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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Obsolete

PIC

16-Bit

32MHz

12C, IrDA, LINbus, SPI, UART/USART
Brown-out Detect/Reset, LVD, POR, PWM, WDT
18

8KB (2.75K x 24)

FLASH

512 x8

1IKx 8

1.8V ~ 3.6V

A/D 16x10b/12b

Internal

-40°C ~ 125°C (TA)

Through Hole

20-DIP (0.300", 7.62mm)

20-PDIP

https://www.e-xfl.com/product-detail/microchip-technology/pic24f08km101-e-p

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic24f08km101-e-p-4436325
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

¥z obed-goe0£000£SA

‘ou| ABojouyoa] diyooloi €102 @

TABLE 1-5: PIC24FV16KM204 FAMILY PINOUT DESCRIPTION (CONTINUED)
= FV
Pin Number Pin Number
Function 20-Pin | 28-Pin ) 20-Pin | 28-Pin ) /10 | Buffer Description

PDIP/ | PDIP/ | 28-Pin 43:7\']7 48-Pin | PDIP/ | PDIP/ | 28-Pin 43:7\;;' 48-Pin

SSOP/ | SSOP/ | QFN | oo | UQFN | SSOP/ | SSOP/ | QFN | ropp | UQFN

SOIC SOIC SOIC SOIC
MCLR 1 1 26 18 19 1 1 26 18 19 | ST |Master Clear (Device Reset) Input (active-low)
OA1INA — 5 2 22 24 — 5 2 22 24 | ANA [Op Amp 1 Input A
OA1INB — 6 3 23 25 — 6 3 23 25 | ANA [Op Amp 1 Input B
OA1INC — 24 21 11 12 — 24 21 11 12 | ANA [Op Amp 1 Input C
OA1IND — 25 22 14 15 — 25 22 14 15 | ANA |Op Amp 1 Input D
OA10UT — 7 4 24 26 — 7 4 24 26 (0] ANA |Op Amp 1 Analog Output
OA2INA — 5 2 22 24 — 5 2 22 24 | ANA [Op Amp 2 Input A
OA2INB — 6 3 23 25 — 6 3 23 25 | ANA [Op Amp 2 Input B
OA2INC — 24 21 11 12 — 24 21 11 12 | ANA [Op Amp 2 Input C
OA2IND — 25 22 14 15 — 25 22 14 15 | ANA |Op Amp 2 Input D
OA20UT — 26 23 15 16 — 26 23 15 16 0} ANA [Op Amp 2 Analog Output
OC1A 14 20 17 7 7 11 16 13 43 47 o} —  |MCCP1 Output Compare A
OC1B 12 17 14 44 48 12 17 14 44 48 0] —  |MCCP1 Output Compare B
oci1cC 15 21 18 8 9 15 21 18 8 9 (0] — MCCP1 Output Compare C
OoCc1D 16 24 21 11 12 16 24 21 11 12 ) —  |MCCP1 Output Compare D
OC1E — 14 11 41 45 — 14 11 41 45 (0] — MCCP1 Output Compare E
OC1F — 15 12 42 46 — 15 12 42 46 (0] — MCCP1 Output Compare F
OC2A 4 22 19 9 10 4 22 19 9 10 (0] — MCCP2 Output Compare A
0oC2B — 23 20 10 11 — 23 20 10 11 (0] — MCCP2 Output Compare B
oczac — — — 2 2 — — — 2 2 (0] — MCCP2 Output Compare C
ocz2b — — — 3 3 — — — 3 3 (0] — MCCP2 Output Compare D
OC2E — — — 4 4 — — — 4 4 (0] — MCCP2 Output Compare E
OC2F — — — 5 5 — — — 5 5 (0] — MCCP2 Output Compare F
OC3A — 21 18 12 13 — 21 18 12 13 (0] — MCCP3 Output Compare A
0OC3B — 24 21 13 14 — 24 21 13 14 (0] — MCCP3 Output Compare B
oc4 — 18 15 1 1 — 18 15 1 1 (0] — SCCP4 Output Compare
0C5 — 19 16 6 6 — 19 16 6 6 (0] — SCCP5 Output Compare
OCFA 17 25 22 14 15 17 25 22 14 15 | ST |MCCP/SCCP Output Compare Fault Input A
OCFB 16 24 21 32 35 16 24 21 32 35 | ST |MCCP/SCCP Output Compare Fault Input B

Legend:  ANA = Analog level input/output, ST = Schmitt Trigger input buffer, [2C™ = |2C/SMBus input buffer
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PIC24FV16KM204 FAMILY

EXAMPLE 5-5: INITIATING A PROGRAMMING SEQUENCE — ASSEMBLY LANGUAGE CODE

Dl sl #5 ; Block all interrupts
for next 5 instructions

MoV #0x55, W

MoV W0, NVMKEY ; Wite the 55 key

MOV #OXAA, W ;

MoV WL, NVMKEY . Wite the AA key

BSET NVMCON, #WR ; Start the erase sequence

NOP ; 2 NOPs required after setting WR

NCP ;

BTSC NVMCON, #15 ; WAt for the sequence to be conpleted
BRA $-2 ;

EXAMPLE 5-6: INITIATING A PROGRAMMING SEQUENCE - ‘'C' LANGUAGE CODE
/1 C exanpl e using MPLAB C30

asm(" Dl SI #5"); /1 Block all interrupts for next 5 instructions

__builtinwite_NVM); /1 Performunl ock sequence and set WR

DS30003030B-page 72 © 2013 Microchip Technology Inc.
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REGISTER 8-14: IEC2: INTERRUPT ENABLE CONTROL REGISTER 2

u-0 uU-0 u-0 uU-0 u-0 U-0 R/W-0 U-0
— — — — — — CCT5IE —
bit 15 bit 8
u-0 u-0 u-0 u-0 u-0 U-0 U-0 U-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 15-10 Unimplemented: Read as ‘0’

bit 9 CCTS5IE: Capture/Compare 5 Timer Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 8-0 Unimplemented: Read as ‘0’

REGISTER 8-15: IEC3: INTERRUPT ENABLE CONTROL REGISTER 3

u-0 R/W-0 u-0 u-0 u-0 U-0 U-0 U-0
— RTCIE — — — — — —
bit 15 bit 8
uU-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0 U-0
— — — — — BCL2IE SSP2IE —
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 RTCIE: Real-Time Clock and Calendar Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 13-3 Unimplemented: Read as ‘0’
bit 2 BCL2IE: MSSP2 [2C™ Bus Collision Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 1 SSP2IE: MSSP2 SPI/I2C Event Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 0 Unimplemented: Read as ‘0’
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REGISTER 8-29: IPC15: INTERRUPT PRIORITY CONTROL REGISTER 15

u-0 U-0 U-0 U-0 U-0 R/W-1 R/W-0 R/W-0
— — — — — RTCIP2 RTCIP1 RTCIPO
bit 15 bit 8
u-0 u-0 u-0 u-0 uU-0 U-0 U-0 U-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 15-11 Unimplemented: Read as ‘0’
bit 10-8 RTCIP<2:0>: Real-Time Clock and Calendar Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)

001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 7-0 Unimplemented: Read as ‘0’

© 2013 Microchip Technology Inc. DS30003030B-page 113
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REGISTER 9-2: CLKDIV: CLOCK DIVIDER REGISTER
R/W-0 R/W-0 R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-1
ROI DOZE2 DOZE1 DOZEO DOZENW RCDIV2 RCDIV1 RCDIVO
bit 15 bit 8
u-0 u-0 u-0 u-0 u-0 U-0 U-0 U-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 7-0

Note 1:

ROI: Recover on Interrupt bit

1 = Interrupts clear the DOZEN bit, and reset the CPU and peripheral clock ratio to 1:1
0 = Interrupts have no effect on the DOZEN bit

DOZE<2:0>: CPU and Peripheral Clock Ratio Select bits

111 = 1:128
110 = 1:64
101 = 1:32
100 = 1:16
011 = 1:8
010= 14
001 = 1:2
000 = 11

DOZEN: Doze Enable bit()

1 = DOZE<2:0> bits specify the CPU and peripheral clock ratio
0 = CPU and peripheral clock ratio are set to 1:1
RCDIV<2:0>: FRC Postscaler Select bits
When COSC<2:0> (OSCCON<14:12>)= 111;
111 = 31.25 kHz (divide-by-256)

110 = 125 kHz (divide-by-64)

101 = 250 kHz (divide-by-32)

100 = 500 kHz (divide-by-16)

011 = 1 MHz (divide-by-8)

010 = 2 MHz (divide-by-4)

001 = 4 MHz (divide-by-2) — default

000 = 8 MHz (divide-by-1)

When COSC<2:0> (OSCCON<14:12>) = 110:
111 = 1.95 kHz (divide-by-256)

110 = 7.81 kHz (divide-by-64)

101 = 15.62 kHz (divide-by-32)

100 = 31.25 kHz (divide-by-16)

011 = 62.5 kHz (divide-by-8)

010 = 125 kHz (divide-by-4)

001 = 250 kHz (divide-by-2) — default

000 = 500 kHz (divide-by-1)

Unimplemented: Read as ‘0’

This bit is automatically cleared when the ROI bit is set and an interrupt occurs.

© 2013 Microchip Technology Inc.
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REGISTER 9-3: OSCTUN: FRC OSCILLATOR TUNE REGISTER

U-0 U-0 U-0 uU-0 U-0 u-0 uU-0 u-0
bit 15 bit 8
U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — TUN5() TUN4®) TUN3® TUN2W TUN1®D TUNOW
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 15-6 Unimplemented: Read as ‘0’
bit 5-0 TUN<5:0>: FRC Oscillator Tuning bits(®)
011111 = Maximum frequency deviation
011110
000001
000000 = Center frequency, oscillator is running at factory calibrated frequency
111111
100001

100000 = Minimum frequency deviation

Note 1: Increments or decrements of TUN<5:0> may not change the FRC frequency in equal steps over the FRC
tuning range and may not be monotonic.
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10.5 Doze Mode

Generally, changing clock speed and invoking one of
the power-saving modes are the preferred strategies
for reducing power consumption. There may be
circumstances, however, where this is not practical. For
example, it may be necessary for an application to
maintain uninterrupted synchronous communication,
even while it is doing nothing else. Reducing system
clock speed may introduce communication errors,
while using a power-saving mode may stop
communications completely.

Doze mode is a simple and effective alternative method
to reduce power consumption while the device is still
executing code. In this mode, the system clock contin-
ues to operate from the same source and at the same
speed. Peripheral modules continue to be clocked at
the same speed, while the CPU clock speed is
reduced. Synchronization between the two clock
domains is maintained, allowing the peripherals to
access the SFRs while the CPU executes code at a
slower rate.

Doze mode is enabled by setting the DOZEN bit
(CLKDIV<11>). The ratio between peripheral and
core clock speed is determined by the DOZE<2:0>
bits (CLKDIV<14:12>). There are eight possible
configurations, from 1:1 to 1:128, with 1:1 being the
default.

It is also possible to use Doze mode to selectively
reduce power consumption in event driven applica-
tions. This allows clock-sensitive functions, such as
synchronous communications, to continue without
interruption. Meanwhile, the CPU Idles, waiting for
something to invoke an interrupt routine. Enabling the
automatic return to full-speed CPU operation on inter-
rupts is enabled by setting the ROI bit (CLKDIV<15>).
By default, interrupt events have no effect on Doze
mode operation.

10.6  Selective Peripheral Module
Control

Idle and Doze modes allow users to substantially
reduce power consumption by slowing or stopping the
CPU clock. Even so, peripheral modules still remain
clocked, and thus, consume power. There may be
cases where the application needs what these modes
do not provide: the allocation of power resources to
CPU processing with minimal power consumption from
the peripherals.

PIC24F devices address this requirement by allowing
peripheral modules to be selectively disabled, reducing
or eliminating their power consumption. This can be
done with two control bits:

* The Peripheral Enable bit, generically named,
“XXXEN”, located in the module’s main control
SFR.

* The Peripheral Module Disable (PMD) bit,
generically named, “XXXMD”, located in one of
the PMDx Control registers.

Both bits have similar functions in enabling or disabling
its associated module. Setting the PMDx bits for a
module, disables all clock sources to that module, reduc-
ing its power consumption to an absolute minimum. In
this state, the control and status registers associated
with the peripheral will also be disabled, so writes to
those registers will have no effect, and read values will
be invalid. Many peripheral modules have a
corresponding PMDx bit.

In contrast, disabling a module by clearing its XXXEN
bit, disables its functionality, but leaves its registers
available to be read and written to. Power consumption
is reduced, but not by as much as when the PMDx bits
are used. Most peripheral modules have an enable bit;
exceptions include capture, compare and RTCC.

To achieve more selective power savings, peripheral
modules can also be selectively disabled when the
device enters Idle mode. This is done through the control
bit of the generic name format, “XXXIDL”. By default, all
modules that can operate during Idle mode will do so.
Using the disable on Idle feature disables the module
while in Idle mode, allowing further reduction of power
consumption during Idle mode, enhancing power
savings for extremely critical power applications.

© 2013 Microchip Technology Inc.
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REGISTER 14-1: SSPxSTAT: MSSPx STATUS REGISTER (SPI MODE)

U-0 uU-0 uU-0 u-0 U-0 U-0 u-0 u-0
bit 15 | ‘ bit 8
R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP cke® | oA | p | s | RW | uA | BF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-8 Unimplemented: Read as ‘0’
bit 7 SMP: Sample bit
SP| Master mode:
1 = Input data is sampled at the end of data output time
0 = Input data is sampled at the middle of data output time
SPI Slave mode:
SMP must be cleared when SPI is used in Slave mode.
bit 6 CKE: SPI Clock Select bit™®)
1 = Transmit occurs on transition from active to Idle clock state
0 = Transmit occurs on transition from Idle to active clock state
bit 5 D/A: Data/Address bit
Used in I°C™ mode only.
bit 4 P: Stop bit
Used in I2C mode only. This bit is cleared when the MSSPx module is disabled; SSPEN bit is cleared.
bit 3 S: Start bit
Used in I°C mode only.
bit 2 R/W: Read/Write Information bit
Used in 12C mode only.
bit 1 UA: Update Address bit
Used in I°C mode only.
bit 0 BF: Buffer Full Status bit
1 = Receive is complete, SSPxBUF is full
0 = Receive is not complete, SSPxBUF is empty
Note 1. Polarity of clock state is set by the CKP bit (SSPxCON1<4>).
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15.0 UNIVERSAL ASYNCHRONOUS
RECEIVER TRANSMITTER
(UART)

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 Univer-
sal Asynchronous Receiver Transmitter,
refer to the “PIC24F Family Reference
Manual”, “UART" (DS39708).

The Universal Asynchronous Receiver Transmitter
(UART) module is one of the serial I/O modules
available in this PIC24F device family. The UART is a
full-duplex, asynchronous system that can communicate
with peripheral devices, such as personal computers,
LIN/J2602, RS-232 and RS-485 interfaces. This module
also supports a hardware flow control option with the
UxCTS and UxRTS pins, and also includes an IrDA®
encoder and decoder.

The primary features of the UART module are:

» Full-Duplex, 8-Bit or 9-Bit Data Transmission
through the UxTX and UxRX Pins

» Even, Odd or No Parity Options (for 8-bit data)

* One or Two Stop bits

» Hardware Flow Control Option with UxCTS and
UxRTS Pins

» Fully Integrated Baud Rate Generator (IBRG) with
16-Bit Prescaler

» Baud Rates Ranging from 1 Mbps to 15 bps at
16 MIPS

* 4-Deep, First-In-First-Out (FIFO) Transmit Data
Buffer

* 4-Deep FIFO Receive Data Buffer

« Parity, Framing and Buffer Overrun Error
Detection

» Support for 9-Bit mode with Address Detect
(91 bit = 1)
« Transmit and Receive Interrupts
» Loopback mode for Diagnostic Support
» Support for Sync and Break Characters
» Supports Automatic Baud Rate Detection
+ IrDA® Encoder and Decoder Logic
» 16x Baud Clock Output for IrDA Support
A simplified block diagram of the UARTx module is
shown in Figure 15-1. The UARTx module consists of
these important hardware elements:
» Baud Rate Generator
* Asynchronous Transmitter
» Asynchronous Receiver

Note: Throughout this section, references to
register and bit names that may be asso-
ciated with a specific USART module are
referred to generically by the use of X’ in
place of the specific module number.
Thus, “UxSTA” might refer to the USART
Status register for either USART1 or

USART?2.
FIGURE 15-1: UARTx MODULE SIMPLIFIED BLOCK DIAGRAM
Baud Rate Generator
> IrDA® <] UxBCLK
—® Hardware Flow Control »<| UXRTS
[X| UxCTS

— UARTx Receiver a

X] UxRX

— UARTX Transmitter

<] UxTX

© 2013 Microchip Technology Inc.
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REGISTER 16-3: ALCFGRPT: ALARM CONFIGURATION REGISTER

R/W-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

ALRMEN

CHIME AMASK3 AMASK2 AMASK1 AMASKO | ALRMPTR1 | ALRMPTRO

bit 15

bit 8

R/W-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

ARPT7

ARPT6 ARPTS5 ARPT4 ARPT3 ARPT2 ARPT1 ARPTO

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

bit 13-10

bit 9-8

bit 7-0

ALRMEN: Alarm Enable bit

1= Alarm is enabled (cleared automatically after an alarm event whenever ARPT<7:0> = 00h and
CHIME = 0)
0 = Alarm is disabled

CHIME: Chime Enable bit

1 = Chime is enabled; ARPT<7:0> bits are allowed to roll over from 00h to FFh
0 = Chime is disabled; ARPT<7:0> bits stop once they reach 00h

AMASK<3:0>: Alarm Mask Configuration bits

0000 = Every half second

0001 = Every second

0010 = Every 10 seconds

0011 = Every minute

0100 = Every 10 minutes

0101 = Every hour

0110 = Once a day

0111 = Once a week

1000 = Once a month

1001 = Once a year (except when configured for February 29t once every 4 years)
101x = Reserved — do not use

11xx = Reserved — do not use

ALRMPTR<1:0>: Alarm Value Register Window Pointer bits

Points to the corresponding Alarm Value registers when reading the ALRMVALH and ALRMVALL registers.
The ALRMPTR<1:0> value decrements on every read or write of ALRMVALH until it reaches ‘00’.
ALRMVAL<15:8>:

00 = ALRMMIN

01 = ALRMWD

10 = ALRMMNTH

11 = Unimplemented

ALRMVAL<7:0>:

00 = ALRMSEC

01 = ALRMHR

10 = ALRMDAY

11 = Unimplemented

ARPT<7:0>: Alarm Repeat Counter Value bits
11111111 = Alarm will repeat 255 more times

00000000 = Alarm will not repeat
The counter decrements on any alarm event; it is prevented from rolling over from 00h to FFh unless
CHIME = 1.

DS30003030B-page 186 © 2013 Microchip Technology Inc.
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REGISTER 17-5:

CLCXGLSH: CLCx GATE LOGIC INPUT SELECT HIGH REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
G4D4T G4D4N G4D3T G4D3N G4D2T G4D1T G4D1N
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
G3D4T G3D4N G3D3T G3D3N G3D2T G3D1T G3D1N
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

bit 13

bit 12

bit 11

bit 10

bit 9

bit 8

bit 7

bit 6

bit 5

bit 4

G4DA4T: Gate 4 Data Source 4 True Enable bit

1 = The Data Source 4 inverted signal is enabled for Gate 4
0 = The Data Source 4 inverted signal is disabled for Gate 4
G4D4N: Gate 4 Data Source 4 Negated Enable bit

1 = The Data Source 4 inverted signal is enabled for Gate 4
0 = The Data Source 4 inverted signal is disabled for Gate 4
G4D3T: Gate 4 Data Source 3 True Enable bit

1 = The Data Source 3 inverted signal is enabled for Gate 4
0 = The Data Source 3 inverted signal is disabled for Gate 4
G4D3N: Gate 4 Data Source 3 Negated Enable bit

1 = The Data Source 3 inverted signal is enabled for Gate 4
0 = The Data Source 3 inverted signal is disabled for Gate 4
G4D2T: Gate 4 Data Source 2 True Enable bit

1 = The Data Source 2 inverted signal is enabled for Gate 4
0 = The Data Source 2 inverted signal is disabled for Gate 4
G4D2N: Gate 4 Data Source 2 Negated Enable bit

1 = The Data Source 2 inverted signal is enabled for Gate 4
0 = The Data Source 2 inverted signal is disabled for Gate 4
G4D1T: Gate 4 Data Source 1 True Enable bit

1 = The Data Source 1 inverted signal is enabled for Gate 4
0 = The Data Source 1 inverted signal is disabled for Gate 4
G4D1N: Gate 4 Data Source 1 Negated Enable bit

1 = The Data Source 1 inverted signal is enabled for Gate 4
0 = The Data Source 1 inverted signal is disabled for Gate 4
G3DAT: Gate 3 Data Source 4 True Enable bit

1 = The Data Source 4 inverted signal is enabled for Gate 3
0 = The Data Source 4 inverted signal is disabled for Gate 3
G3D4N: Gate 3 Data Source 4 Negated Enable bit

1 = The Data Source 4 inverted signal is enabled for Gate 3
0 = The Data Source 4 inverted signal is disabled for Gate 3
G3D3T: Gate 3 Data Source 3 True Enable bit

1 = The Data Source 3 inverted signal is enabled for Gate 3
0 = The Data Source 3 inverted signal is disabled for Gate 3
G3D3N: Gate 3 Data Source 3 Negated Enable bit

1 = The Data Source 3 inverted signal is enabled for Gate 3
0 = The Data Source 3 inverted signal is disabled for Gate 3

DS30003030B-page 204
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REGISTER 19-4:

AD1CON5: A/D CONTROL REGISTER 5

R = Readable bit
-n = Value at POR

R/W-0 R/W-0 R/W-0 R/W-0 r-0 u-0 R/W-0 R/W-0
ASEN® LPEN CTMREQ BGREQ r = ASINT1 ASINTO
bit 15 bit 8
u-0 u-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
= = = = WM1 WMO CM1 CMO
bit 7 bit 0
Legend: r = Reserved bit

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 7-4
bit 3-2

bit 1-0

ASEN: A/D Auto-Scan Enable bit(")

1 = Auto-scan is enabled

0 = Auto-scan is disabled

LPEN: A/D Low-Power Enable bit

1 = Returns to Low-Power mode after scan

0 = Remains in Full-Power mode after scan

CTMREQ: CTMU Request bit

1 = CTMU is enabled when the A/D is enabled and active

0 = CTMU is not enabled by the A/D

BGREQ: Band Gap Request bit

1 = Band gap is enabled when the A/D is enabled and active

0 = Band gap is not enabled by the A/D

Reserved: Maintain as ‘0’

Unimplemented: Read as ‘0’

ASINT<1:0>: Auto-Scan (Threshold Detect) Interrupt Mode bits
11 = Interrupt after a Threshold Detect sequence has completed and a valid compare has occurred
10 = Interrupt after a valid compare has occurred

01 = Interrupt after a Threshold Detect sequence has completed
00 = No interrupt

Unimplemented: Read as ‘0’

WM<1:0>: A/D Write Mode bits

11 = Reserved

10 = Auto-compare only (conversion results are not saved, but interrupts are generated when a valid
match, as defined by the CMx and ASINTXx bits, occurs)

01 = Convert and save (conversion results are saved to locations as determined by the register bits when
a match, as defined by the CMx bits, occurs)

00 = Legacy operation (conversion data is saved to a location determined by the buffer register bits)

CM<1:0>: A/D Compare Mode bits

11 = Outside Window mode (valid match occurs if the conversion result is outside of the window defined by
the corresponding buffer pair)

10 = Inside Window mode (valid match occurs if the conversion result is inside the window defined by the
corresponding buffer pair)

01 = Greater Than mode (valid match occurs if the result is greater than the value in the corresponding buffer
register)

00 = Less Than mode (valid match occurs if the result is less than the value in the corresponding buffer register)

Note 1:

When using auto-scan with Threshold Detect (ASEN = 1), do not configure the sample clock source to

Auto-Convert mode (SSRC<3:0> = 7). Any other available SSRC selection is valid. To use auto-convert as
the sample clock source (SSRC<3:0> = 7), make sure ASEN is cleared.

© 2013 Microchip Technology Inc.
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REGISTER 19-5: ADI1CHS: A/D SAMPLE SELECT REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CHONB2 CHONB1 CHONBO CHOSB4 CHOSB3 CHOSB2 CHOSB1 CHOSBO
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CHONA2 CHONA1 CHONAO CHOSA4 CHOSA3 CHOSA2 CHOSA1 CHOSAO
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 CHONB<2:0>: Sample B Channel 0 Negative Input Select bits

111 = AN6®D

110 = AN5@

101 = AN4

100 = AN3

011 =AN2

010 = AN1

001 = ANO

000 = AVss

bit 12-8 CHOSB<4:0>: S/H Amplifier Positive Input Select for MUX B Multiplexer Setting bits

11111 = Unimplemented, do not use

11110 = Avop®

11101 = AVss®

11100 = Upper guardband rail (0.785 * VDD)

11011 = Lower guardband rail (0.215 * VDD)

11010 = Internal Band Gap Reference (VBG)(3)

11000-11001 = Unimplemented, do not use

10001 = No channels are connected, all inputs are floating (used for CTMU)

10111 = No channels are connected, all inputs are floating (used for CTMU)

10110 = No channels are connected, all inputs are floating (used for CTMU temperature sensor input);
does not require the corresponding CTMEN22 (AD1CTMENH<6>) bit)

10101 = Channel 0 positive input is AN21

10100 = Channel 0 positive input is AN20

10011 = Channel 0 positive input is AN19

10010 = Channel 0 positive input is AN18()

10001 = Channel 0 positive input is AN17@)

01001 = Channel 0 positive input is AN9
01000 = Channel 0 positive input is ANg(D
00111 = Channel 0 positive input is AN7D
00110 = Channel 0 positive input is AN6(
00101 = Channel 0 positive input is AN5®
00100 = Channel 0 positive input is AN4
00011 = Channel 0 positive input is AN3
00010 = Channel 0 positive input is AN2
00001 = Channel 0 positive input is AN1
00000 = Channel 0 positive input is ANO

Note 1: This is implemented on 44-pin devices only.
2. This is implemented on 28-pin and 44-pin devices only.
3:  The band gap value used for this input is 2x or 4x the internal VBG, which is selected when PVCFG<1:0> = 1x.
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REGISTER 21-1:

AMPXCON: OP AMP x CONTROL REGISTER®W

R/W-0 u-0 R/W-0 R/W-0 u-0 u-0 U-0 U-0
AMPEN — AMPSIDL AMPSLP — — — —
bit 15 bit 8
R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SPDSEL — NINSEL2 NINSEL1 NINSELO PINSEL2 PINSEL1 PINSELO
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
bit 13

bit 12

bit 11-8
bit 7

bit 6
bit 5-3

bit 2-0

Note 1:

AMPEN: Op Amp x Control Module Enable bit

1 = Module is enabled
0 = Module is disabled

Unimplemented: Read as ‘0’

AMPSIDL: Op Amp x Peripheral Stop in Idle Mode bit

1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode

AMPSLP: Op Amp x Peripheral Enabled in Sleep Mode bit

1 = Continues module operation when device enters Sleep mode
0 = Discontinues module operation in Sleep mode

Unimplemented: Read as ‘0’
SPDSEL: Op Amp x Power/Speed Select bit

1 = Higher power and bandwidth (faster response time)
0 = Lower power and bandwidth (slower response time)

Unimplemented: Read as ‘0’

NINSEL<2:0>: Negative Op Amp Input Select bits

111 = Reserved; do not use

110 = Reserved; do not use

101 = Op amp negative input is connected to the op amp output (voltage follower)
100 = Reserved; do not use

011 = Reserved; do not use

010 = Op amp negative input is connected to the OAXIND pin

001 = Op amp negative input is connected to the OAXINB pin

000 = Op amp negative input is connected to AVSs

PINSEL<2:0>: Positive Op Amp Input Select bits

111 = Op amp positive input is connected to the output of the A/D input multiplexer
110 = Reserved; do not use

101 = Op amp positive input is connected to the DAC1 output for OA1 (DAC2 output for OA2)
100 = Reserved; do not use

011 = Reserved; do not use

010 = Op amp positive input is connected to the OAxINC pin

001 = Op amp positive input is connected to the OAxXINA pin

000 = Op amp positive input is connected to AVsSS

This register is available only on PIC24F(V)16KM2XX devices.
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FIGURE 24-1: TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR
CAPACITANCE MEASUREMENT

PIC24F Device

Timer1 |
. cmMmu
| EDG1STAT

Current Source

ANx
ANy
CAPP T~ RPR
24.2 Measuring Time time measurements, and how the CTMU and A/D
) ) o modules are related in this application. This example
Time measurements on the pulse width can be similarly also shows both edge events coming from the external
performed using the A/D module’s Internal Capacitor CTEDx pins, but other configurations using internal
(CAD) and a precision resistor for current calibration. edge sources are possible.
Figure 24-2 displays the external connections used for
FIGURE 24-2: TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR

TIME MEASUREMENT

PIC24F Device

|
[ CTEDx X[ EDGISTAT

|
|
| Current Source |
|

[ cTEDX XF—T EDGZSTAT?

ANX I A/D Converter

I
. L |
| CAD ::E |
| - I

RPR
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25.0 SPECIAL FEATURES 25.1 Configuration Bits

The Configuration bits can be programmed (read as
‘0’) or left unprogrammed (read as ‘1’) to select various
intended to be a comprehensive reference device configurations. These bits are mapped, starting
source. For more information on the at program memory location, F80000h. A complete list

Watchdog Timer, High-Level Device of Configuration register locations is provided in
Integration and Programming Diagnostics, Table 25-1. A detailed explanation of the various bit

Note: This data sheet summarizes the features of
this group of PIC24F devices. It is not

refer to the individual sections of the functions is provided in Register 25-1 through
“PIC24F Family Reference Manual’ Register 25-9.

provided below: The address, F80000h, is beyond the user program
« “Watchdog Timer (WDT)" (DS39697) memory space. In fact, it belongs to the configuration

.p . d Di tics” memory space (800000h-FFFFFFh), which can only be
rogramming and Liagnostics accessed using Table Reads and Table Writes.

(DS39716)
PIC24FXXXXX family devices include several features TABLE 25-1: CONFIGURATION REGISTERS
intended to maximize application flexibility and reli- LOCATIONS
ability, and minimize cost through elimination of i .
external components. These are: Con |gyrat|on Address
Register
» Flexible Configuration
« Watchdog Timer (WDT) FBS F80000
» Code Protection FGS F80004
¢ In-Circuit Serial Programming™ (ICSP™) FOSCSEL F80006
¢ In-Circuit Emulation FOSC F80008
FWDT F8000A
FPOR F8000C
FICD F8000E
REGISTER 25-1: FBS: BOOT SEGMENT CONFIGURATION REGISTER
U-0 U-0 U-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1
— — — — BSS2 BSS1 BSS0O BWRP
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 7-4 Unimplemented: Read as ‘0’
bit 3-1 BSS<2:0>: Boot Segment Program Flash Code Protection bits

111 = No boot program Flash segment

011 = Reserved

110 = Standard security, boot program Flash segment starts at 200h, ends at 000AFEh
010 = High-security, boot program Flash segment starts at 200h, ends at 000AFEh

101 = Standard security, boot program Flash segment starts at 200h, ends at 0015FER®
001 = High-security, boot program Flash segment starts at 200h, ends at 0015FEh®)
100 = Reserved

000 = Reserved

bit 0 BWRP: Boot Segment Program Flash Write Protection bit

1 = Boot Segment may be written
0 = Boot Segment is write-protected

Note 1: This selection should not be used in PIC24FV08KMXXX devices.
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TABLE 27-8: DC CHARACTERISTICS: POWER-DOWN CURRENT (IpD) (CONTINUED)

Standard Operating Conditions: 1.8V to 3.6V (PIC24F16KM204)
2.0V to 5.5V (PIC24FV16KM204)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Parzrgeter Device Typical®| Max Units Conditions
Module Differential Current (AIPD)(3)
DC71 PIC24FV16KMXXX 0.50 — uA 2.0V
0.70 15 LA 5.0V Watchdog Timer
Current:
PIC24F16KMXXX 0.50 — MA 1.8V AWDT
0.70 15 uA 3.3V
DC72 PIC24FV16KMXXX 0.80 — MA 2.0V 32 kHz Crystal with RTCC,
1.50 2.0 pA 5.0V DSWDT or Timer1:
PIC24F 16KMXXX 0.70 — pA 1.8V ASOSC
10 15 uA 3.3V (SOSCSEL =0)
DC75 PIC24FV16KMXXX 5.4 — MA 2.0V
8.1 14.0 uA 5.0V
AHLVD
PIC24F 16KMXXX 4.9 — MA 1.8V
7.5 14.0 MA 3.3V
DC76 PIC24FV16KMXXX 5.6 — uA 2.0V
6.5 11.2 MA 5.0V
ABOR
PIC24F 16KMXXX 5.6 — MA 1.8V
6.0 11.2 uA 3.3V
DC78 PIC24FV16KMXXX 0.03 — MA 2.0V
0.05 0.3 pA 5.0V Low-Power BOR:
PIC24F 16KMXXX 0.03 — uA 1.8V ALPBOR
0.05 0.3 MA 3.3V

Legend: Unshaded rows represent PIC24F16KMXXX devices and shaded rows represent PIC24FV16KMXXX devices.

Note 1. Data in the Typical column is at 3.3V, +25°C (PIC24F16KMXXX) or 5.0V, +25°C (PIC24FV16KMXXX)
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 outputs and set
low. PMSLP is set to ‘0’ and WDT, etc., are all switched off.

3. The A current is the additional current consumed when the module is enabled. This current should be
added to the base IPD current.
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TABLE 27-37: A/D MODULE SPECIFICATIONS

Standard Operating Conditions: 1.8V to 3.6V (PIC24F16KM204)
2.0V to 5.5V (PIC24FV16KM204)

AC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TAa < +125°C for Extended
Pilr:m Symbol Characteristic Min. Typ Max. Units Conditions
Device Supply
ADO1 |AVDD Module VDD Supply Greater of: — Lesser of: V  |PIC24FXXKMXXX devices
VbD-0.30r1.8 VDD + 0.3 0r 3.6
Greater of: — Lesser of: V  |PIC24FVXXKMXXX
Vbb-0.3 or 2.0 VoD + 0.3 0or 5.5 devices
ADO2 |AVss Module Vss Supply Vss-0.3 — Vss +0.3 Vv
Reference Inputs
ADO5 |VREFH Reference Voltage High AVss +1.7 — AVDD \%
ADO6 |VREFL Reference Voltage Low AVss — AVDD - 1.7 Vv
ADO7 |VREF Absolute Reference AVss —0.3 — AVDD + 0.3 \%
Voltage
ADO08 |IVREF Reference Voltage Input — 1.25 — mA
Current
ADO09 |ZVREF Reference Input — 10k — Q
Impedance
Analog Input
AD10 |VINH-VINL [Full-Scale Input Span VREFL — VREFH V  |(Note 2)
AD11 |VIN Absolute Input Voltage AVss —0.3 — AVDD + 0.3 \%
AD12 |VINL Absolute VINL Input AVss —0.3 — AVDD/2 \Y,
Voltage
AD17 |RIN Recommended — — 1k Q |12-bit
Impedance of Analog
Voltage Source
A/D Accuracy
AD20b |NR Resolution — 12 — bits
AD21b |INL Integral Nonlinearity — +1 +9 LSb |VINL = AVSs = VREFL = 0V,
AVDD = VREFH = 5V
AD22b |DNL Differential Nonlinearity — +1 +5 LSb [VINL = AVss = VREFL =0V,
AVDD = VREFH = 5V
AD23b |GERR Gain Error — +1 9 LSb [VINL = AVSS = VREFL = 0V,
AVDD = VREFH = 5V
AD24b |EOFF Offset Error — +1 5 LSb [VINL = AVSsS = VREFL = 0V,
AVDD = VREFH = 5V
AD25b Monotonicity(l) — — — — |Guaranteed
Note 1. The A/D conversion result never decreases with an increase in the input voltage.

2:

Measurements are taken with external VREF+ and VREF- used as the A/D voltage reference.
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28-Lead Plastic Shrink Small Outline (SS) — 5.30 mm Body [SSOP]

Note:

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

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

D

I

o
L1 L
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A - - 2.00
Molded Package Thickness A2 1.65 1.75 1.85
Standoff A1 0.05 - -
Overall Width E 7.40 7.80 8.20
Molded Package Width E1 5.00 5.30 5.60
Overall Length D 9.90 10.20 10.50
Foot Length L 0.55 0.75 0.95
Footprint L1 1.25 REF
Lead Thickness c 0.09 - 0.25
Foot Angle [0} 0° 4° 8°
Lead Width b 0.22 - 0.38

2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.20 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-073B
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NOTES:
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