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DS39927C-page 22 © 2008-2011 Microchip Technology Inc.



PIC24F16KA102 FAMILY

REGISTER 3-2: CORCON: CPU CONTROL REGISTER

uU-0 U-0 U-0 U-0 U-0 uU-0 uU-0 u-0
bit 15 bit 8
uU-0 uU-0 uU-0 uU-0 R/C-0, HSC R/W-0 uU-0 u-0
— — — — IPL3M) PSV — —
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 15-4 Unimplemented: Read as ‘0’
bit 3 IPL3: CPU Interrupt Priority Level Status bit™®

1 = CPU interrupt priority level is greater than 7
0 = CPU interrupt priority level is 7 or less

bit 2 PSV: Program Space Visibility in Data Space Enable bit

1 = Program space is visible in data space
0 = Program space is not visible in data space

bit 1-0 Unimplemented: Read as ‘0’

Note 1: User interrupts are disabled when IPL3 = 1.

33 Arithmetic Logic Unit (ALU) The PIC24F CPU incorporates hardware support for
] ) ) ) both multiplication and division. This includes a

The PIC24F ALU is 16 bits wide and is capable of dedicated hardware multiplier and support hardware

addition, subtraction, bit shifts and logic operations. division for 16-bit divisor.

Unless otherwise mentioned, arithmetic operations are

2’s complement in nature. Depending on the operation, 3.3.1 MULTIPLIER

the ALU may affect the values of the Carry (C), Zero
(Z), Negative (N), Overflow (OV) and Digit Carry (DC)
Status bits in the SR register. The C and DC Status bits
operate as Borrow and Digit Borrow bits, respectively,
for subtraction operations. » 16-bit x 16-bit signed

* 16-bit x 16-bit unsigned

The ALU contains a high-speed, 17-bit x 17-bit
multiplier. It supports unsigned, signed or mixed sign
operation in several multiplication modes:

The ALU can perform 8-bit or 16-bit operations,

depending on the mode of the instruction that is used. * 16-bit signed x 5-bit (literal) unsigned
Data for the ALU operation can come from the W * 16-bit unsigned x 16-bit unsigned
register array, or data memory, depending on the + 16-bit unsigned x 5-bit (literal) unsigned
addressing mode of the instruction. Likewise, output « 16-bit unsigned x 16-bit signed

data from the ALU can be written to the W register array + 8-bit unsigned x 8-bit unsigned

or a data memory location.

© 2008-2011 Microchip Technology Inc. DS39927C-page 27
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TABLE 4-12: PORTA REGISTER MAP

File Addr | Bit15 Bit14 | Bit13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O All
Name Resets
TRISA 02C0 = = = = = = = = TRISA7® | TRISA6 = TRISA4 | TRISA3G:H) [ TRISA20) | TRISA1 | TRISAO | 00DF
PORTA 02C2 = = = = = _ _ _ RA7® RAB RA5 RA4®) RA3(:6) RA2() RA1® | RAOP | xxxx
LATA 02C4 = — — — = — — — LATA7® | LATA6 — LATA4 | LATA3GS) | LATA2O) | LATA1 LATAO | xxxx
ODCA 02C6 = — — — = — — — ODA7® | ODA6 — ODA4 | ODA3G9 | ODA2®) | ODA1 ODAO | 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1:  This bit is available only when MCLRE = 0.
2:  Aread of RA1 and RAO results in ‘0’ when debug is active on the PGC2/PGD2 pin.
3:  Aread of RA4 results in ‘0’ when debug is active on the PGC3/PGD3 pin.
4: These bits are not implemented in 20-pin devices.
5 These bits are available only when the primary oscillator is disabled (POSCMD<1:0> = 00); otherwise read as ‘0.
6 These bits are available only when the primary oscillator is disabled or EC mode is selected (POSCMD<1:0> = 00 or 11) and CLKO is disabled (OSCIOFNC = 0); otherwise read as ‘0’.
TABLE 4-13: PORTB REGISTER MAP
File | ngar| Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 All
Name Resets
TRISB |02C8| TRISB15 | TRISB14 | TRISB13 | TRISB12 |TRISB11®)|TRISB10®) | TRISB9 | TRISB8 | TRISB7 |TRISB6®) | TRISB5®)| TRISB4 | TRISB3®) | TRISB2 | TRISB1 | TRISBO | FFFF
PORTB|02CA| RB15 RB14 RB13 RB12 RB11® | RB10® RB9 RB8 RB7 RB6® | RB5® | RB4®@ RB3® RB2 RB1®M RBO®W | xxxx
LATB |02CC| LATB15 LATB14 LATB13 | LATB12 | LATB11® | LATB10®) | LATB9 | LATB8 | LATB7 | LATB6® | LATB5® | LATB4 | LATB3® | LATB2 LATB1 LATBO | xxxx
ODCB |02CE| ODB15 ODB14 ODB13 ODB12 ODB11 ODB10 ODB9 oDB8 ODB7 ODB6 ODB5 ODB4 ODB3 ODB2 ODB1 ODBO | 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1:  Aread of RB1 and RBO results in ‘0’ when debug is active on the PGEC1/PGED1 pins.
2:  Aread of RB4 results in ‘0’ when debug is active on the PGEC3/PGED3 pins.
3: PORTB bits, 11, 10, 6, 5 and 3, are not implemented in 20-pin devices.
TABLE 4-14: PAD CONFIGURATION REGISTER MAP
N';IrI:e Addr | Bit15 | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | All Resets
PADCFG1 | 02FC = = = = = = = = = = — | SMBUSDEL |OC1TRIS |RTSECSEL1|RTSECSELO| — 0000

Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

ATNANVA COTVA9TAVZOld
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TABLE 4-17: REAL-TIME CLOCK AND CALENDAR REGISTER MAP
File Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 All
Name Resets
ALRMVAL 0620 Alarm Value Register Window Based on ALRMPTR<15:0> XXXX
ALCFGRPT | 0622 | ALRMEN | CHIME | AMASK3 | AMASK2 | AMASK1 | AMASKO | ALRMPTR1 |ALRMPTRO| ARPT7 | ARPT6 | ARPT5 | ARPT4 | ARPT3 | ARPT2 | ARPT1 | ARPTO | 0000
RTCVAL 0624 RTCC Value Register Window Based on RTCPTR<15:0> XXXX
RCFGCAL | 0626 | RTCEN | — |[RTCWREN|RTCSYNC |HALFSEC| RTCOE | RTCPTR1 | RTCPTRO | CAL7 | cAL6 | CALs | cAL4 | cAL3 | cA2 | cAtt | cALo | oooo
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-18: DUAL COMPARATOR REGISTER MAP
File Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 All
Name Resets
CMSTAT | 0630 |CMSIDL| — = = = = C2EVT | C1EVT = = = = = = C20UT | C10UT | 0000
CVRCON | 0632 — — — — — — — — CVREN | CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVRO 0000
CM1CON | 0634 CON COE CPOL | CLPWR — — CEVT CouT EVPOL1 | EVPOLO — CREF — — CCH1 CCHO 0000
CM2CON | 0636 CON COE CPOL | CLPWR — — CEVT CouT EVPOL1 | EVPOLO — CREF — — CCH1 CCHO 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-19: CRC REGISTER MAP
File Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Al
Name Resets
CRCCON 0640 — — CSIDL |VWORD4 |VWORD3 |VWORD2 |VWORD1 |VWORDO | CRCFUL | CRCMPT — CRCGO | PLEN3 PLEN2 PLEN1 PLENO 0040
CRCXOR 0642 X<15:1> — 0000
CRCDAT 0644 CRC Data Input Register 0000
CRCWDAT | 0646 CRC Result Register 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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8.3 Interrupt Control and Status
Registers

The PIC24F16KA102 family of devices implements a
total of 22 registers for the interrupt controller:

* INTCON1

* INTCON2

» IFS0, IFS1, IFS3 and IFS4

+ IECO, IEC1, IEC3 and IEC4

» IPCO through IPC5, IPC7 and IPC15 through
IPC19

+ INTTREG

Global interrupt control functions are controlled from
INTCON1 and INTCON2. INTCON1 contains the
Interrupt Nesting Disable (NSTDIS) bit, as well as the
control and status flags for the processor trap sources.
The INTCONZ2 register controls the external interrupt
request signal behavior and the use of the AlV table.

The IFSx registers maintain all of the interrupt request
flags. Each source of interrupt has a status bit, which is
set by the respective peripherals, or external signal,
and is cleared via software.

The IECx registers maintain all of the interrupt enable
bits. These control bits are used to individually enable
interrupts from the peripherals or external signals.

The IPCx registers are used to set the interrupt priority
level for each source of interrupt. Each user interrupt
source can be assigned to one of eight priority levels.

The INTTREG register contains the associated inter-
rupt vector number and the new CPU interrupt priority
level, which are latched into the Vector Number
(VECNUM<6:0>) and the Interrupt Level (ILR<3:0>) bit
fields in the INTTREG register. The new interrupt
priority level is the priority of the pending interrupt.

The interrupt sources are assigned to the IFSx, IECx
and IPCx registers in the same sequence listed in
Table 8-2. For example, the INTO (External Interrupt 0)
is depicted as having a vector number and a natural
order priority of 0. Thus, the INTOIF status bit is found
in IFS0<0>, the INTOIE enable bit in IEC0<0> and the
INTOIP<2:0> priority bits in the first position of IPCO
(IPC0<2:0>).

Although they are not specifically part of the interrupt
control hardware, two of the CPU control registers
contain bits that control interrupt functionality. The ALU
STATUS register (SR) contains the IPL<2:0> bits
(SR<7:5>). These indicate the current CPU interrupt
priority level. The user may change the current CPU
priority level by writing to the IPL bits.

The CORCON register contains the IPL3 bit, which
together with IPL<2:0>, also indicates the current CPU
priority level. IPL3 is a read-only bit so that the trap
events cannot be masked by the user’s software.

All interrupt registers are described in Register 8-1
through Register 8-21, in the following sections.

DS39927C-page 66
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REGISTER 8-7: IFS3: INTERRUPT FLAG STATUS REGISTER 3

u-0 R/W-0, HS u-0 u-0 uU-0 uU-0 uU-0 u-0
— RTCIF — — — — — —
bit 15 bit 8
uU-0 uU-0 uU-0 uU-0 uU-0 U-0 U-0 U-0
bit 7 bit 0
Legend: HS = Hardware Settable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 Unimplemented: Read as ‘0’
bit 14 RTCIF: Real-Time Clock and Calendar Interrupt Flag Status bit

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

bit 13-0 Unimplemented: Read as ‘0’

© 2008-2011 Microchip Technology Inc. DS39927C-page 73
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REGISTER 8-12: IEC4: INTERRUPT ENABLE CONTROL REGISTER 4

u-0 u-0 R/W-0 u-0 u-0 u-0 U-0 R/W-0
— — CTMUIE — — — — HLVDIE
bit 15 bit 8
u-0 u-0 u-0 u-0 R/W-0 R/W-0 R/W-0 U-0
— — — — CRCIE U2ERIE U1ERIE —
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 15-14 Unimplemented: Read as ‘0’
bit 13 CTMUIE: CTMU Interrupt Enable bit

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

bit 12-9 Unimplemented: Read as ‘0’

bit 8 HLVDIE: High/Low-Voltage Detect Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 7-4 Unimplemented: Read as ‘0’

bit 3 CRCIE: CRC Generator Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 2 U2ERIE: UART2 Error Interrupt Enable bit
1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 1 UL1ERIE: UART1 Error Interrupt Enable bit

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

bit 0 Unimplemented: Read as ‘0’

DS39927C-page 78
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REGISTER 8-13:

IPCO: INTERRUPT PRIORITY CONTROL REGISTER O

U-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— T11P2 T1IP1 T11PO — ocC1IP2 OC1IP1 OC1IPO
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 u-0 R/W-1 R/W-0 R/W-0
— IC1IP2 IC11P1 IC1IPO — INTOIP2 INTOIP1 INTOIPO
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 T1IP<2:0>: Timer1 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 OC1IP<2:0>: Output Compare Channel 1 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 IC1IP<2:0>: Input Capture Channel 1 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 INTOIP<2:0>: External Interrupt O Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)

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

© 2008-2011 Microchip Technology Inc.
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REGISTER 8-20:

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 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 15-11 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’
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REGISTER 10-4: PMD2: PERIPHERAL MODULE DISABLE REGISTER 2

U-0 U-0 U-0 u-0 U-0 u-0 U-0 R/W-0
= = = = = = = 12C1MD
bit 15 bit 8
U-0 U-0 U-0 u-0 U-0 u-0 U-0 R/W-0
— — — — — — — OC1MD
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-9 Unimplemented: Read as ‘0’
bit 8 12C1MD: Input Capture 1 Module Disable bit

1 =Input Capture 1 module is disabled. All Input Capture registers are held in Reset and are not writable.
0 = Input Capture 1 module is writable

bit 7-1 Unimplemented: Read as ‘0’
bit 0 OC1MD: Input Compare 1 Module Disable bit
1 = Output Compare 1 module is disabled. All Output Compare registers are held in Reset and are not
writable.

0 = Output Compare 1 module is writable

© 2008-2011 Microchip Technology Inc. DS39927C-page 109
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15.3 Pulse-Width Modulation (PWM)
Mode

The following steps should be taken when configuring
the output compare module for PWM operation:

1. Set the PWM period by writing to the selected
Timer Period register (PRy).

2. Setthe PWM duty cycle by writing to the OC1RS
register.

3. Write the OC1R register with the initial duty
cycle.

4. Enable interrupts, if required, for the timer and
output compare modules. The output compare
interrupt is required for PWM Fault pin
utilization.

5. Configure the output compare module for one of
two PWM Operation modes by writing to the
Output Compare Mode bits, OCM<2:0>
(OC1CON<2:0>).

6. Set the TMRy prescale value and enable the
time base by setting TON (TxCON<15>) = 1.

EQUATION 15-1: CALCULATING THE PWM
PERIOD™M
PWM Period = [(PRy) + 1] * Tcy « (Timer Prescale Value)
where:
PWM Frequency = 1/[PWM Period]

Note 1: Basedon Tcy =2 * Tosc; Doze mode
and PLL are disabled.

Note: A PRy value of N will produce a PWM
period of N + 1 time base count cycles. For
example, a value of 7, written into the PRy
register, will yield a period consisting of
8 time base cycles.

Note:  The OC1R register should be initialized
before the output compare module is first
enabled. The OC1R register becomes a
read-only Duty Cycle register when the
module is operated in the PWM modes.
The value held in OC1R will become the
PWM duty cycle for the first PWM period.
The contents of the Output Compare 1
Secondary register, OC1RS, will not be
transferred into OC1R until a time base

period match occurs.

15.3.1 PWM PERIOD

The PWM period is specified by writing to PRy, the
Timer Period register. The PWM period can be
calculated using Equation 15-1.

15.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
OC1RS register. The OC1RS register can be written to
at any time, but the duty cycle value is not latched into
OC1R until a match between PRy and TMRy occurs
(i.e., the period is complete). This provides a double
buffer for the PWM duty cycle and is essential for
glitchless PWM operation. In PWM mode, OC1R is a
read-only register.

Some important boundary parameters of the PWM duty
cycle include:

« If the Output Compare 1 register, OC1R, is loaded
with 0000h, the OC1 pin will remain low (0% duty
cycle).

* If OC1R is greater than PRy (Timer Period
register), the pin will remain high (100% duty
cycle).

» If OC1R is equal to PRy, the OC1 pin will be low
for one time base count value and high for all
other count values.

See Example 15-1 for PWM mode timing details.
Table 15-1 provides an example of PWM frequencies
and resolutions for a device operating at 10 MIPS.

EQUATION 15-2: CALCULATION FOR MAXIMUM PWM RESOLUTION®)

Maximum PWM Resolution (bits) =

Fcy

FPwM e (Timer Prescale Value)

bits

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

log;o(2)
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REGISTER 17-3: [2C1MSK: 12C1 SLAVE MODE ADDRESS MASK REGISTER

u-0 u-0 u-0 u-0 u-0 u-0 R/W-0 R/W-0
— — — — — — AMSK9 AMSK38
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
AMSK7 AMSK6 AMSK5 AMSK4 AMSK3 AMSK2 AMSKA1 AMSKO
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 9-0 AMSK<9:0>: Mask for Address Bit x Select bits

1 = Enable masking for bit x of incoming message address; bit match is not required in this position
0 = Disable masking for bit x; bit match is required in this position

REGISTER 17-4: PADCFG1: PAD CONFIGURATION CONTROL REGISTER

U-0 u-0 U-0 u-0 u-0 U-0 U-0 u-0
bit 15 bit 8
U-0 u-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0
— — — SMBUSDEL | OC1TRIS®?? | RTSECSEL1(®) | RTSECSELO™3) —
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 15-5 Unimplemented: Read as ‘0’

bit 4 SMBUSDEL: SMBus SDA Input Delay Select bit
1 = The IC module is configured for a longer SMBus input delay (nominal 300 ns delay)
0 = The 12C module is configured for a legacy input delay (nominal 150 ns delay)

bit 0 Unimplemented: Read as ‘0’

Note 1: To enable the actual RTCC output, the RTCOE (RCFGCAL<10>) bit needs to be set.
2. To enable the actual OC1 output, the OCPWM1 module has to be enabled.
3. Bits<3:1> are described in related chapters.
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REGISTER 23-1: CMxCON: COMPARATOR x CONTROL REGISTERS (CONTINUED)

bit 5 Unimplemented: Read as ‘0’

bit 4 CREF: Comparator Reference Select bit (non-inverting input)
1 = Non-inverting input connects to the internal CVREF voltage
0 = Non-inverting input connects to the CxINA pin

bit 3-2 Unimplemented: Read as ‘0’

bit 1-0 CCH<1:0>: Comparator Channel Select bits

11 = Inverting input of comparator connects to VBG/2

10 = Inverting input of comparator connects to CxIND pin
01 = Inverting input of comparator connects to CxINC pin
00 = Inverting input of comparator connects to CxINB pin

REGISTER 23-2: CMSTAT: COMPARATOR MODULE STATUS REGISTER

R/W-0 uU-0 uU-0 uU-0 uU-0 u-0 R-0, HSC R-0, HSC
CMIDL — — — — — C2EVT C1EVT
bit 15 bit 8

uU-0 U-0 uU-0 uU-0 uU-0 uU-0 R-0, HSC R-0, HSC
— — — — — — C20UT C10uUT
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 CMIDL: Comparator Stop in Idle Mode bit

1 = Disable comparator interrupts when the device enters Idle mode; the module is still enabled
0 = Continue operation of all enabled comparators in Idle mode

bit 14-10 Unimplemented: Read as ‘0’

bit 9 C2EVT: Comparator 2 Event Status bit (read-only)

Shows the current event status of Comparator 2 (CM2CON<9>).
bit 8 C1EVT: Comparator 1 Event Status bit (read-only)

Shows the current event status of Comparator 1 (CM1CON<9>).
bit 7-2 Unimplemented: Read as ‘0’
bit 1 C20UT: Comparator 2 Output Status bit (read-only)

Shows the current output of Comparator 2 (CM2CON<8>).
bit 0 C10UT: Comparator 1 Output Status bit (read-only)

Shows the current output of Comparator 1 (CM1CON<8>).
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25.2

Time measurements on the pulse width can be similarly
performed using the A/D module’s internal capacitor
(CAD) and a precision resistor for current calibration.
Figure 25-2 displays the external connections used for
time measurements, and how the CTMU and A/D
modules are related in this application. This example
also shows both edge events coming from the external
CTED pins, but other configurations using internal
edge sources are possible.

Measuring Time

25.3

The CTMU module can also generate an output pulse
with edges that are not synchronous with the device’s
system clock. More specifically, it can generate a pulse
with a programmable delay from an edge event input to
the module.

Pulse Generation and Delay

When the module is configured for pulse generation
delay by setting the TGEN bit (CTMUCON<12>), the
internal current source is connected to the B input of
Comparator 2. A capacitor (CDELAY) is connected to
the Comparator 2 pin, C2INB, and the comparator
voltage reference, CVREF, is connected to C2INA.
CVREF is then configured for a specific trip point. The
module begins to charge CDELAY when an edge event
is detected. When CDELAY charges above the CVREF
trip point, a pulse is output on CTPLS. The length of the
pulse delay is determined by the value of CDELAY and
the CVREF trip point.

Figure 25-3 shows the external connections for pulse
generation, as well as the relationship of the different
analog modules required. While CTED1 is shown as
the input pulse source, other options are available. A
detailed discussion on pulse generation with the CTMU
module is provided in the “PIC24F Family Reference
Manual”.

FIGURE 25-2: TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR
TIME MEASUREMENT
PIC24F Device
. cMu
CTED1 gl—
I _>: EDG1 Current Source :
___ [ cTED2 X+ EDG2 I
Output Pulse
| ADConverter |
ANXx | e |
: CaD I :
| = |
RPR e !
FIGURE 25-3: TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR
PULSE DELAY GENERATION
PIC24F Device
. cTMU
_ Il ctept X——+» EDG1 =[] CTPLS

CDELAY

CZINBT L
1

Current Source

Comparator
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REGISTER 26-7: FICD: IN-CIRCUIT DEBUGGER CONFIGURATION REGISTER

R/P-1 U-0 U-0 U-0 U-0 U-0 R/P-1 R/P-1
DEBUG — — — — — FICD1 FICDO
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’ = Bitis cleared x = Bit is unknown
bit 7 DEBUG: Background Debugger Enable bit

1 = Background debugger is disabled
0 = Background debugger functions are enabled

bit 6-2 Unimplemented: Read as ‘0’
bit 1-0 FICD<1:0:> ICD Pin Select bits

11 = PGC1/PGD1 are used for programming and debugging the device
10 = PGC2/PGD2 are used for programming and debugging the device
01 = PGC3/PGD3 are used for programming and debugging the device
00 = Reserved; do not use
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TABLE 28-2: INSTRUCTION SET OVERVIEW (CONTINUED)
Mnemonie 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 #litld 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 f 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 W, #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 - [it10 1 1 C,DC,N, 0V, Z
SuB W, W, Wi Wd =Wb - Ws 1 1 C,DC,N, 0V, Z
SuB W, #lit5, Wi Wd = Wb - lit5 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, W, Wi Wd = Wb - Ws — (C) 1 1 C,DC,N,0V,Z
SUBB W, #lit5, Wi wd = Wb — lit5 — (C) 1 1 C,DC,N, 0V, z
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, Zz
SUBR W, V&, Wi Wd = Ws — Wb 1 1 C,DC,N,0V, zZ
SUBR W, #lit5, Wi Wd =it - Wb 1 1 C,DC,N, 0V, z
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
TBLRDH TBLRDH W, Wi Read Prog<23:16> to Wd<7:0> 1 2 None
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TABLE 29-26: COMPARATOR TIMINGS

Pzrgm Symbol Characteristic Min Typ Max Units Comments
300 |TResp |Response Time ™ — 150 400 ns
301 Tmc2ov Comparator*Mode Change to — — 10 us

Output Valid

* Parameters are characterized but not tested.

Note 1: Response time is measured with one comparator input at (VDD — 1.5)/2, while the other input transitions
from Vss to VDD.

TABLE 29-27: COMPARATOR VOLTAGE REFERENCE SETTLING TIME SPECIFICATIONS

P;a\lrc?m Symbol Characteristic Min Typ Max Units Comments
VR310 | TSET Settling Time® — — 10 us

Note 1. Settling time is measured while CVRR = 1 and CVR<3:0> bits transition from ‘0000’ to ‘1111".
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FIGURE 29-19: SPIx MODULE SLAVE MODE TIMING CHARACTERISTICS (CKE =0)
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TABLE 29-38: SPIx MODULE SLAVE MODE TIMING REQUIREMENTS (CKE = 0)

Standard Operating Conditions: 2.0V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature ~ -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

PaNr(z)am Symbol Characteristic Min Typ® Max Units Conditions
SP70 |TscL SCKXx Input Low Time 30 — — ns
SP71 |TscH SCKXx Input High Time 30 — — ns
SP72 |TscF SCKx Input Fall Time® — 10 25 ns
SP73 |[TscR SCKx Input Rise Time® — 10 25 ns
SP30 |TdoF SDOx Data Output Fall Time® — 10 25 ns
SP31 |TdoR SDOx Data Output Rise Time® — 10 25 ns
SP35 |TscH2doV, |SDOx Data Output Valid after — — 30 ns

TscL2doV |SCKx Edge
SP40 |TdiV2scH, |Setup Time of SDIx Data Input 20 — — ns

TdiV2scL |to SCKx Edge
SP41 |TscH2diL, [Hold Time of SDIx Data Input 20 — — ns

TscL2diL |to SCKx Edge
SP50 |[TssL2scH, [SSxto SCKx T or SCKx Input 120 — — ns

TssL2scL
SP51 |TssH2doZ |SSx 1 to SDOx Output High-Impedance®) 10 — 50 ns
SP52 | TscH2ssH |SSx after SCKx Edge 1.5 Tcy + 40 — — ns

TscL2ssH
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:  The minimum clock period for SCKx is 100 ns. Therefore, the clock generated in Master mode must not violate
this specification.
3:  Assumes 50 pF load on all SPIx pins.
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20-Lead Plastic Quad Flat, No Lead Package (MQ) - 5x5 mm Body [QFN]
With 0.40mm Contact Length

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

RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width W2 3.35
Optional Center Pad Length T2 3.35
Contact Pad Spacing C1 4.50
Contact Pad Spacing C2 4.50
Contact Pad Width (X20) X1 0.40
Contact Pad Length (X20) Y1 0.55
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2139A
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