiN ..........oiiiiiiiiiiee e e a e e e s 25 mA
Maximum current SUNK DY all POMS ......coooiiiioie e e e e e e s s et eeeeeesse s snsnnnsnsnnees 200 mA
Maximum current sourced by all ports ) ettt 200 mA

Note 1: Maximum allowable current is a function of device maximum power dissipation (see Table 26-1).

TNOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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TABLE 26-3: DC CHARACTERISTICS: TEMPERATURE AND VOLTAGE SPECIFICATIONS
Standard Operating Conditions: 1.8V to 3.6V (unless otherwise stated)
DC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
P;a\lr:m Symbol Characteristic Min Typ(l) Max | Units Conditions
DC10 |VDD Supply Voltage 1.8 — 3.6 Vv
DC12 |VDR RAM Data Retention 1.5 — — \%
Voltage®
DC16 |[VPOR VDD Start Voltage Vss — 0.7 \%
to Ensure Internal
Power-on Reset Signal
DC17 |SvbD VDD Rise Rate 0.05 — — | V/Ims |0-3.3Vin 0.1s
to Ensure Internal 0-2.5V in 60 ms
Power-on Reset Signal
Note 1. Datain “Typ” column is at 3.3V, 25°C unless otherwise stated. Parameters are for design guidance only
and are not tested.
2: This is the limit to which VDD can be lowered without losing RAM data.
TABLE 26-4: HIGH/LOW-VOLTAGE DETECT CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < Ta < +85°C for industrial

P;a\::m Symbol Characteristic Min Typ | Max | Units Conditions
DC18 |VHLvD |HLVD Voltage on VDD |HLVDL<3:0>=0000| — 1.85 | 1.94 \Y,
Transition HLVDL<3:0>=0001| 1.81 | 1.90 | 200 | V
HLVDL<3:0>=0010| 1.85 | 1.95 | 2.05 Y
HLVDL<3:0>=0011| 1.90 | 2.00 | 2.10 \Y,
HLVDL<3:0>=0100| 1.95 | 2.05 | 2.15 \Y,
HLVDL<3:0>=0101 | 2.06 | 2.17 | 2.28 Y
HLVDL<3:0>=0110 | 2.12 | 2.23 | 2.34 \Y,
HLVDL<3:0>=0111| 2.24 | 2.36 | 2.48 \Y,
HLVDL<3:0>=1000 | 2.31 243 | 2.55 Y
HLVDL<3:0>=1001 | 247 | 2.60 | 2.73 \Y,
HLVDL<3:0>=1010 | 2.64 | 2.78 | 2.92 \Y,
HLVDL<3:0>=1011| 2.74 | 2.88 | 3.02 Y
HLVDL<3:0>=1100| 2.85 | 3.00 | 3.15 \Y,
HLVDL<3:0>=1101| 2.96 | 3.12 | 3.28 \Y,
HLVDL<3:0>=1110| 3.22 | 3.39 | 3.56 \Y
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TABLE 26-20: PLL CLOCK TIMING SPECIFICATIONS (VDbD = 1.8V TO 3.6V)

Standard Operating Conditions: 1.8V to 3.6V (unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
P;a\lr:m Sym Characteristic(?) Min Typ@ Max Units Conditions
0S50 |FPLLI |PLL Input Frequency Range 4 — 8 MHz |ECPLL, HSPLL modes
0S51 |[Fsys |PLL Output Frequency Range 16 — 32 MHz
0S52 |TLock |PLL Start-up Time — — 2 ms
(Lock Time)
0S53 |DcLk |CLKO Stability (Jitter) -2 1 2 % Measured over 100 ms period

Note 1: These parameters are characterized but not tested in manufacturing.
2: Datain “Typ” column is at 3.3V, +25°C unless otherwise stated. Parameters are for design guidance only
and are not tested.

TABLE 26-21: AC CHARACTERISTICS: INTERNAL RC ACCURACY

Standard Operating Conditions: 1.8V to 3.6V (unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for Industrial

AC CHARACTERISTICS

Pzr:m Characteristic Min Typ Max Units Conditions
Internal FRC Accuracy @ 8 MHz(D)
F20 FRC -2 — 2 % +25°C
3.0V<VDD<3.6V
-5 — 5 % -40°C < TA<+85°C

Note 1. Frequency calibrated at +25°C and 3.3V. OSCTUN bits can be used to compensate for temperature drift.

TABLE 26-22: AC CHARACTERISTICS: INTERNAL RC ACCURACY

Standard Operating Conditions: 1.8V to 3.6V (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for Industrial

AC CHARACTERISTICS

Param

NoO Characteristic Min Typ Max | Units Conditions
LPRC @ 31 kHz(®
F21 -15 — 15 % +25°C
3.0V <VDD< 3.6V
-15 — 15 % -40°C < TA<+85°C

Note 1: Change of LPRC frequency as VDD changes.
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NOTES:
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U W
UAR T e 133 Watchdog Timer

Baud Rate Generator (BRG) .............. ..134 Deep Sleep (DSWDT) ....

Break and Sync Transmit Sequence . ..135 Watchdog Timer (WDT) .......... .
IDA SUPPOIt ..o 135 Windowed Operation ..........cccecveeeveiieeieee e,
Operation of U1CTS and U1RTS Control Pins ........ 135 WWW AAreSS ..oeeiiiiiiiie e e
Receiving in 8-Bit or 9-Bit Data Mode ................ ..135 WWW, ON-Line SUPPOIT ....eeeiiiiiieiiie e 5

Transmitting in 8-Bit Data Mode ........... ...135
Transmitting in 9-Bit Data Mode .........cccccceiiiiienis 135
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