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What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

Active

PIC

16-Bit

32MHz

I2C, IrDA, LINbus, PMP/PSP, SPI, UART/USART
Brown-out Detect/Reset, DMA, LCD, LVD, POR, PWM, WDT
53

64KB (22K x 24)

FLASH

8K x 8

2V ~ 3.6V

A/D 16x10b/12b; D/A 1x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-VFQFN Exposed Pad

64-QFN (9x9)
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PIC24FJ256GA412/GB412 FAMILY

Pin Diagrams (Continued)

64-Pin TQFP
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Legend: Shaded pins indicate pins tolerant to up to +5.5 VDC. See Table 2 for a complete description of pin functions.
It is recommended to connect the metal pad on the bottom of the 64-pin QFN package to Vss.
2: PIC24FJ256GB406 devices use VusB3v3 instead of RF6 and VBUS/RF7 instead of RF2.
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PIC24FJ256GA412/GB412 FAMILY

Pin Diagrams (Continued)
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Legend: Shaded pins indicate pins tolerant to up to +5.5 VDC. See Table 4 for a complete description of pin functions.
Note 1: PIC24FJ256GB410 devices use VusB3v3 instead of RF6.
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TABLE 1-1: DEVICE FEATURES FOR THE PIC24FJ256GA412/GB412 FAMILY: 64-PIN
PIC24FIXXXGA/GB406
Features
64GA 128GA 256GA 64GB 128GB 256GB

Operating Frequency DC - 32 MHz

Program Memory (bytes) 64K 128K 256K 64K 128K 256K
Program Memory (instructions) 22,016 44,032 88,064 22,016 44,032 88,064
Data Memory (bytes) 8K 16K 8K 16K
Interrupt Sources (soft vectors/ 113 (107/6)

NMI traps)

1/0 Ports Ports B, C,D,E,F, G

Total I/O Pins 53 52
Remappable Pins 30 (29 I/Os, 1 input only) 29 (28 1/0s, 1 input only)
Timers:

Total Number (16-bit) 19(1.2)

32-Bit (from paired 16-bit timers) 9

Input Capture w/Timer Channels 6@

Output Compare/PWM Channels 6@
Capture/Compare/PWM/Timer:

Single Output (SCCP) 6

Multiple Output (MCCP) 1

Serial Communications:

UART 6@

SPI (3-wire/4-wire) 4@

e 3

USB On-The-Go No Yes
Cryptographic Engine Yes

Parallel Communications Yes

(EPMP/PSP)

10/12-Bit Analog-to-Digital 16

Converter (A/D) (input channels)

Digital-to-Analog Converter 1

(DAC)

Analog Comparators 3

CTMU Interface Yes

LCD Controller (available pixels) 248 (35 SEG x 8 COM) | 240 (34 SEG x 8 COM)
JTAG Boundary Scan Yes

Resets (and delays)

Core POR, VDD POR, VBAT POR, BOR, RESET Instruction,
MCLR, WDT, lllegal Opcode, REPEAT Instruction,
Hardware Traps, Configuration Word Mismatch

(OST, PLL Lock)

Instruction Set

77 Base Instructions, Multiple Addressing Mode Variations

Packages

64-Pin TQFP and QFN

Note 1:

Includes the Timer modes of the SCCP and MCCP modules.

2: Some instantiations of these modules are only available through remappable pins.

DS30010089D-page 22
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PIC24FJ256GA412/GB412 FAMILY

4.3 Data Memory Space

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 “dsPIC33/PIC24 Family Reference
Manual’, “Data Memory with Extended
Data Space (EDS)” (DS39733). The infor-
mation in this data sheet supersedes the
information in the FRM.

The PIC24F core has a 16-bit wide data memory space,
addressable as a single linear range. The Data Space
(DS) is accessed using two Address Generation Units
(AGUs), one each for read and write operations. The
Data Space memory map is shown in Figure 4-5.

The 16-bit wide data addresses in the data memory
space point to bytes within the Data Space. This gives a
DS address range of 64 Kbytes or 32K words. The lower
half (0000h to 7FFFh) is used for implemented (on-chip)
memory addresses.

The upper half of data memory address space (8000h to
FFFFh) is used as a window into the Extended Data
Space (EDS). This allows the microcontroller to directly
access a greater range of data beyond the standard
16-bit address range. EDS is discussed in detail in
Section 4.3.5 “Extended Data Space (EDS)".

Devices with 64 Kbytes of program memory implement
8 Kbytes of data RAM in the lower half of the DS, from
0800h to 27FFh. All other devices in this family imple-
ment 16 Kbytes of data RAM, from 0800h to 47FFh. The
lower half of the DS is compatible with previous PIC24F
microcontrollers without EDS.

4.3.1 DATA SPACE WIDTH

The data memory space is organized in
byte-addressable, 16-bit wide blocks. Data is aligned
in data memory and registers as 16-bit words, but all
Data Space Effective Addresses (EAs) resolve to
bytes. The Least Significant Bytes (LSBs) of each word
have even addresses, while the Most Significant Bytes
(MSBs) have odd addresses.

FIGURE 4-5: DATA SPACE MEMORY MAP FOR PIC24FJ256GA412/GB412 FAMILY DEVICES
MSB LSB
Address M§B L§B Address
Y
T
~ 0001h SFR Space 0000h ™) sER
07FFh ! O7FEh_| Space | Near
0801h | 0800h Data Space
1FFFh ! 1FFEh
- — —Data RAM - —
2001h i 2000h
FEh
Lower 32 Kbytes ) XX'(:)':E | XOOh
XX
Data Space | Program Memory
o 128-Kbyte
Unlmplelmented 64-Kbyte 256-Kbyte
| Data RAM (Kbyte) 8 16
\_ 7FFFh | 7FFEh Upper Boundary 27FFh 47FFh
~~ 8001h ' 8000h
I
I
I
EDS Window
Upper 32 Kbytes (Section 4.3.5)
Data Space ;
I
I
I
\_ FFFFh | FFFEh
Note:  Memory areas are not shown to scale.
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FIGURE 8-1:

PIC24F INTERRUPT VECTOR TABLES

Interrupt Vector Table (IVT)®

Alternate Interrupt Vector Table (AIVT):2)

Reset — GOTO Instruction 000000h Reserved BOA+00h
Reset — GOTOAddress 000002h Reserved BOA+02h
Oscillator Fail Trap Vector | 000004h Oscillator Fail Trap Vector | BOA+04h
Address Error Trap Vector Address Error Trap Vector
General Hard Trap Vector General Hard Trap Vector
.*? Stack Error Trap Vector Stack Error Trap Vector
2 Math Error Trap Vector Math Error Trap Vector
n; Reserved Reserved
g General Soft Trap Vector General Soft Trap Vector
9 Reserved Reserved
[ Interrupt Vector 0 000014h Interrupt Vector 0 BOA+14h
2 Interrupt Vector 1 Interrupt Vector 1
z — —
()]
£ — —
§ Interrupt Vector 52 00007Ch Interrupt Vector 52 BOA+7Ch
5 Interrupt Vector 53 00007Eh Interrupt Vector 53 BOA+7Eh
] Interrupt Vector 54 000080h Interrupt Vector 54 BOA+80h
Interrupt Vector 116 0000FCh Interrupt Vector 116
Interrupt Vector 117 0000FEh Interrupt Vector 117 BOA+FEh
Y (Start of Code) (BOA+100h)
Legend: BOA: Base Offset Address for AIVT, which is the starting address of the last page of the Boot Segment.
All addresses are in hexadecimal.
Note 1: See Table 8-2 for the interrupt vector list.
2:  AIVT is only available when a Boot Segment is implemented.
TABLE 8-1: TRAP VECTOR DETAILS
Vector Number IVT Address AIVT Address Trap Source
0 000004h BOA+04h Oscillator Failure
1 000006h BOA+06h Address Error
2 000008h BOA+08h General Hardware Error
3 00000AhN BOA+0Ah Stack Error
4 00000Ch BOA+0Ch Math Error
5 00000Eh BOA+0Eh Reserved
6 000010h BOA+10h General Software Error
7 000012h BOA+12h Reserved

Legend:

Boot Segment.

BOA = Base Offset Address for AIVT segment, which is the starting address of the last page of the

DS30010089D-page
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REGISTER 8-28: IPC6: INTERRUPT PRIORITY CONTROL REGISTER 6

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— T4IP2 T4IP1 T4IP0 — 0OC41P2 OC4IP1 OC41P0
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— OC3IP2 OC3IP1 OC3IPO — DMA2IP2 DMA2IP1 DMAZ2IPO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 Unimplemented: Read as ‘0’

bit 14-12 T41P<2:0>: Timer4 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)

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

bit 11 Unimplemented: Read as ‘0’
bit 10-8 OC41P<2:0>: Output Compare Channel 4 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)

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

bit 7 Unimplemented: Read as ‘0’
bit 6-4 OC3IP<2:0>: Output Compare Channel 3 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)

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

bit 3 Unimplemented: Read as ‘0’

bit 2-0 DMAZ2IP<2:0>: DMA Channel 2 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)

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

DS30010089D-page 156 © 2015-2016 Microchip Technology Inc.
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9.3 Control Registers

The operation of the oscillator is controlled by three
Special Function Registers:

+ OSCCON

« CLKDIV

+ OSCTUN

The OSCCON register (Register 9-1) is the main con-

trol register for the oscillator. It controls clock source
switching and allows the monitoring of clock sources.

OSCCON is protected by a write lock to prevent
inadvertent clock switches. See Section 9.4 “Clock
Switching Operation” for more information.

The CLKDIV register (Register 9-2) controls the
features associated with Doze mode, as well as the
postscaler for the FRC Oscillator.

The OSCTUN register (Register 9-3) allows the user to
fine-tune the FRC Oscillator over a range of approxi-
mately +1.5%. It also controls the FRC self-tuning
features, described in Section 9.5 “FRC Active Clock
Tuning”.

REGISTER 9-1: OSCCON: OSCILLATOR CONTROL REGISTER
u-0 R-0 R-0 R-0 u-0 R/W-x1) R/W-x(1) R/W-x®)
— CcoscCc2 CcoscC1 COscCo — NOSC2 NOSCH1 NOSCO0
bit 15 bit 8
R/SO-0 R/W-0 R-00) u-0 R/CO-0 R/W-0 R/W-0 R/W-0
CLKLOCK | 10LOCK® LOCK — CF POSCEN SOSCEN OSWEN
bit 7 bit 0
Legend: CO = Clearable Only bit SO = Settable Only bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 Unimplemented: Read as ‘0’
bit 14-12 COSC<2:0>: Current Oscillator Selection bits

111 = Fast RC Oscillator with Postscaler (FRCDIV)
110 = Reserved
101 = Low-Power RC Oscillator (LPRC)
100 = Secondary Oscillator (SOSC)
011 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)
010 = Primary Oscillator (XT, HS, EC)
001 = Fast RC Oscillator with Postscaler and PLL module (FRCPLL)®
000 = Fast RC Oscillator (FRC)
bit 11 Unimplemented: Read as ‘0’
bit 10-8 NOSC<2:0>: New Oscillator Selection bits(!)
111 = Fast RC Oscillator with Postscaler (FRCDIV)
110 = Reserved
101 = Low-Power RC Oscillator (LPRC)
100 = Secondary Oscillator (SOSC)
011 = Primary Oscillator with PLL module (XTPLL, HSPLL, ECPLL)
010 = Primary Oscillator (XT, HS, EC)
001 = Fast RC Oscillator with Postscaler and PLL module (FRCPLL)®
000 = Fast RC Oscillator (FRC)

Note 1: Reset values for these bits are determined by the FNOSCx Configuration bits.

2: The state of the IOLOCK bit can only be changed once an unlocking sequence has been executed. In
addition, if the IOL1WAY Configuration bit is ‘1’ once the IOLOCK bit is set, it cannot be cleared.

3: This bit also resets to ‘0’ during any valid clock switch or whenever a non-PLL Clock mode is selected.
4: The default divisor of the postscaler is 2, which will generate a 4 MHz clock to the PLL module.

© 2015-2016 Microchip Technology Inc. DS30010089D-page 185
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9.4 Clock Switching Operation

With few limitations, applications are free to switch
between any of the four clock sources (POSC, SOSC,
FRC and LPRC) under software control and at any
time. To limit the possible side effects that could result
from this flexibility, PIC24F devices have a safeguard
lock built into the switching process.

Note:  The Primary Oscillator mode has three
different submodes (XT, HS and EC)
which are determined by the POSCMODx
Configuration bits. While an application
can switch to and from Primary Oscillator
mode in software, it cannot switch
between the different primary submodes

without reprogramming the device.

9.4.1 ENABLING CLOCK SWITCHING

To enable clock switching, the FCKSMx Configuration
bits in the FOSC Configuration Word must be pro-
grammed. (Refer to Section 33.1 “Configuration
Bits” for further details.) If the bits are unmodified, the
clock switching function and Fail-Safe Clock Monitor
function are disabled; this is the default setting.

The NOSCx control bits (OSCCON<10:8>) do not control
the clock selection when clock switching is disabled.
However, the COSC<2:0> bits (OSCCON<14:12>) will
reflect the clock source selected by the FNOSCx
Configuration bits.

The OSWEN control bit (OSCCON<0>) has no effect
when clock switching is disabled; it is held at ‘0’ at alll
times.

9.4.2 OSCILLATOR SWITCHING
SEQUENCE

At a minimum, performing a clock switch requires this
basic sequence:

1. If desired, read the COSC<2:0> bits
(OSCCON<14:12>) to determine the current
oscillator source.

2. Perform the unlock sequence to allow a write to
the OSCCON register high byte.

3. Write the appropriate value to the NOSCx bits
(OSCCON<10:8>) for the new oscillator source.

4. Perform the unlock sequence to allow a write to
the OSCCON register low byte.

5. Set the OSWEN bit to initiate the oscillator
switch.

Once the basic sequence is completed, the system
clock hardware responds automatically as follows:

1.

The clock switching hardware compares the
COSCx bits with the new value of the NOSCx
bits. If they are the same, then the clock switch
is a redundant operation. In this case, the
OSWEN bit is cleared automatically and the
clock switch is aborted.

If a valid clock switch has been initiated, the
LOCK (OSCCON<5>) and CF (OSCCON<3>)
bits are cleared.

The new oscillator is turned on by the hardware
if it is not currently running. If a crystal oscillator
must be turned on, the hardware will wait until
the OST expires. If the new source is using the
PLL, then the hardware waits until a PLL lock is
detected (LOCK =1).

The hardware waits for 10 clock cycles from the
new clock source and then performs the clock
switch.

The hardware clears the OSWEN bit to indicate
a successful clock transition. In addition, the
NOSCx bits value is transferred to the COSCx
bits.

The old clock source is turned off at this time,
with the exception of LPRC (if WDT or FSCM is
enabled) or SOSC (if SOSCEN remains set).

Note 1: The processor will continue to execute

code throughout the clock switching
sequence. Timing-sensitive code should
not be executed during this time.

2. Direct clock switches between any
Primary Oscillator mode with PLL and
FRCPLL mode are not permitted. This
applies to clock switches in either direc-
tion. In these instances, the application
must switch to FRC mode as a transitional
clock source between the two PLL modes.

© 2015-2016 Microchip Technology Inc.
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REGISTER 13-2: TyCON: TIMER3 AND TIMER5 CONTROL REGISTER()

R/W-0 uU-0 R/W-0 uU-0 u-0 uU-0 R/W-0 R/W-0
TON® — TSIDL® — — — TECS123 | TECS0@?)
bit 15 bit 8
uU-0 R/W-0 R/W-0 R/W-0 uU-0 uU-0 R/W-0 u-0
— TGATE® | TCKPS1® | TCKPSO0@ — — TCS@3) —
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 TON: Timery On bit®
1 = Starts 16-bit Timery
0 = Stops 16-bit Timery
bit 14 Unimplemented: Read as ‘0’
bit 13 TSIDL: Timery Stop in Idle Mode bit(?)
1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode
bit 12-10 Unimplemented: Read as ‘0’
bit 9-8 TECS<1:0>: Timery Extended Clock Source Select bits (selected when TCS = 1))
11 = Generic Timer (TMRCK) external input
10 = LPRC Oscillator
01 = TxCK external clock input
00 =SOSC
bit 7 Unimplemented: Read as ‘0’
bit 6 TGATE: Timery Gated Time Accumulation Enable bit(2)
When TCS = 1:
This bit is ignored.
When TCS = 0:
1 = Gated time accumulation is enabled
0 = Gated time accumulation is disabled
bit 5-4 TCKPS<1:0>: Timery Input Clock Prescale Select bits®
11 =1:256
10 = 1:64
01=1:8
00 = 1:1
bit 3-2 Unimplemented: Read as ‘0’
bit 1 TCS: Timery Clock Source Select bit(2-3)
1 = External clock from pin, TyCK (on the rising edge)
0 = Internal clock (Fosc/2)
bit 0 Unimplemented: Read as ‘0’
Note 1: Changing the value of TYCON while the timer is running (TON = 1) causes the timer prescale counter to
reset and is not recommended.
2:  When 32-bit operation is enabled (T2CON<3> or T4CON<3> = 1), these bits have no effect on Timery
operation; all timer functions are set through T2CON and T4CON.
3: IfTCS =1 and TECS<1:0> = x1, the selected external timer input (TyCK) must be configured to an

available RPn/RPIn pin. For more information, see Section 11.5 “Peripheral Pin Select (PPS)".
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145 Auxiliary Output

The MCCPx and SCCPx modules have an auxiliary
(secondary) output that provides other peripherals
access to internal module signals. The auxiliary output
is intended to connect to other MCCP or SCCP
modules, or other digital peripherals, to provide these
types of functions:

» Time Base Synchronization

+ Peripheral Trigger and Clock Inputs

+ Signal Gating

TABLE 14-4: AUXILIARY OUTPUT

The type of output signal is selected using the
AUXOUT<1:0> control bits (CCPxCON2H<4:3>). The
type of output signal is also dependent on the module
operating mode.

On the PIC24FJ256GA412/GB412 family of devices,
only the CTMU discharge trigger has access to the
auxiliary output signal.

AUXOUT<1:0> CCSEL MOD<3:0> Comments Signal Description
00 X XXXX Auxiliary output disabled No Output
01 0 0000 Time Base modes Time Base Period Reset or Rollover
10 Special Event Trigger Output
11 No Output
01 0 0001 Output Compare modes Time Base Period Reset or Rollover
10 through Output Compare Event Signal
11 1111 Output Compare Signal
01 1 XXXX Input Capture modes Time Base Period Reset or Rollover
10 Reflects the Value of the ICDIS bit
11 Input Capture Event Signal

DS30010089D-page 264
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REGISTER 14-5:  CCPxCON3L: CCPx CONTROL 3 LOW REGISTERS™

u-0 u-0 u-0 u-0 u-0 U-0 U-0 U-0
bit 15 bit 8
u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
_ — DT<5:0>
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 15-6 Unimplemented: Read as ‘0’
bit 5-0 DT<5:0>: CCPx Dead-Time Select bits

111111 = Inserts 63 dead-time delay periods between complementary output signals
111110 = Inserts 62 dead-time delay periods between complementary output signals

000010 = Inserts 2 dead-time delay periods between complementary output signals
000001 = Inserts 1 dead-time delay period between complementary output signals
000000 = Dead-time logic is disabled

Note 1. This register is implemented in MCCPx modules only.
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16.0 OUTPUT COMPARE WITH
DEDICATED TIMERS

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
“dsPIC33/PIC24 Family Reference Man-
ual”, “Output Compare with Dedicated
Timer” (DS70005159). The information in
this data sheet supersedes the information
in the FRM.

Devices in the PIC24FJ256GA412/GB412 family all
feature six independent output compare modules. Each
of these modules offers a wide range of configuration
and operating options for generating pulse trains on
internal device events, and can produce Pulse-Width
Modulated (PWM) waveforms for driving power
applications.

Key features of the output compare module include:

» Hardware-Configurable for 32-Bit Operation in All
Modes by Cascading Two Adjacent Modules

+ Synchronous and Trigger Modes of Output
Compare Operation, with up to 31 User-Selectable
Trigger/Sync Sources Available

» Two Separate Period Registers (a main register,
OCxR, and a secondary register, OCxRS) for
Greater Flexibility in Generating Pulses of Varying
Widths

» Configurable for Single Pulse or Continuous
Pulse Generation on an Output Event, or
Continuous PWM Waveform Generation

» Up to 6 Clock Sources Available for Each Module,
Driving a Separate Internal 16-Bit Counter

16.1 General Operating Modes

16.1.1 SYNCHRONOUS AND TRIGGER
MODES

When the output compare module operates in a
Free-Running mode, the internal 16-bit counter,
OCxTMR, runs counts up continuously, wrapping
around from OxFFFF to 0x0000 on each overflow. lts
period is synchronized to the selected external clock
source. Compare or PWM events are generated each
time a match between the internal counter and one of
the Period registers occurs.

In Synchronous mode, the module begins performing
its compare or PWM operation as soon as its selected
clock source is enabled. Whenever an event occurs on
the selected sync source, the module’s internal counter
is reset. In Trigger mode, the module waits for a sync
event from another internal module to occur before
allowing the counter to run.

Free-Running mode is selected by default or any time
that the SYNCSEL<4:0> bits (OCxCON2<4:0>) are set
to ‘00000’. Synchronous or Trigger modes are selected
any time the SYNCSELXx bits are set to any value except
‘00000’. The OCTRIG bit (OCxCON2<7>) selects either
Synchronous or Trigger mode; setting the bit selects
Trigger mode operation. In both modes, the SYNCSELx
bits determine the sync/trigger source.

16.1.2 CASCADED (32-BIT) MODE

By default, each module operates independently with
its own set of 16-bit Timer and Duty Cycle registers. To
increase resolution, adjacent even and odd modules
can be configured to function as a single 32-bit module.
(For example, Modules 1 and 2 are paired, as are
Modules 3 and 4, and so on.) The odd numbered
module, Output Compare x (OCx), provides the Least
Significant 16 bits of the 32-bit register pairs and the
even numbered module, Output Compare y (OCy),
provides the Most Significant 16 bits. Wrap arounds of
the OCx registers cause an increment of their
corresponding OCy registers.

Cascaded operation is configured in hardware by
setting the OC32 bit (OCxCON2<8>) for both modules.
For more information on cascading, refer to the
“dsPIC33/PIC24 Family Reference Manual”, “Output
Compare with Dedicated Timer” (DS70005159).
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REGISTER 19-8: UxWTCL: UARTx WAITING TIME COUNTER REGISTER (LOWER BITS)(l)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
WTC<15:8>
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
WTC<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-0 WTC<15:0>: Waiting Time Counter bits

This counter is operated on the bit clock whose period is always equal to one ETU.

Note 1: This register is only available for UART1 and UART2.

REGISTER 19-9:  UXWTCH: WAITING TIME COUNTER REGISTER (UPPER BITS)®

U-0 uU-0 u-0 uU-0 U-0 U-0 uU-0 u-0
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
WTC<23:16>
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 7-0 WTC<23:16>: Waiting Time Counter bits

This counter is operated on the bit clock whose period is always equal to one ETU.

Note 1: This register is only available for UART1 and UART2.
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REGISTER 20-1: BDnSTAT: BUFFER DESCRIPTOR n STATUS REGISTER PROTOTYPE,
USB MODE (BDOSTAT THROUGH BD63STAT)

R/W-x RMW-x  RM-x, HSC R/MW-x, HSC R/MW-x, HSC RMW-x, HSC R/MW-x, HSC R/W-x, HSC
UOWN DTS | PD3 [ PID2 PD1 | PIDO BC9 BC8
bit 15 bit 8

R/W-x, HSC R/W-x, HSC R/W-x, HSC R/W-x, HSC R/W-x, HSC R/W-x, HSC R/W-x, HSC R/W-x, HSC

BC7 BC6 BC5 BC4 BC3 BC2 BC1 BCO
bit 7 bit 0
Legend: HSC = Hardware Settable/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 UOWN: USB Own bit
1 = The USB module owns the BD and its corresponding buffer; the CPU must not modify the BD or
the buffer
bit 14 DTS: Data Toggle Packet bit

1 = Data 1 packet
0 = Data 0 packet
bit 13-10 PID<3:0>: Packet Identifier bits (written by the USB module)
In Device Mode:
Represents the PID of the received token during the last transfer.
In Host Mode:
Represents the last returned PID or the transfer status indicator.
bit 9-0 BC<9:0>: Byte Count bits
This represents the number of bytes to be transmitted or the maximum number of bytes to be received
during a transfer. Upon completion, the byte count is updated by the USB module with the actual
number of bytes transmitted or received.
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20.7.3 USB ENDPOINT MANAGEMENT
REGISTERS

REGISTER 20-21: U1EPnNn: USB ENDPOINT n CONTROL REGISTERS (n =0 to 15)

u-0 uU-0 uU-0 uU-0 uU-0 U-0 U-0 U-0
bit 15 bit 8
R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
LsPD® | RETRYDIS® — EPCONDIS | EPRXEN EPTXEN EPSTALL EPHSHK
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-8 Unimplemented: Read as ‘0’
bit 7 LSPD: Low-Speed Direct Connection Enable bit (U1EPO only)®

1 = Direct connection to a low-speed device is enabled

0 = Direct connection to a low-speed device is disabled
bit 6 RETRYDIS: Retry Disable bit (U1EPO only)®

1 = Retry NAK transactions are disabled

0 = Retry NAK transactions are enabled; retry is done in hardware
bit 5 Unimplemented: Read as ‘0’
bit 4 EPCONDIS: Bidirectional Endpoint Control bit

If EPTXEN and EPRXEN = 1:
1 = Disables Endpoint n from control transfers; only TX and RX transfers are allowed
0 = Enables Endpoint n for control (SETUP) transfers; TX and RX transfers are also allowed

For All Other Combinations of EPTXEN and EPRXEN:
This bit is ignored.
bit 3 EPRXEN: Endpoint Receive Enable bit
1 = Endpoint n receive is enabled
0 = Endpoint n receive is disabled
bit 2 EPTXEN: Endpoint Transmit Enable bit
1 = Endpoint n transmit is enabled
0 = Endpoint n transmit is disabled
bit 1 EPSTALL: Endpoint STALL Status bit
1 = Endpoint n was stalled
0 = Endpoint n was not stalled
bit 0 EPHSHK: Endpoint Handshake Enable bit

1 = Endpoint handshake is enabled
0 = Endpoint handshake is disabled (typically used for isochronous endpoints)

Note 1. These bits are available only for U1EPO and only in Host mode. For all other U1EPn registers, these bits
are always unimplemented and read as ‘0.
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REGISTER 25-1: CRYCONH: CRYPTOGRAPHIC CONTROL HIGH REGISTER

u-0 R/W-0) R/W-01) R/wW-0) R/W-0®) R/W-0®) R/W-0) R/W-00)
— CTRSIZE6?@3|CTRSIZES?3) | CTRSIZE4@3 | CTRSIZE3(3) | CTRSIZE2(23) | CTRSIZE1(23) | CTRSIZEQ?ED
bit 15 bit 8
R/W-0®) R/W-0() R/W-01) R/S-0() R/W-0®) R/W-0®) R/W-0() R/W-0®)
SKEYSEL | KEYMOD1® | KEYMODO®@ | KEYWIPE | KEYSRC3@ | KEYSRC2® | KEYSRC1®@ | KEYSRCO®
bit 7 bit 0
Legend: S = Settable Only bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 15 Unimplemented: Read as ‘0’

bit 14-8 CTRSIZE<6:0>: Counter Size Select bits(123)
Counter is defined as CRYTXTB<n:0>, where n = CTRSIZEx. The counter increments after each
operation and generates a rollover event when the counter rolls over from (2”'1 -1)to 0.
1111111 =128 bits (CRYTXTB<127:0>)
1111110 =127 bits (CRYTXTB<126:0>)

0000010 = 3 bits (CRYTXTB<2:0>)
0000001 = 2 bits (CRYTXTB<1:0>)
0000000 = 1 bit (CRYTXTB<0>); rollover event occurs when CRYTXTB<0> toggles from ‘1’ to ‘0’
bit 7 SKEYSEL: Session Key Select bit()
1 = Key generation/encryption/loading performed with CRYKEY<255:128>
0 = Key generation/encryption/loading performed with CRYKEY<127:0>
bit 6-5 KEYMOD<1:0>: AES/DES Encrypt/Decrypt Key Mode/Key Length Select bits(1:2)
For DES Encrypt/Decrypt Operations (CPHRSEL = 0):
11 = 64-bit, 3-key 3DES
10 = Reserved
01 = 64-bit, standard 2-key 3DES
00 = 64-bit DES
For AES Encrypt/Decrypt Operations (CPHRSEL = 1):
11 = Reserved
10 = 256-bit AES
01 = 192-bit AES
00 = 128-bit AES
bit 4 KEYWIPE: Key RAM Erase Enable bit()
1 = Erases Key RAM (set only by software, cleared only by hardware on the next clock cycle)
0 = Key RAM erase has not been requested or has completed
bit 3-0 KEYSRC<3:0>: Cipher Key Source bits(1:2)
Refer to Table 25-1 and Table 25-2 for KEYSRC<3:0> values.

Note 1: These bits are reset on system Resets or whenever the CRYMD bit (PMD8<0>) is set.
2:  Wirites to these bit fields are locked out whenever an operation is in progress (CRYGO bit is set).
3: Used only in CTR operations when CRYTXTB is being used as a counter; otherwise, these bits have no effect.
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27.0 12-BIT A/D CONVERTER WITH
THRESHOLD DETECT

Note:  This data sheet summarizes the features
of this group of PIC24F devices. It is not
intended to be a comprehensive refer-
ence source. For more information on
the 12-Bit A/D Converter, refer to the
“dsPIC33/PIC24 Family Reference
Manual”, “12-Bit A/D Converter with
Threshold Detect” (DS39739). The infor-
mation in this data sheet supersedes the

information in the FRM.

The 12-bit A/D Converter has the following key
features:

» Successive Approximation Register (SAR)
Conversion

» Conversion Speeds of up to 200 ksps

» Up to 20 Analog Input Channels (internal and
external)

+ Selectable 10-Bit or 12-Bit (default) Conversion
Resolution

» Multiple Internal Reference Input Channels

» External Voltage Reference Input Pins

» Unipolar Differential Sample-and-Hold (S/H)
Amplifier

» Automated Threshold Scan and Compare
Operation to Pre-Evaluate Conversion Results

» Selectable Conversion Trigger Source

» Fixed Length (one word per channel),
Configurable Conversion Result Buffer

» Four Options for Results Alignment

+ Configurable Interrupt Generation

» Enhanced DMA Operations with Indirect Address
Generation

» Operation During CPU Sleep and Idle modes

The 12-bit A/D Converter module is an enhanced
version of the 10-bit module offered in earlier PIC24
devices. It is a Successive Approximation Register
(SAR) Converter, enhanced with 12-bit resolution, a
wide range of automatic sampling options, tighter inte-
gration with other analog modules and a configurable
results buffer.

It also includes a unique Threshold Detect feature that
allows the module itself to make simple decisions
based on the conversion results, and enhanced opera-
tion with the DMA Controller through Peripheral Indirect
Addressing (PIA).

A simplified block diagram for the module is shown in
Figure 27-1.

27.1 Basic Operation

To perform a standard A/D conversion:

1. Configure the module:

a) Configure port pins as analog inputs by
setting the appropriate bits in the ANSx reg-
isters (see Section 11.2 “Configuring
Analog Port Pins (ANSx)” for more
information).

b) Select the voltage reference source to
match the expected range on analog inputs
(AD1CON2<15:13>).

c) Select the positive and negative multiplexer
inputs for each channel (AD1CHS<15:0>).

d) Select the analog conversion clock to match
the desired data rate with the processor
clock (AD1CON3<7:0>).

e) Select the appropriate sample/conversion
sequence (AD1CON1<7:4> and
AD1CON3<12:8>).

f)  For Channel A scanning operations, select
the positive channels to be included
(AD1CSSH and AD1CSSL registers).

g) Select how conversion results are
presented in the buffer (AD1CON1<9:8>
and AD1CONS register).

h) Select the interrupt rate (AD1CON2<6:2>).
i) Turn on A/D module (AD1CON1<15>).
2. Configure the A/D interrupt (if required):
a) Clear the AD1IF bit (IFS0<13>).
b) Enable the AD1IE interrupt (IEC0<13>).
c) Select the A/D interrupt priority (IPC3<6:4>).

3. Ifthe module is configured for manual sampling,
set the SAMP bit (AD1CON1<1>) to begin
sampling.
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REGISTER 31-2:

CTMUCON1H: CTMU CONTROL 1 HIGH 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
EDG1MOD | EDG1POL | EDG1SEL3 | EDG1SEL2 | EDG1SEL1 | EDG1SELO | EDG2STAT | EDG1STAT
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0 U-0

EDG2MOD | EDG2POL | EDG2SEL3 | EDG2SEL2 | EDG2SEL1 | EDG2SELO — —
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

bit 8

bit 7

bit 6

EDG1MOD: Edge 1 Edge-Sensitive Select bit
1 = Input is edge-sensitive
0 = Input is level-sensitive

EDG1POL: Edge 1 Polarity Select bit

1 = Edge 1 is programmed for a positive edge response
0 = Edge 1 is programmed for a negative edge response
EDG1SEL<3:0>: Edge 1 Source Select bits

1111 = Comparator 3 output

1110 = Comparator 2 output

1101 = Comparator 1 output

1100 =1C3

1011 =1C2

1010 =1IC1

1001 = CTEDS8

1000 = CTED7

0111 = CTED®6

0110 = CTEDS

0101 = CTED4

0100 = CTED3

0011 = CTED1

0010 = CTED2

0001 = OC1

0000 = Timer1 match

EDG2STAT: Edge 2 Status bit

Indicates the status of Edge 2 and can be written to control current source.

1 = Edge 2 has occurred
0 = Edge 2 has not occurred

EDGI1STAT: Edge 1 Status bit

Indicates the status of Edge 1 and can be written to control current source.

1 = Edge 1 has occurred

0 = Edge 1 has not occurred

EDG2MOD: Edge 2 Edge-Sensitive Select bit
1 = Input is edge-sensitive

0 = Input is level-sensitive

EDG2POL: Edge 2 Polarity Select bit

1 = Edge 2 is programmed for a positive edge response
0 = Edge 2 is programmed for a negative edge response
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TABLE 35-2: INSTRUCTION SET OVERVIEW (CONTINUED)
Vnemonis Assembly Syntax Description words | Cycles | Affectod
PWRSAV PWRSAV #litl Go into Sleep or Idle mode 1 1 WDTO, SLEEP
RCALL RCALL Expr Relative Call 1 2 None
RCALL Wh Computed Call 1 2 None
REPEAT REPEAT #litla Repeat Next Instruction lit14 + 1 times 1 1 None
REPEAT Wh Repeat Next Instruction (Wn) + 1 times 1 1 None
RESET RESET Software Device Reset 1 1 None
RETFI E RETFI E Return from Interrupt 1 3(2) | None
RETLW RETLW #1110, Wh Return with Literal in Wn 1 3(2) |None
RETURN RETURN Return from Subroutine 1 3(2) | None
RLC RLC f f = Rotate Left through Carry f 1 1 C,N,Z
RLC f, WREG WREG = Rotate Left through Carry f 1 1 C,N,Z
RLC Ws, Wi Wd = Rotate Left through Carry Ws 1 1 C,N,Z
RLNC RLNC f f = Rotate Left (No Carry) f 1 1 N, Z
RLNC f, \REG WREG = Rotate Left (No Carry) f 1 1 N, Z
RLNC W, Wi Wd = Rotate Left (No Carry) Ws 1 1 N, Z
RRC RRC f f = Rotate Right through Carry f 1 1 C,N,z
RRC f, WREG WREG = Rotate Right through Carry f 1 1 C,N,Z
RRC Ws, Wi Wd = Rotate Right through Carry Ws 1 1 C,N,Z
RRNC RRNC f f = Rotate Right (No Carry) f 1 1 N, Z
RRNC f, \REG WREG = Rotate Right (No Carry) f 1 1 N, Z
RRNC W, Wi Wd = Rotate Right (No Carry) Ws 1 1 N, Z
SE SE Ws, Whd Wnd = Sign-Extended Ws 1 1 C,N,Z
SETM SETM f f=FFFFh 1 1 None
SETM WREG WREG = FFFFh 1 1 None
SETM W Ws = FFFFh 1 1 None
SL SL f f = Left Shift f 1 1 C,N,0v,z
SL f, WREG WREG = Left Shift 1 1 C,N,0v,z
SL W, Wi Wd = Left Shift Ws 1 1 C,N,0v,z
SL Wb, Wis, Wd Wnd = Left Shift Wb by Wns 1 1 N, Z
SL Wb, #1i t5, wid Wnd = Left Shift Wb by lit5 1 1 N, Z
SuB SuB f f=f-WREG 1 1 C,DC,N,0V, Z
SuB f, WREG WREG = f- WREG 1 1 C,DC,N,0V, Z
SuB #it10, W Wn = Wn —1it10 1 1 C,DC,N,0V, zZ
SUB W, V&, Wi Wd = Wb - Ws 1 1 C,DC,N,0V, Z
SuB Wb, #lit5 Wl Wd = Wb - lits 1 1 C,DC,N, 0V, z
SUBB SUBB f f=f—WREG - (C) 1 1 C,DC,N, 0V, Z
SUBB f, WREG WREG = f - WREG — (C) 1 1 C,DC,N, 0V, Z
SUBB #it10, W Wn = Wn —it10 — (C) 1 1 C,DC,N, 0V, Z
SUBB W, V&, Wi Wd = Wb — Ws — (C) 1 1 C,DC,N, 0V, z
SUBB Wb, #lit5 Wi wd = Wb — lit5 — (C) 1 1 C,DC,N, 0V, zZ
SUBR SUBR f f=WREG -f 1 1 C,DC,N,0V, Z
SUBR f, WREG WREG = WREG - f 1 1 C,DC,N,0V, Z
SUBR W, V&, Wi Wd =Ws — Wb 1 1 C,DC,N,0V, zZ
SUBR W, #lit5, Wi Wd = 1it5 - Wb 1 1 C,DC,N,0V, zZ
SUBBR SUBBR f f=WREG-f—(C) 1 1 C,DC,N, 0V, z
SUBBR f, WREG WREG = WREG —f— (C) 1 1 C,DC,N, 0V, Z
SUBBR W, W, Wi Wd = Ws — Wb — (C) 1 1 C,DC,N, 0V, Z
SUBBR W, #lit5, Wi Wd = lit5 — Wb — (C) 1 1 C,DC,N, 0V, Z
SWAP SWAP. b Wh Wn = Nibble Swap Wn 1 1 None
SWAP Wh Whn = Byte Swap Wn 1 1 None

DS30010089D-page 496

© 2015-2016 Microchip Technology Inc.




PIC24FJ256GA412/GB412 FAMILY

64-Lead Plastic Thin Quad Flatpack (PT)-10x10x1 mm Body, 2.00 mm Footprint [TQFP]

Note:

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

Notes:

L |
DETAIL 1
Units MILLIMETERS

Dimension Limits|  MIN | Nom | MAX
Number of Leads N 64
Lead Pitch e 0.50 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.95 1.00 1.05
Standoff A1 0.05 - 0.15
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle ) 0° | 35 | 7°
Overall Width E 12.00 BSC
Overall Length D 12.00 BSC
Molded Package Width E1 10.00 BSC
Molded Package Length D1 10.00 BSC
Lead Thickness C 0.09 - 0.20
Lead Width b 0.17 0.22 0.27
Mold Draft Angle Top o 11° 12° 13°
Mold Draft Angle Bottom B 11° 12° 13°

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Chamfers at corners are optional; size may vary.
3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or

protrusions shall not exceed 0.25mm per side.

4. 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.
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