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Note:  This family reference manual section is meant to serve as a complement to device
data sheets. Depending on the device variant, this manual section may not apply to
all dsPIC33/PIC24 devices. Please consult the note at the beginning of the chapter
in the specific device data sheet to check whether this document supports the
device you are using.

Device data sheets and family reference manual sections are available for
download from the Microchip Worldwide Web site at: http://www.microchip.com.

1.0 INTRODUCTION

The dsPIC33/PIC24 12-Bit High-Speed, Multiple SARs Analog-to-Digital Converter (ADC)
includes the following features:
» Multiple ADC Cores:

- Multiple single channel dedicated ADC cores (depending on the specific device
implementation)

- One shared (common) ADC core
» Configurable 6, 8, 10 or 12-Bit Resolution for each ADC Core
» Up to 3.25 Msps Conversion Rate per Channel for 12-Bit Resolution
» Up to 32 Analog Input Sources (depending on the specific device implementation)
» Single-Ended or Pseudodifferential Inputs on a per Channel Basis for All Channels

» Conversion Result can be Formatted as Unsigned or Signed Data on a per Channel Basis
for All Channels

» Separate 16-Bit Conversion Result Register for each Analog Input

 Early Interrupt Generation to enable Fast Processing of Converted Data

» Multiple Integrated Digital Comparators (depending on the specific device implementation):
- Multiple comparison options
- Assignable to specific analog inputs

» Multiple Oversampling Filters (depending on the specific device implementation):
- Provides increased resolution
- Assignable to a specific analog input

» Operation during CPU Sleep and Idle modes

» Hardware Capacitive Voltage Divider (CVD) to Measure Capacitance Connected to
the Input

Simplified block diagrams of the Multiple SARs 12-Bit ADC are illustrated in Figure 1-1,
Figure 1-2 and Figure 1-3.

The module consists of a few independent SAR ADC cores. The analog inputs (channels) are
connected through multiplexers and switches to the Sample-and-Hold (S/H) circuit of each ADC
core. The core uses the channel information (output format, Measurement mode and input
number) to process the analog sample. When conversion is complete, the result is stored in the
result buffer for the specific analog input, and passed to the digital filter and digital comparator if
they were configured to use data from this particular channel.
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12-Bit High-Speed, Multiple SARs A/D Converter (ADC)

Figure 1-1: 12-Bit High-Speed, Multiple SARs ADC Block Diagram
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Figure 1-2: Dedicated ADC Core
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12-Bit High-Speed, Multiple SARs A/D Converter (ADC)

2.0 REGISTERS

The Special Function Registers (SFRs) of the 12-Bit High-Speed, Multiple SARs ADC module
are divided into two groups: control registers and data registers. A complete list of all SFRs
implemented by the ADC is provided in Table 8-1.

2.1 Control Registers

The ADCON1L register (Register 2-1) contains bits to enable the module, define the module
behavior in Idle mode and enable the CVD feature.

The ADCON1H register (Register 2-2) controls the output data format and the shared ADC core
resolution.

The ADCONZ2L register (Register 2-3) controls the clock divider and early interrupt timing
selection for the shared ADC core. It has bits to enable the common interrupt for the events
related to the voltage reference and a bit to enable an early interrupt feature for the individual
input channels.

The ADCONZ2H register (Register 2-4) controls the sampling time for the shared ADC core. It
also provides the status bits, which indicate that the module voltage reference is ready for
operation. This register allows adjusting the internal capacitance value for the CVD feature.

The ADCONB3L register (Register 2-5) selects the voltage reference for all ADC cores and
controls common, level and single-shot software triggers. Also, it has control bits to suspend all
triggers for the module.

The ADCONB3H register (Register 2-6) has bits to enable all ADC cores and select a clock source
for the module. Also, this register controls the module clock source divider.

The ADCONA4L register (Register 2-7) allows enabling a delay between trigger and conversion
for the dedicated ADC cores, and triggers synchronization.

The ADCON4H register (Register 2-8) selects channels for the dedicated ADC cores.
The ADCONSL register (Register 2-9) controls power for all ADC cores.

The ADCONS5H register (Register 2-10) has bits to enable a common interrupt for each ADC core
when it is powered on and ready for operation. Also in this register, the power-on delay is
specified for all ADC cores.

The ADCORENL (where ‘n’ is a dedicated ADC core number) registers (Register 2-11) define a
delay between trigger and conversion for each dedicated ADC core.

The ADCORENH (where ‘n’ is a dedicated ADC core number) registers (Register 2-12) define
resolution, early interrupt time selection and the ADC core clock divider for each dedicated ADC core.

The ADLVLTRGL and ADLVLTRGH registers (Register 2-13 and Register 2-14) have bits to
select either the level-sensitive trigger or the edge-sensitive trigger for each input channel.

The ADEIEL and ADEIEH registers (Register 2-15 and Register 2-16) have bits to enable the
early interrupts generation for each input channel.

The ADEISTATL and ADEISTATH registers (Register 2-17 and Register 2-18) contain the early
interrupts status flags for each input channel.

The ADMODOL, ADMODOH, ADMOD1L and ADMOD1H registers (Register 2-19 through
Register 2-22) have bits to enable the Pseudodifferential mode and signed output data format for
each input channel.

The ADIEL and ADIEH registers (Register 2-23 and Register 2-24) have bits to enable the
individual and common interrupts for each input channel.

The ADSTATL and ADSTATH registers (Register 2-25 and Register 2-26) contain the data ready
flags for each input channel.

The ADTRIGnL and ADTRIGnH registers (Register 2-27) define a trigger source for each input
channel.

The ADCALOL, ADCALOH, ADCAL1L and ADCAL1H registers (Register 2-28 through
Register 2-31) control the calibration for each ADC core. The calibration is not required for some
devices. Refer to the specific device data sheet to see if these registers are implemented.
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The ADCMPRNCON registers (Register 2-32) control the operation of the digital comparators,
including the generation of the interrupts and the comparison criteria to be used. These registers
also provide the status when a comparator event occurs. One register is provided for each digital
comparator.

The ADCMPnENL and ADCMPRENH registers (Register 2-33 and Register 2-34) select which
of the analog input conversion results are to be processed by the digital comparator. One pair
(L and H) is provided for each digital comparator.

The ADFLNnCON registers (Register 2-35) control the operation of the oversampling filters and
provide status bits for the filters’ operation. One register is provided for each oversampling filter.
The ADCSSL and ADCSSH registers (Register 2-36 and Register 2-37) select which of the
analog inputs are to be scanned/processed by the CVD.

2.2 Data Registers

The ADCBUFx registers store the output data of the Analog-to-Digital conversion. In general,
there is one register provided for each of the implemented analog channels; each channel will
have a corresponding numbered ADCBUFx register. Although the registers are 16 bits wide, the
usage of the registers for storing the 12-bit conversion results is determined by the selected data
output format. See Section 4.10 “Conversion Result” for more information.

The ADCMPNnLO and ADCMPnHI registers store the 16-bit high and low digital comparison
values for use by the digital comparators. One pair (HI and LO) is provided for each ADC
comparator.

The ADFLnDAT registers contain the 16-bit output data from the oversampling filters. There is
one register for each oversampling filter.

The ADCVDDAT register contains the 16-bit output data from the Capacitive Voltage Divider
(CVD). This register may not be implemented on some devices. Refer to the specific device data
sheet to see if the CVD feature is implemented on the device.
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12-Bit High-Speed, Multiple SARs A/D Converter (ADC)

Register 2-1: ADCONIL: ADC Control Register 1 Low

R/W-0 u-0 R/W-0 uU-0 R/W-0 uU-0 uU-0 u-0
ADON®) — ADSIDL — CVDEN® — — —
bit 15 bit 8
R/W-0 uU-0 U-0 uU-0 u-0 uU-0 uU-0 u-0
NRE®) — — — — — — —
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 ADON: ADC Enable bit™®)
1 = ADC module is enabled
0 = ADC module is off
bit 14 Unimplemented: Read as ‘0’
bit 13 ADSIDL: ADC Stop in Idle Mode bit
1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode
bit 12 Unimplemented: Read as ‘0’
bit 11 CVDEN: CVD Enable bit(
1 =CVD is enabled
0 = CCD is off
bit 10-8 Unimplemented: Read as ‘0’
bit 7 NRE: Noise Reduction Enable bit(®)
1 = Holds conversion process for 1 TADCORE when another core completes conversion to reduce noise
between cores
0 = Noise Reduction feature is disabled
bit 6-0 Unimplemented: Read as ‘0’
Note 1: Setthe ADON bit only after the ADC module has been configured. Changing ADC Configuration bits when

ADON = 1 will result in unpredictable behavior.

2.  The CVD feature is not available on all devices and the CVDEN bit may not be implemented. Refer to the
device data sheet for more information.
3:  The Noise Reduction feature is not available on all devices and the NRE bit may not be implemented.
Refer to the device data sheet for more information.
© 2014-2017 Microchip Technology Inc. DS70005213F-page 7
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Register 2-2: ADCONI1H: ADC Control Register 1 High

r-0 r-0 r-0 r-0 r-0 r-0 r-0 r-0
bit 15 bit 8
R/W-0 R/W-1 R/W-1 r-0 r-0 r-0 r-0 r-0
FORM SHRRES1 SHRRESO — — — — —
bit 7 bit 0
Legend: r = Reserved 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 15-8 Reserved: Must be written as ‘0’
bit 7 FORM: Fractional Data Output Format bit
1 = Fractional
0 = Integer
bit 6-5 SHRRES<1:0>: Shared ADC Core Resolution Selection bits

11 = 12-bit resolution
10 = 10-bit resolution
01 = 8-bit resolution
00 = 6-bit resolution

bit 4-0 Reserved: Must be written as ‘0’
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12-Bit High-Speed, Multiple SARs A/D Converter (ADC)

Register 2-3: ADCON2L: ADC Control Register 2 Low

R/W-0 R/W-0 r-0 R/W-0 r-0 R/W-0 R/W-0 R/W-0
REFCIE |REFERCIE® — EIEN — SHREISEL2W | SHREISEL1® | SHREISELOW
bit 15 bit 8
u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— SHRADCS6 | SHRADCS5 | SHRADCS4 | SHRADCS3 | SHRADCS2 | SHRADCS1 | SHRADCSO0
bit 7 bit 0
Legend: r = Reserved 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 REFCIE: Band Gap and Reference Voltages Ready Common Interrupt Enable bit

1 = Common interrupt will be generated when band gap and reference voltage are ready
0 = Common interrupt is disabled for band gap and reference voltage ready event
bit 14 REFERCIE: Band Gap and Reference Voltages Error Common Interrupt Enable bit(®
1 = Common interrupt will be generated when band gap or reference voltage error is detected
0 = Common interrupt is disabled for band gap and reference voltages error event
bit 13 Reserved: Must be written as ‘0’
bit 12 EIEN: Early Interrupts Enable bit
1 = The early interrupt feature is enabled for the input channel interrupts (when the EISTATx flag is set)
0 = The individual interrupts are generated when the conversion is done (when the ANxRDY flag is set)
bit 11 Reserved: Must be written as ‘0’
bit 10-8 SHREISEL<2:0>: Shared Core Early Interrupt Time Selection bits™®)
111 = Early interrupt is generated 8 TADCORE clocks prior to when the data is ready
110 = Early interrupt is generated 7 TADCORE clocks prior to when the data is ready
101 = Early interrupt is generated 6 TADCORE clocks prior to when the data is ready
100 = Early interrupt is generated 5 TADCORE clocks prior to when the data is ready
011 = Early interrupt is generated 4 TADCORE clocks prior to when the data is ready
010 = Early interrupt is generated 3 TADCORE clocks prior to when the data is ready
001 = Early interrupt is generated 2 TADCORE clocks prior to when the data is ready
000 = Early interrupt is generated 1 TADCORE clock prior to when the data is ready

bit 7 Unimplemented: Read as ‘0’

bit 6-0 SHRADCS<6:0>: Shared ADC Core Input Clock Divider bits
These bits determine the number of TCORESRC (Source Clock Periods) for one shared TADCORE (Core
Clock Period).

1111111 = 254 source clock periods

0000011 = 6 source clock periods
0000010 = 4 source clock periods
0000001 = 2 source clock periods
0000000 = 2 source clock periods

Note 1: For the 6-bit shared ADC core resolution (SHRRES<1:0> = 00), the SHREISEL<2:0> settings, from
‘100’ to ‘111’, are not valid and should not be used. For the 8-bit shared ADC core resolution
(SHRRES<1:0> = 01), the SHREISEL<2:0> settings, 110’ and ‘111’, are not valid and should not be used.

2: To avoid false interrupts, the REFERCIE bit must be set only after the module is enabled (ADON = 1).

© 2014-2017 Microchip Technology Inc. DS70005213F-page 9
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Register 2-4: ADCON2H: ADC Control Register 2 High

R/HS/HC-0 R/HS/HC-0 r-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
REFRDY REFERR — cvbcArP2®) | cvbcAP1® [ cvDCAPOW | SHRSAMCO | SHRSAMCS
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
SHRSAMC7 | SHRSAMC6 | SHRSAMC5 | SHRSAMC4 | SHRSAMC3 | SHRSAMC2 | SHRSAMC1 | SHRSAMCO
bit 7 bit 0
Legend: HC = Hardware Clearable bit HS = Hardware Settable bit r = Reserved 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 REFRDY: Band Gap and Reference Voltages Ready Flag bit

1 = Band gap and reference voltages are ready
0 = Band gap and reference voltages are not ready

bit 14 REFERR: Band Gap or Reference Voltage Error Flag bit

1 = Band gap or reference voltage was interrupted after the ADC module was enabled (ADON = 1)
0 = No band gap or reference voltage error was detected

bit 13 Reserved: Must be written as ‘0’
bit 12-10 CVDCAP<2:0>: CVD Additional Capacitance Selection bits(®)

This capacitance is added to the shared core Sample-and-Hold Capacitance (CHoOLD) when CVD is
enabled.
111 =7*25pF=175pF
110=6*2.5pF =15 pF
101 =5*2.5pF =12.5 pF
100 =4 *2.5pF =10 pF
011=3*25pF=7.5pF
010=2*25pF =5pF
001=1*25pF=25pF
000=0*2.5pF =0pF
bit 9-0 SHRSAMC<2:0>: Shared ADC Core Sample Time Selection bits

These bits specify the number of shared Core Clock Periods (TADCORE) for the shared ADC core
sample time.
1111111111 = 1025 TADCORE

.
.

.

0000000001 = 3 TADCORE
0000000000 = 2 TADCORE

Note 1: The CVD feature is not available on all devices and the CVDCAP<2:0> bits may not be implemented. Refer
to the device data sheet for more information.
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12-Bit High-Speed, Multiple SARs A/D Converter (ADC)

Register 2-5: ADCONS3L: ADC Control Register 3 Low

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/HS/HC-0 R/W-0 R/W/HC-0
REFSEL2W | REFSEL1® | REFSELO®) | SUSPEND | SUSPCIE | SUSPRDY | SHRSAMP | CNVRTCH
bit 15 bit 8

R/W-0 R/W/HC-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SWLCTRG | SWCTRG | CNVCHSEL5 | CNVCHSEL4 | CNVCHSEL3 | CNVCHSEL2 |[CNVCHSEL1|CNVCHSELO
bit 7 bit 0
Legend: HC = Hardware Clearable bit HS = Hardware Settable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-13 REFSEL<2:0>: ADC Reference Voltage Selection bits®)
bit 12 SUSPEND: All ADC Cores Triggers Disable bit
1 = All new trigger events for all ADC cores are disabled
0 = All ADC cores can be triggered
bit 11 SUSPCIE: Suspend All ADC Cores Common Interrupt Enable bit

1 = Common interrupt will be generated when ADC cores triggers are suspended (SUSPEND bit = 1)
and all previous conversions are finished (SUSPRDY bit becomes set)
0 = Common interrupt is not generated for suspend ADC cores event

bit 10 SUSPRDY: All ADC Cores Suspended Flag bit
1 = All ADC cores are suspended (SUSPEND bit = 1) and have no conversions in progress
0 = ADC cores have previous conversions in progress

bit 9 SHRSAMP: Shared ADC Core Sampling Direct Control bit

This bit should be used with the individual channel conversion trigger controlled by the CNVRTCH bit. It
connects an analog input specified by the CNVCHSEL<5:0> bits to the shared ADC core and allows
extending the sampling time. This bit is not controlled by hardware and must be cleared before the
conversion starts (setting CNVRTCH to ‘1’).

1 = Shared ADC core samples an analog input specified by the CNVCHSEL<5:0> bits

0 = Sampling is controlled by the shared ADC core hardware

bit 8 CNVRTCH: Software Individual Channel Conversion Trigger bit
1 = Single trigger is generated for an analog input specified by the CNVCHSEL<5:0> bits; when the bit
is set, it is automatically cleared by hardware on the next instruction cycle
0 = Next individual channel conversion trigger can be generated
bit 7 SWLCTRG: Software Level-Sensitive Common Trigger bit
1 = Triggers are continuously generated for all channels when the software level-sensitive common
trigger is selected as a source in the ADTRIGnL and ADTRIGnH registers
0 = No software level-sensitive common triggers are generated
bit 6 SWCTRG: Software Common Trigger bit
1 = Single trigger is generated for all channels when the software common trigger is selected as a source
in the ADTRIGnL and ADTRIGnH registers; when the bit is set, it is automatically cleared by
hardware on the next instruction cycle
0 = Ready to generate the next software common trigger
bit 5-0 CNVCHSEL<5:0>: Channel Number Selection for Software Individual Channel Conversion Trigger bits
These bits define a channel to be converted when the CNVRTCH bit is set.

Note 1: Refer to the specific device data sheet for the available reference voltage source options.

© 2014-2017 Microchip Technology Inc. DS70005213F-page 11



dsPIC33/PIC24 Family Reference Manual

Register 2-6: ADCONS3H: ADC Control Register 3 High

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CLKSEL1® | cLKSELOW | CLKDIV5 CLKDIV4 CLKDIV3 CLKDIV2 CLKDIV1 CLKDIVO
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

SHREN C6EN®@ C5EN®@ C4EN®@ C3EN®@ C2EN®@ C1EN®@ COEN®@
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 15-14  CLKSEL<1:0>: ADC Module Clock Source Selection bits®)

bit 13-8 CLKDIV<5:0>: ADC Module Clock Source Divider bits
The divider forms a TCORESRC clock used by all ADC cores (shared and dedicated) from the TSRC ADC
module clock source selected by the CLKSEL<1:0> bits. Then, each ADC core individually divides the
TCORESRC clock to get a core-specific TADCORE clock, using the ADCS<6:0> bits in the ADCOREnH
register, or the SHRADCS<6:0> bits in the ADCONZ2L register.
111111 = 64 source clock periods

000011 = 4 source clock periods
000010 = 3 source clock periods
000001 = 2 source clock periods
000000 = 1 source clock period

bit 7 SHREN: Shared ADC Core Enable bit
This bit does not disable the core clock and analog bias circuitry.
1 = Shared ADC core is enabled
0 = Shared ADC core is disabled

bit 6-0 C6EN:COEN: Dedicated ADC Core x Enable bits(@
This bit does not disable the core clock and analog bias circuitry.
1 = Dedicated ADC Core x is enabled
0 = Dedicated ADC Core x is disabled

Note 1: Refer to the specific device data sheet for the available ADC module clock source options.

2. The number of the available dedicated ADC cores is device-specific and some CxEN bits may not be
implemented. Refer to the device data sheet for more information.
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12-Bit High-Speed, Multiple SARs A/D Converter (ADC)

Register 2-7: ADCONA4L: ADC Control Register 4 Low

U-0 r-0 r-0 r-0 r-0 r-0 r-0 r-0
bit 15 bit 8
U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— SAMC6EN® | SAMC5EN® | SAMC4EN® | SAMC3EN® | SAMC2EN® | SAMC1EN® | SAMCOEN()
bit 7 bit 0
Legend: r = Reserved 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 Reserved: Must be written as ‘0’
bit 7 Unimplemented: Read as ‘0’
bit 6-0 SAMC6EN: SAMCOEN: Dedicated ADC Core x Conversion Delay Enable bits™)

1 = After the trigger, the conversion will be delayed and the ADC core will continue sampling during the
time specified by the SAMC<9:0> bits in the ADCORERNL register

0 = After the trigger, the sampling will be stopped immediately and the conversion will be started on the
next core clock cycle

Note 1: The number of available dedicated ADC cores is device-specific and some SAMCXEN bits may not be
implemented. Refer to the device data sheet for more information.
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Register 2-8: ADCONA4H: ADC Control Register 4 High

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — c6CcHS1® | cecHsoW | cscHS1® | cscHSoW | cacHS1® | cacHsoW

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

C3CHS1M | c3cHso® | c2cHS1D | cacHso® | c1cHS1® | c1cHsoW | cocHs1® | cocHso®W

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 13-12 C6CHS<1:0>: Dedicated ADC Core 6 Input Channel Selection bits(!)
bit 11-10 C5CHS<1:0>: Dedicated ADC Core 5 Input Channel Selection bits(1)

bit 9-8 C4CHS<1:0>: Dedicated ADC Core 4 Input Channel Selection bits(1)
bit 7-6 C3CHS<1:0>: Dedicated ADC Core 3 Input Channel Selection bits(!)
bit 5-4 C2CHS<1:0>: Dedicated ADC Core 2 Input Channel Selection bits(1)
bit 3-2 C1CHS<1:0>: Dedicated ADC Core 1 Input Channel Selection bits(1)
bit 1-0 COCHS<1:0>: Dedicated ADC Core 0 Input Channel Selection bits(!)

Note 1. The number of available dedicated ADC cores and input channel options for each ADC core are device-
specific. Some CxCHS<1:0> bits may not be implemented. Refer to the device data sheet for the available
ADC cores and their input channel options.
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12-Bit High-Speed, Multiple SARs A/D Converter (ADC)

Register 2-9: ADCONS5L: ADC Control Register 5 Low

R/HC/HS-0 R/MHC/HS-0 R/MHC/MHS-0 R/HC/HS-0 R/MC/MHS-0 R/MHCHS-0 R/MHCHS-0 R/HC/HS-0
SHRRDY | csRDYW C5RDYW C4RDYW c3rDYD | c2rDY® | c1rRDY® | corDY®
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
SHRPWR | c6PWRW | csPwWR® | c4PwrR® | c3pwr® | c2Ppwr® | c1PwrR® | copwR®W
bit 7 bit 0

Legend: HC = Hardware Clearable bit HS = Hardware Settable bit

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 SHRRDY: Shared ADC Core Ready Flag bit

1 = ADC core is powered and ready for operation
0 = ADC core is not ready for operation

bit 14-8 C6RDY:CORDY: Dedicated ADC Core x Ready Flag bits®)
1 = ADC core is powered and ready for operation
0 = ADC core is not ready for operation

bit 7 SHRPWR: Shared ADC Core Power Enable bit

1 = ADC core is powered
0 = ADC core is off

bit 6-0 C6PWR:COPWR: Dedicated ADC Core x Power Enable bits(!)

1 = ADC core is powered
0 = ADC core is off

Note 1: The number of available dedicated ADC cores is device-specific. Some CxRDY and CxPWR bits may not
be implemented. Refer to the device data sheet for the available ADC cores.
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Register 2-10: ADCONS5H: ADC Control Register 5 High

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

— — — — WARMTIME3 | WARMTIME2 | WARMTIME1 | WARMTIMEOQO
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
SHRCIE | ceCIE® | c5CIED c4cle® c3cIlE® c2cie® c1cIE® coclg®

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 15-12 Unimplemented: Read as ‘0’
bit 11-8 WARMTIME<3:0>: ADC Cores Power-up Delay bits
These bits determine the power-up delay in the number of the Core Clock Source periods (TCORESRC) for
all ADC cores.
1111 = 32768 source clock periods
1110 = 16384 source clock periods
1101 = 8192 source clock periods
1100 = 4096 source clock periods
1011 = 2048 source clock periods
1010 = 1024 source clock periods
1001 = 512 source clock periods
1000 = 256 source clock periods
0111 = 128 source clock periods
0110 = 64 source clock periods
0101 = 32 source clock periods
0000-0100 = 16 source clock periods

bit 7 SHRCIE: Shared ADC Core Ready Common Interrupt Enable bit
1 = Common interrupt will be generated when the ADC core is powered and ready for operation
0 = Common interrupt is disabled for the ADC core ready event

bit 6-0 C6CIE:COCIE: Dedicated ADC Core x Ready Common Interrupt Enable bits()

1 = Common interrupt will be generated when the ADC core is powered and ready for operation
0 = Common interrupt is disabled for the ADC core ready event

Note 1: The number of available dedicated ADC cores is device-specific. Some CxCIE bits may not be
implemented. Refer to the device data sheet for the available ADC cores.
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12-Bit High-Speed, Multiple SARs A/D Converter (ADC)

Register 2-11: ADCORENL: Dedicated ADC Core n Control Register Low®

U-0 uU-0 U-0 u-0 U-0 U-0 R/W-0 R/W-0
— — — — — — SAMC<9:8>
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
SAMC<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 15-10 Unimplemented: Read as ‘0’

bit 9-0 SAMC<9:0>: Dedicated ADC Core n Conversion Delay Selection bits
These bits determine the time between the trigger event and the start of conversion in the number of the
Core Clock periods (TADCORE). During this time, the ADC core continues sampling. This feature is
enabled by the SAMCXEN bits in the ADCONA4L register.
1111111111 = 1025 TADCORE

0000000001 = 3 TADCORE
0000000000 = 2 TADCORE

Note 1: The number of available dedicated ADC cores is device-specific. Refer to the device data sheet for the
available ADC cores.
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Register 2-12:  ADCORENH: Dedicated ADC Core n Control Register High(®

u-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1
— — — EISEL2® | EISEL1® | EISELO® RES1 RESO
bit 15 bit 8
u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— ADCS6 ADCS5 ADCS4 ADCS3 ADCS2 ADCS1 ADCSO0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-13 Unimplemented: Read as ‘0’
bit 12-10 EISEL<2:0>: ADC Core n Early Interrupt Time Selection bits®)
111 = Early interrupt is generated 8 TADCORE clocks prior to when the data is ready
110 = Early interrupt is generated 7 TADCORE clocks prior to when the data is ready
101 = Early interrupt is generated 6 TADCORE clocks prior to when the data is ready
100 = Early interrupt is generated 5 TADCORE clocks prior to when the data is ready
011 = Early interrupt is generated 4 TADCORE clocks prior to when the data is ready
010 = Early interrupt is generated 3 TADCORE clocks prior to when the data is ready
001 = Early interrupt is generated 2 TADCORE clocks prior to when the data is ready
000 = Early interrupt is generated 1 TADCORE clock prior to when the data is ready
bit 9-8 RES<1:0>: ADC Core n Resolution Selection bits
11 = 12-bit resolution
10 = 10-bit resolution
01 = 8-bit resolution
00 = 6-bit resolution
bit 7 Unimplemented: Read as ‘0’
bit 6-0 ADCS<6:0>: ADC Core x Input Clock Divider bits
These bits determine the number of Core Clock Source periods (TCORESRC) for one Core Clock period
(TADCORE).
1111111 = 254 source clock periods
0000011 = 6 source clock periods
0000010 = 4 source clock periods
0000001 = 2 source clock periods
0000000 = 2 source clock periods
Note 1. The number of available dedicated ADC cores is device-specific. Refer to the device data sheet for the

available ADC cores.

2:  For the 6-bit ADC core resolution (RES<1:0> = 00), the EISEL<2:0> settings, from ‘100’ to ‘111’, are not
valid and should not be used. For the 8-bit ADC core resolution (RES<1:0> = 01), the EISEL<2:0>

settings, ‘110’ and ‘111’, are not valid and should not be used.
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12-Bit High-Speed, Multiple SARs A/D Converter (ADC)

Register 2-13: ADLVLTRGL: ADC Level-Sensitive Trigger Control Register Low

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1
LVLEN<15:8>(1)
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
LVLEN<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 LVLEN<15:0>: Level Trigger Enable bits(?)

1 = Input channel trigger is level-sensitive
0 = Input channel trigger is edge-sensitive

Note 1: The number of available ADC channels is device-specific. Some LVLENX bits may not be implemented.
Refer to the device data sheet for the available ADC cores and their input channel options.

Register 2-14: ADLVLTRGH: ADC Level-Sensitive Trigger Control Register High

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1
LVLEN<31:24>(1)
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
LVLEN<23:16>(1)
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 LVLEN<31:16>: Level Trigger Enable bits(H)

1 = Input channel trigger is level-sensitive
0 = Input channel trigger is edge-sensitive

Note 1: The number of available ADC channels is device-specific. Some LVLENX bits may not be implemented.
Refer to the device data sheet for the available ADC cores and their input channel options.
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Register 2-15:  ADEIEL: ADC Early Interrupt Enable Register Low

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EIE<15:8>(1)
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
EIE<7:0>(1)
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 EIE<15:0>: Early Interrupt Enable for Corresponding Analog Inputs bits(%)

1 = Early interrupt is enabled for the channel
0 = Early interrupt is disabled for the channel

Note 1: The available channels are device-specific. Some EIEx bits may not be implemented. Refer to the device
data sheet for the available channel information.

Register 2-16: ADEIEH: ADC Early Interrupt Enable Register High

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EIE<31:24>(1)
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
EIE<23:16>(1)
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 EIE<31:16>: Early Interrupt Enable for Corresponding Analog Inputs bits()

1 = Early interrupt is enabled for the channel
0 = Early interrupt is disabled for the channel

Note 1: The available channels are device-specific. Some EIEx bits may not be implemented. Refer to the device
data sheet for the available channel information.
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12-Bit High-Speed, Multiple SARs A/D Converter (ADC)

Register 2-17:  ADEISTATL: ADC Early Interrupt Status Register Low

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EISTAT<15:8>(1
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
EISTAT<7:0>(1)
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 EISTAT<15:0>: Early Interrupt Status for Corresponding Analog Inputs bits(?)

1 = Early interrupt was generated
0 = Early interrupt was not generated since the last ADCBUFx read

Note 1: The available channels are device-specific. Some EISTATx bits may not be implemented. Refer to the
device data sheet for the available channel information.

Register 2-18:  ADEISTATH: ADC Early Interrupt Status Register High

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EISTAT<31:24>(1)
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
EISTAT<23:16>(1)
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 EISTAT<31:16>: Early Interrupt Status for Corresponding Analog Inputs bits(H)

1 = Early interrupt was generated
0 = Early interrupt was not generated since the last ADCBUFx read

Note 1: The available channels are device-specific. Some EISTATx bits may not be implemented. Refer to the
device data sheet for the available channel information.
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Register 2-19:  ADMODOL: ADC Input Mode Control Register 0 Low

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DIFF7) SIGN7W DIFF6() SIGNeW DIFF5() SIGN5W) DIFF4(1) SIGN4W)
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
DIFF3®) SIGN3W DIFF2(®) SIGN2W DIFF1®) SIGN1®) DIFFO® SIGNoW
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 (odd) DIFF<7:0>: Differential-Mode for Corresponding Analog Inputs bits™®)
1 = Channel is differential
0 = Channel is single-ended

bit (even) SIGN<7:0>: Output Data Sign for Corresponding Analog Inputs bits()

1 = Channel output data is signed
0 = Channel output data is unsigned

Note 1: The available input channels are device-specific. Some channels may not be implemented. Also, not all
channels may support the Differential-mode. Refer to the device data sheet for the available SIGNx and
DIFFx bits.

Register 2-20: ADMODOH: ADC Input Mode Control Register 0 High

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DIFF15® | sicN15® | DIFF14® | sigN14® DIFF13M SIGN13®) DIFF12(1) SIGN12()
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
DIFF11® | sIGN11® | pIFF10® | sIGN10®) DIFF9®) SIGN9W) DIFF8(®) SIGN8®)
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 (odd) DIFF<15:8>: Differential-Mode for Corresponding Analog Inputs bits(?)
1 = Channel is differential
0 = Channel is single-ended

bit (even) SIGN<15:8>: Output Data Sign for Corresponding Analog Inputs bits()

1 = Channel output data is signed
0 = Channel output data is unsigned

Note 1: The available input channels are device-specific. Some channels may not be implemented. Also, not all
channels may support the Differential-mode. Refer to the device data sheet for the available SIGNx and
DIFFx bits.
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12-Bit High-Speed, Multiple SARs A/D Converter (ADC)

Register 2-21:  ADMODI1L: ADC Input Mode Control Register 1 Low

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DIFF23® | sigN23@® | DIFF22® | sigN22(W DIFF21() SIGN21®) DIFF200) | siGN20@
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
DIFF19® | siGN19® | DIFF18® | siGN18W DIFF17( SIGN17®) DIFF16M | siGN16W
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 (odd) DIFF<23:16>: Differential-Mode for Corresponding Analog Inputs bits()

1 = Channel is differential
0 = Channel is single-ended

bit (even) SIGN<23:16>: Output Data Sign for Corresponding Analog Inputs bits(D)

1 = Channel output data is signed
0 = Channel output data is unsigned

Note 1: The available input channels are device-specific. Some channels may not be implemented. Also, not all
channels may support the Differential-mode. Refer to the device data sheet for the available SIGNx and
DIFFx bits.

Register 2-22: ADMOD1H: ADC Input Mode Control Register 1 High

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DIFF31W | sIGN31® | DIFF30® | sIGN30® DIFF29() SIGN29W | DIFF28® | siGN28W)
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
DIFF27®M | siGN27® | DIFF26® | siGN26W DIFF25() SIGN25®) | DIFF24® | siGN24W)
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 (odd) DIFF<31:24>: Differential-Mode for Corresponding Analog Inputs bits(?

1 = Channel is differential
0 = Channel is single-ended
bit (even) SIGN<31:24>: Output Data Sign for Corresponding Analog Inputs bits(D)

1 = Channel output data is signed
0 = Channel output data is unsigned

Note 1: The available input channels are device-specific. Some channels may not be implemented. Also, not all
channels may support the Differential-mode. Refer to the device data sheet for the available SIGNx and
DIFFx bits.
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Register 2-23:  ADIEL: ADC Interrupt Enable Register Low

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IE<15:8>(1)
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
IE<7:0>(M)
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 IE<15:0>: Interrupt Enable bits(1)

1 = Individual and common interrupts are enabled for the corresponding channel
0 = Individual and common interrupts are disabled for the corresponding channel

Note 1: The available channels are device-specific. Some IEx bits may not be implemented. Refer to the device
data sheet for the available channels.

Register 2-24:  ADIEH: ADC Interrupt Enable Register High

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IE<31:24>(1)
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
IE<23:16>(1)
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 IE<31:16>: Interrupt Enable bits (™)

1 = Individual and common interrupts are enabled for the corresponding channel
0 = Individual and common interrupts are disabled for the corresponding channel

Note 1: The available channels are device-specific. Some IEx bits may not be implemented. Refer to the device
data sheet for the available channels.
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12-Bit High-Speed, Multiple SARs A/D Converter (ADC)

Register 2-25: ADSTATL: ADC Data Ready Status Register Low

R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0
AN15RDY® | AN14RDY® | AN13RDYW | AN12RDY® | AN11RDY® | AN10RDYWD | ANORDY® | ANSRDY®)
bit 15 bit 8

R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0
AN7RDY® | AN6RDY® | AN5RDY® | AN4RDY® | AN3RDY® | AN2RDY® | ANTRDY® | ANORDY®

bit 7 bit 0
Legend: HC = Hardware Clearable bit HS = Hardware Settable bit

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 15-0 AN15RDY:ANORDY: Data Ready Status for Corresponding Analog Inputs bits(?)

1 = Channel conversion result is ready in the corresponding ADCBUFx register
0 = Channel conversion result is not ready

Note 1: The available channels are device-specific. Some ANXRDY bits may not be implemented. Refer to the
device data sheet for the available channels.

Register 2-26: ADSTATH: ADC Data Ready Status Register High

R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0
AN31RDY® | AN30RDYW | AN29RDY® | AN28RDY® | AN27RDYW | AN26RDY™ | AN25RDY(™) | AN24RDY®)
bit 15 bit 8

R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0
AN23RDY® | AN22RDYW | AN21RDY® | AN20RDY® | AN19RDYW | AN18RDY® | AN17RDY® | AN16RDYD

bit 7 bit 0
Legend: HC = Hardware Clearable bit HS = Hardware Settable bit

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-0 AN31RDY:AN16RDY: Data Ready Status for Corresponding Analog Inputs bits()

1 = Channel conversion result is ready in the corresponding ADCBUFx register
0 = Channel conversion result is not ready

Note 1: The available channels are device-specific. Some ANxRDY bits may not be implemented. Refer to the
device data sheet for the available channels.

© 2014-2017 Microchip Technology Inc. DS70005213F-page 25



dsPIC33/PIC24 Family Reference Manual

Register 2-27: ADTRIGnL and ADTRIGnH: ADC Channel Trigger n Selection Registers Low and High
(where n is a register number from 0to 7)

uU-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
- [ = 1 = TRGSRC(x+1)<4:0>")
bit 15 bit 8
U-0 uU-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — TRGSRCx<4:0>(1)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 15-13 Unimplemented: Read as ‘0’

bit 12-8 TRGSRC(x+1)<4:0>: Trigger Source Selection for Corresponding Analog Input (x+1) bits(™)
11111 = External trigger pin
00100-11110 = Other trigger options specific for the device; refer to the device data sheet for more information
00011 = Reserved
00010 = Common level-sensitive software trigger
00001 = Common software trigger
00000 = No trigger is enabled

bit 7-5 Unimplemented: Read as ‘0’

bit 4-0 TRGSRCx<4:0>: Trigger Source Selection for Corresponding Analog Input x bits()
11111 = External trigger pin
00100-11110 = Other trigger options specific for the device; refer to the device data sheet for more information
00011 = Reserved
00010 = Common level-sensitive software trigger
00001 = Common software trigger
00000 = No trigger is enabled

Note 1: The available channels are device-specific. Some TRGSRCx<4:0> bits may not be implemented. Refer to the
device data sheet for the available channel information.
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12-Bit High-Speed, Multiple SARs A/D Converter (ADC)

Register 2-28:

ADCALOL: ADC Calibration Register 0 Low®

R/HC/HS-0 u-0 U-0 u-0 r-0 R/W-0 R/W-0 R/W-0
cauroY® | — | — [ — [ —  [cAuDIFFD [ cAL1EN® |CAL1IRUN®
bit 15 bit 8

R/HC/HS-0 u-0 uU-0 u-0 r-0 R/W-0 R/W-0 R/W-0
CALORDY® | | — | — | —  |caLopiFF® | cALOEN® |CALORUN®
bit 7 bit 0
Legend: HC = Hardware Clearable bit HS = Hardware Settable bit r = Reserved 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 CAL1RDY: Dedicated ADC Core 1 Calibration Status Flag bit(})
1 = Dedicated ADC core calibration is finished
0 = Dedicated ADC core calibration is in progress
bit 14-12 Unimplemented: Read as ‘0’
bit 11 Reserved: Must be written as ‘0’
bit 10 CAL1DIFF: Dedicated ADC Core 1 Differential-Mode Calibration bit(")
1 = Dedicated ADC core will be calibrated in Differential Input mode
0 = Dedicated ADC core will be calibrated in Single-Ended Input mode
bit 9 CAL1EN: Dedicated ADC Core 1 Calibration Enable bit™")
1 = Dedicated ADC core calibration bits (CAL1RDY, CAL1DIFF and CAL1RUN) can be accessed by
software
0 = Dedicated ADC core calibration bits are disabled
bit 8 CAL1RUN: Dedicated ADC Core 1 Calibration Start bit™)
1 = If this bit is set by software, the dedicated ADC core calibration cycle is started; this bit is cleared by
hardware automatically
0 = Software can start the next calibration cycle
bit 7 CALORDY: Dedicated ADC Core 0 Calibration Status Flag bit(})
1 = Dedicated ADC core calibration is finished
0 = Dedicated ADC core calibration is in progress
bit 6-4 Unimplemented: Read as ‘0’
bit 3 Reserved: Must be written as ‘0’
bit 2 CALODIFF: Dedicated ADC Core 0 Differential-Mode Calibration bit™®
1 = Dedicated ADC core will be calibrated in Differential Input mode
0 = Dedicated ADC core will be calibrated in Single-Ended Input mode
bit 1 CALOEN: Dedicated ADC Core 0 Calibration Enable bit(?)
1 = Dedicated ADC core calibration bits (CALORDY, CALODIFF and CALORUN) can be accessed by
software
0 = Dedicated ADC core calibration bits are disabled
bit 0 CALORUN: Dedicated ADC Core 0 Calibration Start Bit(")

1 = If this bit is set by software, the dedicated ADC core calibration cycle is started; this bit is cleared
by hardware automatically
0 = Software can start the next calibration cycle

Note 1: The available dedicated ADC cores number is device-specific. Some CALxRDY, CALxDIFF, CALxEN and
CALXRUN bits may not be implemented. Refer to the device data sheet for the available ADC cores.

2: The calibration is not required for some devices. Refer to the specific device data sheet to see if this

regi

ster is implemented.
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Register 2-29: ADCALOH: ADC Calibration Register 0 High®

R/HC/HS-0 u-0 u-0 u-0 r-0 R/W-0 R/W-0 R/W-0
casroY®|  — | — | — | — | cADIFF® | cAL3EN® | cAL3RUN®D
bit 15 bit 8

R/HC/HS-0 u-0 u-0 u-0 r-0 R/W-0 R/W-0 R/W-0
CAL2RDYD] | — | — | — ]ca2pFr® | caL2eEN® | cAL2RUN®
bit 7 bit O
Legend: HC = Hardware Clearable bit HS = Hardware Settable bit r = Reserved 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 CAL3RDY: Dedicated ADC Core 3 Calibration Status Flag bit(})

bit 14-12
bit 11
bit 10

bit 9

bit 8

bit 7

bit 6-4
bit 3
bit 2

bit 1

bit 0

1 = Dedicated ADC core calibration is finished

0 = Dedicated ADC core calibration is in progress

Unimplemented: Read as ‘0’

Reserved: Must be written as ‘0’

CAL3DIFF: Dedicated ADC Core 3 Differential-Mode Calibration bit™®)

1 = Dedicated ADC core will be calibrated in Differential Input mode

0 = Dedicated ADC core will be calibrated in Single-Ended Input mode

CAL3EN: Dedicated ADC Core 3 Calibration Enable bit(

1 = Dedicated ADC core calibration bits (CAL3RDY, CAL3DIFF and CAL3RUN) can be accessed by
software.

0 = Dedicated ADC core calibration bits are disabled

CAL3RUN: Dedicated ADC Core 3 Calibration Start bit™

1 = If this bit is set by software, the dedicated ADC core calibration cycle is started; this bit is cleared by
hardware automatically

0 = Software can start the next calibration cycle

CAL2RDY: Dedicated ADC Core 2 Calibration Status Flag bit(})

1 = Dedicated ADC core calibration is finished

0 = Dedicated ADC core calibration is in progress

Unimplemented: Read as ‘0’

Reserved: Must be written as ‘0’

CAL2DIFF: Dedicated ADC Core 2 Differential-Mode Calibration bit()

1 = Dedicated ADC core will be calibrated in Differential Input mode

0 = Dedicated ADC core will be calibrated in Single-Ended Input mode

CALZ2EN: Dedicated ADC Core 2 Calibration Enable bit™®)

1 = Dedicated ADC core calibration bits (CAL2RDY, CAL2DIFF and CAL2RUN) can be accessed by
software

0 = Dedicated ADC core calibration bits are disabled

CAL2RUN: Dedicated ADC Core 2 Calibration Start bit(%)

1 = If this bit is set by software, the dedicated ADC core calibration cycle is started; this bit is cleared by

hardware automatically
0 = Software can start the next calibration cycle

Note 1: The available dedicated ADC cores number is device-specific. Some CALxRDY, CALxDIFF, CALxEN and
CALXRUN bits may not be implemented. Refer to the device data sheet for the available ADC cores.

2: The calibration is not required for some devices. Refer to the specific device data sheet to see if this
register is implemented.
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Register 2-30: ADCAL1L: ADC Calibration Register 1 Low®

R/HC/HS-0 u-0 U-0 u-0 r-0 R/W-0 R/W-0 R/W-0
casrRDY®D | — ] — | — | —  JcAsDIFF® | cALSEN® | CALSRUN®
bit 15 bit 8

R/HC/HS-0 u-0 U-0 u-0 r-0 R/W-0 R/W-0 R/W-0
CAL4RDYD [ — ] — | — | —  [caAuniFFD | cAl4END [CAL4RUND
bit 7 bit O
Legend: HC = Hardware Clearable bit HS = Hardware Settable bit r = Reserved 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 CALS5RDY: Dedicated ADC Core 5 Calibration Status Flag bit(})

1 = Dedicated ADC core calibration is finished
0 = Dedicated ADC core calibration is in progress

bit 14-12 Unimplemented: Read as ‘0’
bit 11 Reserved: Must be written as ‘0’
bit 10 CALS5DIFF: Dedicated ADC Core 5 Differential-Mode Calibration bit(!)

1 = Dedicated ADC core will be calibrated in differential input mode
0 = Dedicated ADC core will be calibrated in single-ended input mode

bit 9 CALS5EN: Dedicated ADC Core 5 Calibration Enable bit()
1 = Dedicated ADC core calibration bits (CAL5RDY, CAL5DIFF and CAL5RUN) can be accessed by
software
0 = Dedicated ADC core calibration bits are disabled
bit 8 CAL5RUN: Dedicated ADC Core 5 Calibration Start bit(!)

1 = If this bit is set by software, the dedicated ADC core calibration cycle is started; this bit is cleared by
hardware automatically
0 = Software can start the next calibration cycle
bit 7 CAL4RDY: Dedicated ADC Core 4 Calibration Status Flag bit(})

1 = Dedicated ADC core calibration is finished
0 = Dedicated ADC core calibration is in progress

bit 6-4 Unimplemented: Read as ‘0’
bit 3 Reserved: Must be written as ‘0’
bit 2 CAL4DIFF: Dedicated ADC Core 4 Differential-Mode Calibration bit(})

1 = Dedicated ADC core will be calibrated in Differential Input mode
0 = Dedicated ADC core will be calibrated in Single-Ended Input mode

bit 1 CAL4EN: Dedicated ADC Core 4 Calibration Enable bit®
1 = Dedicated ADC core calibration bits (CAL4RDY, CAL4DIFF and CAL4RUN) can be accessed by
software
0 = Dedicated ADC core calibration bits are disabled
bit 0 CAL4RUN: Dedicated ADC Core 4 Calibration Start bit™

1 = If this bit is set by software, the dedicated ADC core calibration cycle is started. This bit is cleared by
hardware automatically
0 = Software can start the next calibration cycle

Note 1: The available dedicated ADC cores number is device-specific. Some CALxRDY, CALxDIFF, CALxEN and
CALXRUN bits may not be implemented. Refer to the device data sheet for the available ADC cores.

2: The calibration is not required for some devices. Refer to the specific device data sheet to see if this
register is implemented.
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Register 2-31:

ADCAL1H: ADC Calibration Register 1 High®®

R/HC/HS-0 uU-0 u-0 U-0 r-0 R/W-0 R/W-0 R/W-0
CsSHRRDY | — |  — [ — |  — | CSHRDIFF | CSHREN [ CSHRRUN
bit 15 bit 8

R/HC/HS-0 uU-0 u-0 uU-0 r-0 R/W-0 R/W-0 R/W-0
CAL6RDY( | | — | — | — |caeDIFFY| cAL6EN® [CAL6RUND
bit 7 bit 0
Legend: HC = Hardware Clearable bit HS = Hardware Settable bit r = Reserved 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 CSHRRDY: Shared ADC Core Calibration Status Flag bit
1 = Shared ADC core calibration is finished
0 = Shared ADC core calibration is in progress
bit 14-12 Unimplemented: Read as ‘0’
bit 11 Reserved: Must be written as ‘0’
bit 10 CSHRDIFF: Shared ADC Core Differential-Mode Calibration bit
1 = Shared ADC core will be calibrated in Differential Input mode
0 = Shared ADC core will be calibrated in Single-Ended Input mode
bit 9 CSHREN: Shared ADC Core Calibration Enable bit
1 = Shared ADC core calibration bits (CSHRRDY, CSHRDIFF and CSHRRUN) can be accessed by
software
0 = Shared ADC core calibration bits are disabled
bit 8 CSHRRUN: Shared ADC Core Calibration Start bit
1 = If this bit is set by software, the shared ADC core calibration cycle is started; this bit is cleared by
hardware automatically
0 = Software can start the next calibration cycle
bit 7 CALG6RDY: Dedicated ADC Core 6 Calibration Status Flag bit(})
1 = Dedicated ADC core calibration is finished
0 = Dedicated ADC core calibration is in progress
bit 6-4 Unimplemented: Read as ‘0’
bit 3 Reserved: Must be written as ‘0’
bit 2 CALG6DIFF: Dedicated ADC Core 6 Differential-Mode Calibration bit™®)
1 = Dedicated ADC core will be calibrated in Differential Input mode
0 = Dedicated ADC core will be calibrated in Single-Ended Input mode
bit 1 CALGEN: Dedicated ADC Core 6 Calibration Enable bit™®)
1 = Dedicated ADC core calibration bits (CAL6RDY, CAL6DIFF and CAL6RUN) can be accessed by
software
0 = Dedicated ADC core calibration bits are disabled
bit 0 CAL6RUN: Dedicated ADC Core 6 Calibration Start bit(%)

1 = If this bit is set by software, the dedicated ADC core calibration cycle is started; this bit is cleared by
hardware automatically
0 = Software can start the next calibration cycle

Note 1. The available dedicated ADC cores number is device-specific. Some CALXRDY, CALxDIFF, CALXEN and
CALXRUN bits may not be implemented. Refer to the device data sheet for the available ADC cores.

2: The calibration is not required for some devices. Refer to the specific device data sheet to see if this

regi

ster is implemented.

DS70005213F-page 30 © 2014-2017 Microchip Technology Inc.




12-Bit High-Speed, Multiple SARs A/D Converter (ADC)

Register 2-32:  ADCMPnCON: ADC Digital Comparator n Control Register(?)

U-0 U-0 u-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0 R/HC/HS-0
— — — CHNL4 CHNL3 CHNL2 CHNL1 CHNLO
bit 15 bit 8
R/W-0 R/W-0 R/HC/HS-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CMPEN IE STAT BTWN HIHI HILO LOHI LOLO
bit 7 bit 0
Legend: HC = Hardware Clearable bit HS = Hardware Settable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-13 Unimplemented: Read as ‘0’
bit 12-8 CHNL<4:0>: Input Channel Number bits

These bits identify the analog input that caused the comparator event.
11111 = AN31

00001 = AN1
00000 = ANO
bit 7 CMPEN: Digital Comparator Enable bit
1 = Comparator is enabled
0 = Comparator is disabled and the STAT status bit is cleared
bit 6 IE: Comparator Interrupts Enable bit
1 = individual and common interrupts will be generated if the comparator detects a comparison event
0 = Individual and common interrupts will not be generated for the comparator
bit 5 STAT: Comparator Event Status bit
This bit is cleared by hardware when the channel number is read from the CHNL<4:0> bits.
1 = A comparison event has been detected since the last read of the CHNL<4:0> bits
0 = A comparison event has not been detected since the last read of the CHNL<4:0> bits
bit 4 BTWN: Between Low/High Comparator Event bit
1 = Generates a comparator event when ADCMPnLO < ADCBUFx < ADCMPnHI
0 = Does not generate a digital comparator event when ADCMPnLO < ADCBUFx < ADCMPnHI
bit 3 HIHI: High/High Comparator Event bit
1 = Generates a digital comparator event when ADCBUFx 2 ADCMPnHI
0 = Does not generate a digital comparator event when ADCBUFx = ADCMPnHI
bit 2 HILO: High/Low Comparator Event bit
1 = Generates a digital comparator event when ADCBUFx < ADCMPnHI
0 = Does not generate a digital comparator event when ADCBUFx < ADCMPnHI
bit 1 LOHI: Low/High Comparator Event bit
1 = Generates a digital comparator event when ADCBUFx = ADCMPnLO
0 = Does not generate a digital comparator event when ADCBUFx =2 ADCMPnLO
bit 0 LOLO: Low/Low Comparator Event bit

1 = Generates a digital comparator event when ADCBUFx < ADCMPnLO
0 = Does not generate a digital comparator event when ADCBUFx < ADCMPnLO

Note 1: The available digital comparators number is device-specific. Refer to the device data sheet for the available
digital comparators.
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Register 2-33:  ADCMPNnENL: ADC Digital Comparator n Channel Enable Register Low®

R/WI/0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CMPEN<15:8>(2)
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
CMPEN<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 CMPEN<15:0>: Comparator Enable for Corresponding Input Channels bits(@)

1 = Conversion result for corresponding channel is used by the comparator
0 = Conversion result for corresponding channel is not used by the comparator

Note 1: The available digital comparators number is device-specific. Refer to the device data sheet for the
available digital comparators.

2. The available channels are device-specific. Some CMPENXx bits may not be implemented. Refer to the
device data sheet for the available channels.

Register 2-34:  ADCMPNENH: ADC Digital Comparator n Channel Enable Register High(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
CMPEN<31:24>()
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
CMPEN<23:16>(?
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 CMPEN<31:16>: Comparator Enable for Corresponding Input Channels bits(®)

1 = Conversion result for corresponding channel is used by the comparator
0 = Conversion result for corresponding channel is not used by the comparator

Note 1: The available digital comparators number is device-specific. Refer to the device data sheet for the
available digital comparators.
2:  The available channels are device-specific. Some CMPENX bits may not be implemented. Refer to the
device data sheet for the available channels.
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Register 2-35:  ADFLnCON: ADC Digital Filter n Control Register®

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/HC/HS-0
FLEN MODE1 MODEO OVRSAM2 OVRSAM1 OVRSAMO IE RDY
bit 15 bit 8
U-0 U-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — FLCHSEL4 | FLCHSEL3 FLCHSEL2 | FLCHSEL1 | FLCHSELO
bit 7 bit 0
Legend: HC = Hardware Clearable bit HS = Hardware Settable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 FLEN: Filter Enable bit

1 = Filter is enabled
0 = Filter is disabled and the RDY bit is cleared

bit 14-13 MODE<1:0>: Filter Mode bits
11 = Averaging mode
10 = Reserved
01 = Reserved
00 = Oversampling mode

bit 12-10 OVRSAM<2:0>: Filter Averaging/Oversampling Ratio bits
If MODE<1:0> = 00:
111 = 128x (16-bit result in the ADFLnDAT register)
110 = 32x (15-bit result in the ADFLnDAT register)
101 = 8x (14-bit result in the ADFLnDAT register)
100 = 2x (13-bit result in the ADFLnDAT register)
011 = 256x (16-bit result in the ADFLnDAT register)
010 = 64x (15-bit result in the ADFLnDAT register)
001 = 16x (14-bit result in the ADFLnDAT register)
000 = 4x (13-bit result in the ADFLnDAT register)
If MODE<1:0> = 11 (12-bit result in the ADFLnDAT register):
111 = 256x
110 = 128x
101 = 64x
100 = 32x
011 = 16x
010 = 8x
001 = 4x
000 = 2x

bit 9 IE: Filter Interrupts Enable bit
1 = Individual and common interrupts will be generated when the filter result is ready
0 = Individual and common interrupts will not be generated for the filter

bit 8 RDY: Oversampling Filter Data Ready Flag bit

This bit is cleared by hardware when the result is read from the ADFLnDAT register.
1 = Data in the ADFLnDAT register is ready
0 = The ADFLnDAT register has been read and new data in the ADFLnDAT register is not ready

bit 7-5 Unimplemented: Read as ‘0’

Note 1: The available oversampling filter number is device-specific. Refer to the device data sheet for the available
oversampling filters.
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Register 2-35:  ADFLnCON: ADC Digital Filter n Control Register(l) (Continued)

bit 4-0 FLCHSEL<4:0>: Oversampling Filter Input Channel Selection bits
11111 = AN31

00001 = AN1
00000 = ANO

Note 1: The available oversampling filter number is device-specific. Refer to the device data sheet for the available
oversampling filters.
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Register 2-36: ADCSSL: CVD Scan Select Register Low(

R/WI/0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CSS<15:8>(2)
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
CSS<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 = Bitis unknown
bit 15-0 CSS<15:0>: CVD Scan Enable for Corresponding Analog Inputs bits®

1 = The shared core analog input is included in the CVD scan
0 = The shared core analog input is not scanned by CVD

Note 1: This register is not available if the CVD feature is not implemented. Refer to the device data sheet to see if
CVD is available.

2. The available channels for the ADC shared core are device-specific. Some CSSx bits may not be
implemented. Refer to the device data sheet for the available channels information.

Register 2-37: ADCSSH: CVD Scan Select Register High(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
CSS<31:24>(2)
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
CSS<23:16>(2)
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 CSS<31:16>: CVD Scan Enable for Corresponding Analog Inputs bits(®)

1 = The shared core analog input is included in the CVD scan
0 = The shared core analog input is not scanned by CVD

Note 1: This register is not available if the CVD feature is not implemented. Refer to the device data sheet to see if
CVD is available.
2:  The available channels for the ADC shared core are device-specific. Some CSSx bits may not be
implemented. Refer to the device data sheet for the available channels information.
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3.0 CONVERSION SEQUENCE

Analog-to-Digital conversion using the 12-Bit High-Speed, Multiple SARs ADC involves the
following three steps:

1. Sampling of the input signal.

2. Capture of the input signal (holding) and transfer to the converter.

3. Conversion of the analog signal to its digital representation.

Sampling of the input signal involves charging of the capacitor in the Sample-and-Hold (S/H) circuit.
The sampling time must be adequate so that the capacitor charges to a value equal to the input
voltage. At the appropriate time, the input is disconnected from the capacitor, and subsequently,

the analog voltage is transferred to the converter. The converter then digitizes the analog signal
and provides the result.

The converter requires a clock source and a reference voltage. The clock and reference voltage
sources are selectable, as well as the clock prescaling.

4.0 ADC OPERATION

4.1 SAR ADC Cores

The number of dedicated SAR ADC cores available is device-specific. For more information,
refer to the specific device data sheet.

The module may implement up to eight independent SAR ADC cores. It allows sampling signals
simultaneously from multiple analog inputs. The seven first SAR ADC cores (0 through 6) are
referred to as dedicated, since each has a single dedicated analog channel. Each channel is
connected and the ADC core samples (follows) the input signal voltage continuously. The
channel for the dedicated ADC core is disconnected only when the conversion is started. The
dedicated independent ADC cores allow an application to sample the associated analog
channels simultaneously and convert them in a single “snap shot”.

The last SAR ADC core is referred to as a shared core, as it is shared among the analog inputs
that are not associated with the dedicated ADC cores. For this core, the analog channel to be
sampled, and the sampling process, are controlled by the ADC module. When the conversion is
not in progress, all inputs are disconnected from the shared ADC core. By the trigger event, the
ADC connects the analog input defined in the trigger and samples the input signal during the
specified amount of time. After sampling is completed, the analog input is disconnected again
and the conversion is performed.
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4.2 ADC Clock

The ADC module has different options for the clock source. The source can be selected using
the CLKSEL<1:0> bits in the ADCONS3H register. The selected source has a period, TSRC, and
is divided by the ratio specified by the CLKDIV<5:0> bits in the ADCON3H register. After this
divider, the result clock with the period, TCORESRC, goes to each SAR ADC core. Each ADC core
has its own clock divider that is configured with the ADCS<6:0> bits in the corresponding
ADCOREnNH register for the dedicated core, and with the SHRADCS<6:0> bits in the ADCON2L
register for the shared ADC core. After the divisions, each ADC core can have a different clock
period, TADCORE. The maximum operation clock frequency for each SAR ADC core is limited by
70 MHz. Thus, the clock settings must be selected to provide a Core Clock period, TADCORE,
more than 14.3 nS. The module clock path diagram is shown in Figure 4-1.

Figure 4-1: ADC Module Clock Path Block Diagram

TADCORE TADCORE TADCORE
for Dedicated for Dedicated for Shared
ADC Core 0 ADC Core 1 ADC Core
| |
TADCORE > 14.3 nS o
'L J ADC Core ADC Core o Shared ADC
__________ Input Clock Input Clock , 1 | |CorelnputClock
Divider bits Divider bits o Divider bits
(ADCS<6:0> (ADCS<6:0>| | | | |(SHRADCS<6:0>
Instruction in ADCOREOH| |in ADCORE1H| | | in ADCON2L
Clock | Clock Source Clock S Register) Register) o Register)
. . ock Source o
FRC—— Selection b!ts - Divider bits T T
(CLKSEL<1:0> > (CLKDIV<5:0> i d ¢
Fose in ADCON3H AE(JCONsH S' st )
, egister, TCORESR!
AUX Clock Register) | Tsre 9 CORESRC
4.3 ADC Resolution

Each SAR ADC core resolution can be set individually using the RES<1:0> bits in the
ADCORERNH register for the corresponding dedicated core, and using the SHRRES<1:0> bits in
the ADCON1H register for the shared core.

Depending on the setting, the resolution of the ADC is either 12 bits, 10 bits, 8 bits or 6 bits. By
default after Reset, all cores are configured for 12-bit resolution.
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4.4 Sampling and Conversion Timing

The conversion time for all ADC cores depends on the resolution selected by the RES<1:0> or
SHRRES<1:0> bits. The time required for the conversion is defined by Equation 4-1.

Equation 4-1:  Conversion Time

Conversion Time = 8 - Tcoresre + (Bit Resolution + 2.5) - TADCORE

For example, if an ADC core is configured for 12-bit resolution, the conversion time for this core
will be: 8 « TCORESRC + 14.5 » TADCORE.

If a few ADC cores have the conversion results at the same time, the core with the low priority
will wait an additional TCORESRC cycle for each high-priority core to store its result.

Additionally, the conversion time can be extended even further if the Noise Reduction feature is
enabled. If the NRE bit in the ADCON'L register is set, the end of conversion time is adjusted to
reduce the noise between ADC cores. Depending on the number of cores converting and the
priority of the input, a few additional TADs may be inserted, making the conversion time slightly
less deterministic. The Noise Reduction feature is not available on all devices and the NRE bit
may not be implemented. Refer to the device data sheet for more information.

With multiple dedicated SAR ADC cores, several analog signals can be captured simultaneously.
Each dedicated core continuously tracks the input signal in Sample mode until an asynchronous
trigger event occurs. The trigger event causes the dedicated core to immediately stop sampling
and enter the holding state. It is important to note that, by default, the trigger event which ends
sampling occurs asynchronously to the ADC core clock. While the S/H circuits enter the hold
state immediately, the asynchronous trigger must be synchronized to the ADC clock, consuming
up to one ADC clock edge before the conversion request is issued to the SAR (Figure 4-2).

Figure 4-2: Dedicated SAR ADC Core Sampling
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If using a periodic trigger source with a dedicated core, the total sampling time is determined by
the trigger rate. The trigger rate must not violate the necessary sampling time. See Section 4.4.1
“Sampling Time Requirements” for more information.
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Another dedicated SAR ADC core sampling option is a delayed conversion. This feature is
controlled by the SAMCXEN bits in the ADCONAL register. When SAMCXEN = 1, the delay is
inserted between the trigger event and the conversion start (Figure 4-3). During this time, the
core continues to sample the input signal. The delay time is defined by the SAMC<9:0> bits in
the corresponding Dedicated ADC Core n Control Register Low, ADCORENL. This delay should
be used with the digital filters or level-sensitive triggers to ensure the minimum sampling time.
Regardless of the SAMCXEN bit, the SAMC<9:0> bits in the ADCORENL register limit the time
between triggers. If the time between triggers will be less than the time specified in the
SAMC<9:0> bits, then the trigger will be delayed.

Figure 4-3: Dedicated SAR ADC Core Sampling with Delayed Conversion (SAMCXEN = 1)

TADCORE
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Unlike the dedicated ADC core, the trigger event of a shared ADC core starts the sampling
process using a sample time specified by the SHRSAMC<9:0> bits in the ADCON2H register.
Once the signal has sampled the specified number of ADC Core Clocks (TADCORE), the S/H
enters the hold state and the conversion request is issued (shown in Figure 4-4).

When periodically triggering a single input of the shared ADC core, the trigger rate should not be
more than the sample time plus the conversion time. There is no assurance that a conversion
request for the shared ADC core will be serviced immediately. Conversion requests for the
shared core are serviced in the order of priority.

Figure 4-4: Shared SAR ADC Core Sampling
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4.4.1 SAMPLING TIME REQUIREMENTS

The analog input model of the 12-Bit High-Speed, Multiple SARs ADC is illustrated in Figure 4-5.
The total acquisition time for the Analog-to-Digital conversion is a function of the Holding Capacitor
(CHoLD) charge time.

For the ADC module to meet its specified accuracy, the Holding Capacitor (CHOLD) must be
allowed to fully charge to the voltage level on the analog input pin. The analog output Source
Impedance (RS), the Interconnect Impedance (RIC) and the internal Sampling Switch Impedance
(Rss) combine to directly affect the time required to charge the CHOLD. The combined impedance
of the analog sources must therefore, be small enough to fully charge the Holding Capacitor
within the selected sample time. The internal Holding Capacitor will be in the discharged state
prior to each sample operation.

Figure 4-5: 12-Bit ADC Analog Input Model

VDD .
Ric = 300 Sampling
VT =06V \' , Switch
' Rss Rss = 440
AVA‘IAV :_ P AN :
_______ CHOLD =5 pF
= _ ILEAKAGE -
VT=06V(y ) 1500 nA
= 1 vss
Legend:
CPIN = Input Capacitance VT = Threshold Voltage
Rss = Sampling Switch Resistance Ric = Interconnect Resistance
Rs = Source Resistance CHoLD = Sample/Hold Capacitance
ILEAKAGE = Leakage Current at the Pin
due to Various Junctions
Note 1: The CPIN value depends on the device package and is not tested. The effect of the
CPIN is negligible if Rs < 5 kQ.

4.5 Voltage Reference

The voltage reference options vary by device. Refer to the device data sheet for the specific
options.

The ADC Reference Voltage Selection bits, REFSEL<2:0> in the ADCON3L register, select the
voltage reference for all SAR ADC cores. Also, the ADC module depends on the internal band gap
circuit voltage. When the voltage reference and the band gap are ready for operation, the
REFRDY bit in ADCON2H is set. The voltage reference source cannot be changed when the
module is enabled (ADON (ADCON1L<15>) = 1). If the ADC reference or AVDD power was
changed or interrupted, the REFERR bit in the ADCON2H register is set. After a voltage
reference Fault event is detected, the ADC module must be recalibrated. The voltage reference
ready and voltage reference Fault events, indicated by the REFRDY and REFERR bits, can
generate common interrupts if the corresponding REFCIE and REFERCIE bits are set in the
ADCONZ2L register. To avoid false Fault interrupts, the REFERCIE bit must be set only after the
module is enabled (ADON = 1).
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4.6 Analog Input Channels

The number of input channels available is device-specific. For more information, refer to the
specific device data sheet.

4.6.1 CONFIGURING ANALOG PORT PINS

The ANSELX registers for the I/O ports, associated with the analog inputs, are used to configure
the corresponding pins as analog pins. A pin is configured as an analog input when the
corresponding ANSELXx bit = 1. When the ANSELXx bit = 0, the pin is set to digital control. When
configured for analog input, the associated port I/O digital input buffer is disabled so that it does
not consume current. The ANSELX registers are set when the device comes out of Reset,
causing the ADC input pins to be configured as analog inputs by default.

The TRISx registers control the digital function of the port pins. The port pin that is required as
an analog input must have its corresponding bit set in the specific TRISx register, configuring the
pin as an input. If the I/O pin associated with an ADC input is configured as an output by clearing
the TRISx bit, the port’s digital output level will be converted. After a device Reset, all of the
TRISx bits are set. For more information on port pin configuration, refer to the “1/O Ports”
chapter of the specific device data sheet.

Note:  The PORT register bit reads as ‘0’ if its corresponding pin is configured as an analog I
input.

46.2 SINGLE-ENDED AND PSEUDODIFFERENTIAL INPUT OPTIONS AND
OUTPUT RESULT FORMAT

The A/D Converter comprises both single-ended and pseudodifferential channels. The input voltage
on any analog pin should not be less than the analog ground level, AVss, and should not exceed the
analog power voltage, AVDD (for either Single-Ended mode or Pseudodifferential mode). The
pseudodifferential channel has inverting and non-inverting inputs. The analog pin used in Pseudo-
differential mode for the inverting input is fixed for each ADC core. Refer to the device-specific data
sheet for the inverting input number for the particular ADC core. For the correct operation in the
Pseudodifferential mode, one input (inverting or non-inverting) is allowed to swing from VR- to VR+,
while another input is restricted to around (VR+ + VR-)/2 + 150 mV (where VR+ and VR- are positive
and negative reference voltages).

The Single-Ended mode or Pseudodifferential mode for each ADC input channel is defined by
the DIFFx bit in the ADMODnNL or ADMODnNH registers. If the corresponding DIFFx bit is set, the
channel is differential. When this DIFFx bit is zero, the channel is single-ended. Also, the data
output format can be set individually for each channel using the SIGNXx bit in the ADMODnNL or
ADMODnNH registers. If the SIGNx bit is set, the conversion result for the input is written as a
signed value into the corresponding result buffer, ADCBUFx. If the SIGNx bit is cleared, the result
of the conversion is unsigned. Table 4-1 details the input configuration options.

Table 4-1: Input Configuration
Output Code
Input Input Voltage (for FORM bit
(ADCON1H<7>) = 0)
. ) Signed _ . _ .
Pseudodifferential Result Bit VINP = Voltage on Non-Inverting Input, VINN = Voltage on Inverting Input,
Mode Bit (DIFFx) (SIGNx) VR+ = Positive Reference Voltage, VR- = Negative Reference Voltage
1 1 Minimum VINP < VR-; VINN = (VR+ + VR-)/2 -1024
Maximum VINP > VR+; VINN = (VR+ + VR-)/2 +1023
1 0 Minimum VINP < VR-; VINN = (VR+ + VR-)/2 +1024
Maximum VINP > VR+; VINN = (VR+ + VR-)/2 +3071
0 1 Minimum VINP < VR- -2048
Maximum VINP > VR+ +2047
0 0 Minimum VINP < VR- 0
Maximum VINP > VR+ +4095
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4.6.3 SELECTING ANALOG INPUT FOR DEDICATED ADC CORE

To provide greater flexibility to the dedicated ADC cores, several inputs are provided for each.
These may include the analog pins and the outputs of other analog modules, such as amplifiers.
The input options are chosen using the CxCHS<1:0> bits in the ADCON4H register.

The input options are device-specific. For more information, refer to the device data sheet. The
CxCHS<1:0> bits physically connect different analog inputs to the dedicated ADC core, but they
do not change the trigger source. The dedicated ADC core accepts only triggers from the
channel corresponding to the CxCHS<1:0> = 00 option, regardless of the value written into the
CxCHS<1:0> bits.

Note:  The CxCHS<1:0> bits do not change the trigger source channel for the dedicated
core. The trigger source is defined by the default channel assigned to the core.
Usually, for dedicated Core 0, the trigger is always selected by the TRGSRC0<4:0>
bits; for dedicated Core 1, it is always selected by the TRGSCR1<4:0> bits and so
on. Refer to the device data sheet for the details of the trigger options. Also,
regardless of the CxCHS<1:0> bits value, the conversion result for dedicated cores

is stored in ADCBUFO for Core 0, in ADCBUF1 for Core 1 and so on.

46.4 INPUT PRIORITY

To resolve simultaneous requests for input conversions between different channels, the shared
ADC core uses a natural order priority scheme. The priority scheme is fixed and is defined by the
input channel number, with the channel with lowest number receiving the highest priority. In other
words, input conversions occur in ascending order of the analog channel number, with the lowest
channel number being converted first.

4.7 Enabling the ADC

The ADC module has several levels of activation (see Figure 4-6).

Figure 4-6: ADC Module Activation.
Set ADC Cores
Initialization Time
More than 10 uS
(WARMTIME<3:0> bits
in ADCONSH Register)
ADC Module Enable
(ADON bit in
ADCONI1L Register)
[
v \ 4 L v
Dedicated ADC Core 0 Dedicated ADC Core 1 L Shared ADC Core
ANALOG Circuits Power| |ANALOG Circuits Power| | | | ANALOG Circuits Power
Control (COPWR bit in Control (C1PWR bit in Control (SHRPWR bit in
ADCONSL Register) ADCONSL Register) | | | | ADCONSL Register)
CORDY bit in C1RDY bit in L SHRRDY bit in
ADCONS5L ADCONS5L | | | ADCONSL
Indicates when Indicates when Indicates when
the Core is Ready the Core is Ready [ | ltheCoreis Ready
y \ 4 v
[
Dedicated ADC Core 0 Dedicated ADC Core 1 Shared ADC Core
DIGITAL Circuits Enable| |DIGITAL Circuits Enable [ DIGITAL Circuits Enable
(COEN bit in (C1EN bit in | ]| (SHREN bit in
ADCONB3H Register) ADCONB3H Register) ADCONB3H Register)
[
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The ADON bit in the ADCON1L register enables the ADC module as a whole. Then, each SAR
ADC core should be switched on individually. The CxPWR and SHRPWR bits in the ADCON5L
register control the analog circuits of the dedicated and shared ADC cores accordingly. When the
CxPWR or SHRPWR bits are set, the power-on delay is inserted to stabilize the analog circuits.
The delay value is defined by the WARMTIME<3:0> bits in the ADCON5H register. After the delay,
the corresponding CxRDY or SHRRDY bit is set in the ADCONS5L register to indicate that the ADC
core is ready for operation. At this point, the ADC cores do not receive the triggers. To enable the
ADC core digital circuit, the CxEN or SHREN bit must be set in the ADCON3H register for the
dedicated and shared ADC cores accordingly. When the CxEN or SHREN bits are set, the
corresponding SAR ADC core is fully operational. The SAR ADC cores require 10 uS initialization
time. The WARMTIME<3:0> bits must be configured to provide enough time for the initialization.

To enable the ADC module, the following steps should be performed:

1. Set the WARMTIME<3:0> bits in the ADCONS5H register to provide at least 10 yS for the
ADC cores initialization.

2. Set the ADON bit in the ADCON'L register.

3. Set the CxPWR and/or SHRPWR bits in the ADCONSL register for the selected ADC cores.

4. Poll the CxRDY and/or SHRRDY bits in the ADCONS5L register for the selected ADC cores
until they are set.

5. Set the CxEN and/or SHREN bits in the ADCON3H register for the selected ADC cores.

The analog circuit ready events, indicated by the CxRDY and SHRRDY bits, can be used to

generate the common ADC interrupt. To do this, the corresponding CxCIE and/or SHRCIE bits
must be set in the ADCONS5H register.

4.8 Calibration

On some devices, whenever the module is enabled (refer to “Section 4.7 “Enabling the ADC”),
the calibration of all SAR ADC cores must be performed. Refer to the specific device data sheet
to see if the calibration is required and the Calibration registers, ADCALnL and ADCALnH, are
implemented. The ADCALnL and ADCALNH registers control the calibration process for all
cores. Two calibration procedures must be done for each core. One procedure is used for Single-
Ended Input mode when the CALXDIFF bits for the dedicated cores, and/or the CSHRDIFF bit
for the shared core, are cleared. The second procedure is used for the Differential-mode when
the CALxDIFF and/or CSHRDIFF bits are set. The differential calibration can be skipped if only
Single-Ended mode is used for the core. Also, the single-ended calibration is not required if the
core uses differential inputs only. To enter into the Calibration mode, the CALXEN bits and/or
CSHREN bit (for dedicated cores and shared core accordingly) should be set. Then, the
CALXxRUN and/or CSHRRUN bits should be set to execute the calibration. These bits are cleared
by hardware to allow the next calibration cycle. Also, when the CALXRUN and/or CSHRRUN bits
are set, the corresponding CALxRDY and/or CSHRRDY bits are cleared. The application should
poll the CALxRDY and CSHRRDY bits to detect the end of the calibration process. After
calibration, the CALXEN and/or CSHREN bits must be cleared in order to resume normal
operation on all SAR ADC cores.

To perform the SAR ADC cores’ calibration, the following steps should be done:

Set the CALXEN and/or CSHREN bits.

Clear the CALXDIFF and/or CSHRDIFF bits.

Set the CALXRUN and/or CSHRRUN bits.

Poll the CALXRDY and/or CSHRRDY bits until they are set.

Set the CALxDIFF and/or CSHRDIFF bits.

Set the CALXRUN and/or CSHRRUN bits.

Poll the CALXRDY and CSHRRDY bits until they are set.

Clear the CALXEN and/or CSHREN bits.

After the ADC module is enabled, the recalibration is required if the following ADC options are
changed:

» Voltage Reference (REFSEL<2:0> bits)

* Clock (CLKSEL<1:0>, CLKDIV<5:0>, SHRADCS<6:0> and ADCS<6:0> bits)

® N s WN =
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4.9 Triggering

There are four methods to initiate a conversion request:

* Individual Input Triggers

« Common Software Trigger

+ Common Level-Sensitive Software Trigger

* Individual Input Software Trigger (one-shot trigger)

491 INDIVIDUAL INPUT TRIGGER

The application can independently specify an individual conversion trigger source for each
analog input using the TRGSRCn<4:0> bits in the ADTRIGnL or ADTRIGnH register. Typical
trigger sources may include general purpose timers, output compare modules, PWM generators,
comparators, external pins, common software triggers and the common level-sensitive software
trigger. Each trigger source, selected by the TRGSRCn<4:0> bits, can be set as edge-sensitive
or level-sensitive using the LVLENXx bit in the ADLVLTRGL or ADLVLTRGH register for the
corresponding channel. If the LVLENX bit is set, the ADC core will be triggered continuously as
long as the trigger signal is asserted. If the LVLENX bit is cleared, the ADC core will be triggered
just once for the transition of the trigger signal. When the level-sensitive triggering is used for the
dedicated SAR ADC core, the corresponding SAMCXEN bit in the ADCONA4L register should be
set to give enough sampling time between conversions. The sampling time is defined by the
corresponding SAMC<9:0> bits in the ADCORERNL register.

49.2 CHANNEL SCAN

If it is necessary to scan several analog channels, this can be done by selecting the same trigger
source for each channel using the TRGSRCn<4:0> bits in the ADTRIGnL or ADTRIGnH register.

493 COMMON SOFTWARE TRIGGER

The conversion of any analog input can be triggered by the Software Common Trigger bit,
SWCTRG (ADCON3L<6>). This option is selected when the corresponding channel bits,
TRGSRCn<4:0>, are set to ‘00001’ in the ADTRIGnL or ADTRIGnH register. The associated
analog inputs will be triggered when the SWCTRG bit is set by the software. This bit is
automatically cleared by hardware, allowing the software to trigger another conversion if needed.

494 COMMON LEVEL-SENSITIVE SOFTWARE TRIGGER

The conversion of any analog input can be triggered by the Software Level-Sensitive Common
Trigger bit, SWLCTRG (ADCON3L<7>). To select this option, the TRGSRCn<4:0> bits must be
set to ‘00010’ in the ADTRIGnL or ADTRIGnH register for the corresponding input channel. The
LVLENXx bit must be set in the ADLVLTRGL or ADLVLTRGH register as well. When the
SWLCTRG bit is set, the associated analog input will be triggered continuously until the
SWLCTRG bit is cleared by the software. When the level-sensitive triggering is used for the
dedicated SAR ADC core, the corresponding SAMCXEN bit in the ADCONA4L register should be
set to give enough sampling time between the conversions. The sampling time is defined by the
corresponding SAMC<9:0> bits in the ADCORERL register.
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495 INDIVIDUAL CHANNEL SOFTWARE TRIGGER

The application can explicitly request a single conversion of any selected analog input, at any
time during program execution, without changing the trigger source configuration of the ADC.
The input to be converted should be specified by the CNVCHSEL<5:0> bits in the ADCON3L
register. The CNVRTCH bit in the ADCONBSL register is used to trigger the conversion. This bit
is automatically cleared by hardware, allowing the application to trigger another conversion if
needed.

4.9.6 TRIGGER SUSPENSION

The ADC module has a special SUSPEND bit in the ADCONB3L register to suspend all triggers
for all ADC cores. When the SUSPEND bit is set, all future triggers for all SAR ADC cores will be
disabled. However, this bit does not cancel the ‘delayed by priority’ triggers and the triggers that
are currently in progress. After the triggers are suspended, the software should poll the
SUSPRDY bit in the ADCONB3L register to make sure that all pending triggers have been
serviced. When the SUSPEND and SUSPRDY bits are set, there are no triggers for all ADC
cores. The SUSPRDY bit event can generate the common ADC interrupt if the SUSPCIE bit is
set in the ADCONBSL register.
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410 Conversion Result

The module contains the data output registers for each analog input to store the A/D results,
called the ADCBUFx (where ‘X’ is the number of the analog channel). The buffers are read-only.
When data is written into a data register, the associated ANxRDY bit in the ADSTATL or
ADSTATH register is set. When an ANxRDY bit is set, an interrupt request is generated. When
a specific data register is read, the associated ANxRDY bit is immediately cleared. If a buffer
location has not been read by the software, and the ADC needs to overwrite that location with a
new conversion result, the previous data is lost.

4.101 FORMAT OF THE ADC RESULT

Writes of data from the A/D Converter into the ADC Result registers pass through the data formatter.
The resulting data is formatted into a 16-bit word.

The data in the ADC Result register can be read in any of the four supported data formats. The
user can select from unsigned integer, signed integer, unsigned fractional or signed fractional
format. Integer data is right justified and fractional data is left justified.

» The integer/fractional data format selection is specified globally for all ADC inputs using the
FORM bit in the ADCON1H register.

» The signed/unsigned data format selection can be independently specified for each individ-
ual input channel using the DIFFx and SIGNx bits in the ADMODnNL or ADMODnNH register,
as described in Section 4.6.2 “ Single-Ended and Pseudodifferential Input Options and
Output Result Format”.

» Output data format depends on the ADC core resolution, specified by the RES<1:0> bits in
the ADCOREnNH register for the dedicated core and by the SHRRES<1:0> bits in the
ADCON1H register for the shared core.

Figure 4-7, Figure 4-8, Figure 4-9 and Figure 4-10 illustrate how a result is formatted.

Figure 4-7: ADC Output Data Formats (12-Bit Resolution)

Analog-to-Digital Conversion Result

d11 |{d10|d09 | d08 | d07 | d0O6 | dO5 | d04 | dO3 | dO2 | dO1 | dOO

Unsigned Integer (SIGNx = 0, FORM = 0)

00| 0| O |d11|{d10|d09|d08 |d07|d06 |d05|d04 |d03|d02|d01|do0

Signed Integer (SIGNx =1, FORM = 0)

S| S| S| S| S |d10|d09|d08|d07|d06|d05|d0o4|d03|d02|d01|d0o

Fractional (SIGNx = 0, FORM = 1)

d11 | d10|d09 | d08 | d07 | d0O6 | dO5 | dO4 | d03 | d02 {d01|d00O| O | O | O | O

Signed Fractional (SIGNx =1, FORM = 1)

S |d10|d09|d08 |d07 | d06 | d0O5 | d04 | d03 |d02 | d01(d00| O | O | O | O
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Figure 4-8: ADC Output Data Formats (10-Bit Resolution)

Analog-to-Digital Conversion Result

d09 | d08 | d07 | d06 | d05 | d04 | d03 | d02 | d01 | dOO

Unsigned Integer (SIGNx = 0, FORM = 0)

00| O | O |dO9|d08|dO7|d06 |d05|d04|d03|d02|{d01|do0| 1 | O

Signed Integer (SIGNx =1, FORM = 0)

S| S|S| S| S |do8|d07|d06|d05|d04|d03|d02|{d01(d00O| 1 | O

Fractional (SIGNx =0, FORM = 1)

d09 | d08 | d07 | d06 | d05 | d04 | d03 |d02 |{d01|dO0O| 1 | O | O | O | O | O

Signed Fractional (SIGNx =1, FORM = 1)

S |d08|d07|d06 | d05|d04 | d03 |d02|d01|do0| 1 | O | O | O | O | O

Figure 4-9: ADC Output Data Formats (8-Bit Resolution)

Analog-to-Digital Conversion Result

d07 | d06 | d05 | d04 | d03 | d02 | d01 | d00

Unsigned Integer (SIGNx = 0, FORM = 0)

0| 0| 0| O [dO7|d06|d05|d04|d03|d02|{d01|doO| 1 [ O | O [ O

Signed Integer (SIGNx =1, FORM = 0)

S| S| S| S| S |do6|d05|d04|d03|d02|{d01|doO| 1 [ O | O [ O

Fractional (SIGNx =0, FORM = 1)

d07 | d06 | d05 | d04 | d03 | d02 | d01 |d00| 1 ojojojo|0O0|O0]|O

Signed Fractional (SIGNx =1, FORM =1)

S |d06|d05|d04 |d03|d02|d01|doOf 1 | O | O | O | O |O | OO
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Figure 4-10:

ADC Output Data Formats (6-Bit Resolution)

Analog-to-Digital Conversion Result

do5

do4

do3

do2

do1

doo

Unsigned Integer (SIGNx = 0, FORM = 0)

0| 0| 0| O [dO5|d04|d03|d02{d0O1|dOO| 1 | O | O | O | O | O
Signed Integer (SIGNx =1, FORM = 0)

S| S| S| S| S |do4|{d03|d02{dO1|doO| 1 | O | O | O | O | O
Fractional (SIGNx =0, FORM = 1)

d05|d04 | d03 |d02 |d01|do0O| 1 | O | O | O|O|O|O|O]|O0O]|O
Signed Fractional (SIGNx =1, FORM =1)

S |d04|d03|d02|do1|do0f 2 | O | O | O|O|O|O|O]|O|O
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4.11 Digital Comparator

The ADC module features multiple digital comparators that can be used to monitor selected
analog input conversion results and generate an interrupt when a conversion result is within, or
not within, the user-specified limits. The comparison occurs automatically once the conversion is
complete. The digital comparator is enabled by setting the Digital Comparator Enable bit,
CMPEN, in the ADCMPNCON register.

An interrupt is generated when the Analog-to-Digital conversion result is in between or higher, or
lower than the high and low limit values specified by the ADCMPnLO and ADCMPnHI registers.
The CMPENX bits in the ADCMPnENL/H registers are used to specify which analog inputs are
monitored by the digital comparator. The limit values written to ADCMPnLO and ADCMPnHI
must match the data format selected by the FORM bit in the ADCON1H register, and the DIFFx
and SIGNx bits in the ADMODNnNL/H registers.

The ADCMPNCON register specifies the comparison conditions that will generate an interrupt:

* When BTWN =1, an event is generated when ADCMPnLO < ADCBUFx < ADCMPnHI
* When HIHI = 1, an event is generated when ADCBUFx > ADCMPnHI

* When HILO = 1, an event is generated when ADCBUFx < ADCMPnHI

* When LOHI = 1, an event is generated when ADCBUFx > ADCMPnLO

* When LOLO =1, an event is generated when ADCBUFx < ADCMPnLO

The comparator event generation is illustrated in Figure 4-11. When the ADC generates a conver-
sion result, the digital comparator compares the ADC result for the selected channels with the high
and low limit values (depending on the selected comparison criteria in the ADCMPNRCON register).
If a comparator event occurs, the Comparator Event Status bit, STAT, is set and the Input Channel
Number bits, CHNL<4:0>, are automatically updated in the ADCMPnCON register so that the
application knows which analog input generated the event. Reading the CHNL<4:0> bits clears the
STAT flag. The comparator can generate individual and common interrupts if the IE bit in the
ADCMPNCON register is set.

Note:  The application must format the values contained in the ADCMPnLO and
ADCMPnHI registers to match the converted data format as either signed or

unsigned, and fractional or integer.

Figure 4-11:  Digital Comparator

ADCBUFx

LoLO
—»| ADCBUFx < ADCMPnLO 7
CMPEN
| »| ADCBUFx = ADCMPNLO y
* " LOHI
—P
BTWN
- ADCBUFx > ADCMPnLO Comparator
:D—'/ > Interrupt
o HILO Logic
| »| ADCBUFx < ADCMPnHI -
A
| | ADCBUFx = ADCMPnHI "
L »| ADCBUFx > ADCMPnHI
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4.12 Oversampling Digital Filter

The ADC module may support multiple oversampling digital filters. The filter consists of an accumu-
lator and a decimator (down-sampler), which function together as a low-pass filter. By sampling an
analog input at a higher than required sample rate, and then processing the data through the
filter, the effective resolution of the ADC module can be increased at the expense of decreased
conversion throughput. For example, using 4x oversampling yields one extra bit of resolution,
16x oversampling yields two extra bits of resolution, 64x oversampling provides three extra bits
of resolution and 256x oversampling provides four extra bits of resolution.

To perform a conversion using the oversampling digital filter:

1. Select the oversampling ratio with the OVRSAM<2:0> bits in the ADFLNCON register.
2. Set the sample time for subsequent conversions:

» For dedicated ADC core inputs, enable a delay between the trigger and the conversion
start by setting the corresponding SAMCXEN bit in the ADCONA4L register, and select
the sample time of the recurring conversions using the SAMC<9:0> bits in the
ADCORERNL register

» For shared ADC core inputs, select the sample time using the SHRSAMC<9:0> bits in
the ADCON2H register

3. Select the specific analog input to be oversampled by configuring the FLCHSEL<4:0> bits
in the ADFLnCON register.

4. Select the Averaging or Oversampling mode using the MODE<1:0> bits in the ADFLnCON
register.

5. Enable the oversampling filter by setting the FLEN bit.

Once the oversampling digital filter is configured, it waits for an input channel trigger to initiate the
oversampling process. The trigger causes the accumulator to be cleared and initiates the first
conversion. After this initial trigger from the input channel, all of the next triggers are generated
by the filter itself automatically. Once each conversion request has been processed, sampling is
initiated based on the values of the SAMC<9:0> or SHRSAMC<9:0> bits for dedicated, or shared
ADC core, respectively. This process continues until the required number of samples (4, 8, 16,
32, 64, 128 or 256) has been converted. When the converted samples have been summed, the
output is transferred to the ADFLnDAT register and the RDY bit in the ADFLNCON register is set.
Reading the ADFLnDAT register clears the RDY flag. The filter will generate individual and com-
mon interrupts if the IE bit in the ADFLNCON register is set. The filter does not support the
fractional data format; if the filter is used, the FORM bit in the ADCON1H register must be ‘0.
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Figure 4-12 illustrates 4x oversampling on an input for the dedicated ADC core. Prior to the trigger,
the ADC core is tracking the input signal. The trigger starts the oversampling process. When the
sampling delay defined by the SAMC<9:0> bits has elapsed, the conversion is started. Then, a new
sampling/conversion sequence occurs. After each sample is converted, it is added to the accumu-
lator. The sequence repeats until the number of samples specified by the OVRSAM<2:0> bits field
has been accumulated. When the last sample has been converted, its value is added to the
accumulator. The result is formatted as defined by the MODE<1:0> bits and then stored in the
ADFLnDAT register. Reading the ADFLNnDAT register clears the RDY flag.

Figure 4-12:  4x Oversampling of an Analog Input for Dedicated ADC Core

Initial Trigger Starts Conversion After (SAMCx+2) Tap, an
Process Oversampling Trigger Occurs

'

|
|
SAMPLE SAMPLE SAMPLE SAMPLE
| (SAMCx+2) CONVERT (SAMCx+2) CONVERT (SAMCx+2) CONVERT (SAMCx+2) CONVERT
; TAD TAD TAD TAD
' 7'y
|
:
Prior to Trigger, the Conversion Results are Added to Last Conversion Result is
Core Tracks the Input Accumulator Added to Accumulator, the

Final Sum is Written to
ADFLNDAT Register

Figure 4-13 illustrates 4x oversampling using an input for the shared ADC core. The input
channel trigger initiates sampling for the length of time defined by the SHRSAMC<9:0> bits.

Figure 4-13:  4x Oversampling of an Analog Input for Shared ADC Core

Initial Trigger Starts Conversion After (SHRSAMCx+2) Tap, an
Process Oversampling Trigger Occurs

g \

|
- SAMPLE SAMPLE SAMPLE SAMPLE
———— (SHRSAMCx+2) CONVERT (SHRSAMCx+2) CONVERT (SHRSAMCx+2) CONVERT (SHRSAMCx+2) CONVERT

TAD TAD TAD TAD
Prior to Trigger, the Shared Conversion Results are Added to Last Conversion Result is
Core is Disconnected from Accumulator Added to Accumulator, the
the Input Final Sum is Written to

ADFLnDAT Register
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4.13 Interrupts

The ADC module can generate individual interrupts for a variety of sources. Also, the common
interrupt is called for all ADC events. An early interrupt feature is available to compensate for
interrupt servicing latency. After an enabled interrupt is generated, the CPU will jump to the vector
assigned to that interrupt. The CPU then begins executing code at the vector address. The appli-
cation at this vector address should perform the required operations, such as processing the data
results, clearing the interrupt flags and then exiting. The interrupt controller flags cannot be
cleared until the corresponding event flags are cleared or the corresponding interrupts are
disabled in the ADC module.

4.131 INDIVIDUAL INTERRUPTS

Many events generated by the ADC have their own unique interrupt vectors. This can signifi-
cantly optimize the servicing of multiple ADC events by keeping each Interrupt Service Routine
(ISR) focused on efficiently handling a specific event.

Individual interrupts are generated from the following events:

* Individual Input Data Ready Event: Upon completion of a conversion from an analog input
source (ANXx), the corresponding ANxRDY bit associated with that input becomes set in the
ADSTATL/H registers. Each of the ANxRDY bits is associated with its own ADCANXIF inter-
rupt flag at the device level. To clear the ADC Interrupt Controller Flag, ADCANXIF, the
ANXxRDY bit must be cleared first by reading the ADCBUFx register. To enable the
individual input channel interrupt, the corresponding IEx bit must be set in the ADIEL or
ADIEH register.

+ Digital Comparator Event: When a conversion’s comparison criteria is met for the enabled
digital comparator, the STAT bit becomes set in the ADCMPNnCON register. Each of the
digital comparators is capable of generating its own device-level interrupt, controlled by the
DCMPxIF flag, when the corresponding STAT bit is set. To clear the DCMPXxIF interrupt
controller flag, the STAT bit must be cleared first by reading the CHNL<4:0>bits in the
ADCMPRNCON register. To enable the individual comparator interrupt, the corresponding IE
bit must be set in the ADCMPNCON register.

» Oversampling Filter Data Ready Event: When an oversampling filter has completed the
accumulation/decimation process and has stored the result, the RDY bit becomes set in the
ADFLNCON register. Each of the oversampling filters is capable of generating its own
device-level interrupt, controlled by the ADFLTRXIF flag, when the corresponding RDY bit
is set. To clear the ADFLTRXIF interrupt controller flag, the RDY bit must be cleared first by
reading the ADFLnDAT register. To enable the individual filter interrupt, the corresponding
IE bit must be set in the ADFLnCON register.

As with other interrupts, the corresponding interrupt controller enable bits (ADCANXIE, DCMPXIE
or ADFLTRXxIE) must be set in order for the application to vector to the ISR when their interrupt
flags are set.
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4.13.2 COMMON INTERRUPT

One common interrupt is used for all ADC events. Any interrupt event enabled in the ADC module
sets the ADCIF flag in the interrupt controller. This common ADC Interrupt Flag (ADCIF) stays set
and cannot be cleared until all status flags enabled in the ADC module are cleared or the
corresponding interrupts are disabled in the ADC module. The common interrupt is generated:

» For each individual input data ready interrupt event when the corresponding IEx bit is set in
the ADIEL or ADIEH register.

« For each digital comparator interrupt event when the corresponding IE bit is set in the
ADCMPNCON register.

» For each oversampling filter interrupt event when the corresponding IE bit is set in the
ADFLNnCON register.

» For each ADC core power ready event when the corresponding CxCIE or SHRCIE bit is set
in the ADCONS5H register. The power ready events flags (CxRDY and SHRRDY in the
ADCONSL register) stay set when the used ADC cores are active. Thus, after the event is
detected, the corresponding interrupts must be disabled (CxCIE = 0 and SHRCIE = 0) to
clear the ADCIF flag.

* When the SUSPCIE bit is set in the ADCONSL register for the event when the ADC
triggers are suspended. The All ADC Cores Suspended flag (SUSPRDY in the ADCON3L
register) stays set until the ADC triggers are resumed by clearing the SUSPEND bit in the
ADCONBSL register. Thus, after the event is detected, the corresponding interrupt must be
disabled (SUSPCIE = 0) to clear the ADCIF flag.

* When the REFCIE and REFERCIE bits in the ADCONZ2L register are set for the reference
voltage ready, and the reference voltage Fault events, respectively. The event flags
(REFRDY and REFERR in the ADCON2H register) can stay set until the ADC is disabled
by the ADON bit in the ADCON1L register. Thus, after the events are detected, the
corresponding interrupts must be disabled (REFCIE = 0 and REFERCIE = 0) to clear the
ADCIF flag.

As with other interrupts, the corresponding ADC Interrupt Enable bit, ADCIE, must be set in order
for the application to vector to the common ISR.
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4.13.3 EARLY INTERRUPTS

The early interrupt can improve the throughput of a system by overlapping the completion of the
ADC conversion with the processor overhead associated with an interrupt. To use this feature,
the EIEN bit in the ADCONZ2L register should be set. If this bit is set, common and individual inter-
rupts for all cores (input channels) will be executed prior to completion of the conversion. When
the early interrupt for the input channel is generated, the corresponding EISTATXx bit is set in the
ADEISTATL or ADEISTATH register. The EISTATx flag is cleared when the corresponding
ADCBUFXx register is read. The interrupt is enabled for each input channel, individually, using the
EIEx bit in the ADEIEL or ADEIEH register.

Even though the input is still in the conversion process, the application software can use the
“head start” to begin execution of the entry into the ISR.

The value stored in the EISEL<2:0> bits in the ADCORERNH register for the dedicated ADC cores,
and the SHREISEL<2:0> bits in the ADCON2L register for the shared ADC core inputs,
determines the number of TADCORE clock cycles that the ADC core early interrupt will execute
prior to the completion of the conversion.

Early interrupts can reduce the latency from the moment the analog input was triggered, until the
point in time when the application software can use the data. On a conversion request, the early
interrupt option allows the corresponding analog input interrupt to be processed without any
latency (zero latency).

Note 1: The early interrupts are enabled for all cores (input channels) at the same time
(EIEN bit=1). Itis not possible to select the early interrupt feature for each channel
individually, but the early interrupt latency (timing) can be set separately for each
SAR ADC core (EISEL<2:0> bits for dedicated cores and SHREISEL<2:0> bits for
the shared core).

2. When early interrupts are enabled, the settings in the ADIEL and ADIEH registers
have no effect. To enable interrupts, the ADEIEL and ADEIEH registers should be
used instead.

3: For the 6-bit ADC core resolution (RES<1:0> or SHRRES<1:0> = 00), the
EISEL<2:0> or SHREISEL<2:0> settings, from ‘100’ (5 TADCORE) to ‘111’
(8 TADCORE), are not valid and should not be used. For the 8-bit ADC core resolution
(RES<1:0> or SHRRES<1:0> = 01), the EISEL<2:0> or SHREISEL<2:0> settings,

110’ (7 TADCORE) and ‘111’ (8 TADCORE), are not valid and should not be used.
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4.14 Capacitive Voltage Divider (CVD)

The shared core of the ADC can include a hardware for the Capacitive Voltage Divider (CVD)
algorithm support. This feature is not available on all devices. Refer to the specific device data sheet
to see if the CVD feature is implemented. The CVD allows measuring a capacitance connected to
the ADC input. It can be used to detect an event of touch in touch sensor applications.

To add an analog input to the CVD scan list, the corresponding bit in the ADCSSL or ADCSSH
register must be set. The CVD feature can be enabled by the CVDEN bit in the ADCON1L
register only after the ADC is enabled and calibrated. When the CVDEN bit is set, the CVD
hardware automatically runs the CVD sequence on all inputs selected in the ADCSSL and
ADCSSH registers.

The CVD measurement algorithm consists of two phases, Sample A and Sample B:

» Sample A: The Capacitive Sensor, CSENSOR, is connected to the 1/0 power (VDD,
charged). The internal ADC Sample-and-Hold Capacitor, CHOLD, is connected to ground
(GND, discharged), as shown in Figure 4-14, Step 1. Then, both capacitors are connected
in parallel for half of the sampling time, set by the SHRSAMC<9:0> bits in the ADCCON2H
register; as shown in Figure 4-14, Step 2. After the sampling, the charge between
capacitors is settled. The resulting voltage is proportional to a ratio of the CSENSOR and
CSENSOR + CHOLD capacitances. Then, this voltage is converted by the ADC shared core,
the corresponding channel ADxRDY flag is set in the ADSTATL or ADSTAH register, the
result is stored in the ADCBUFXx register and an individual channel interrupt is generated.

» Sample B: The Capacitive Sensor, CSENSOR, is connected to ground (GND, discharged).
The internal ADC Sample-and-Hold Capacitor, CHOLD, is connected to the 1/0 power (VDD,
charged), as shown in Figure 4-14, Step 3. Then, both capacitors are connected in parallel
for half of the sampling time, set by the SHRSAMC<9:0> bits in the ADCCONZ2H register;
as shown in Figure 4-14, Step 4. After sampling, the charge between capacitors is settled.
The resulting voltage is proportional to a ratio of the CHOLD and CSENSOR + CHOLD
capacitances. Then, this voltage is converted by the ADC shared core, the corresponding
channel ADxRDY flag is set in the ADSTATL or ADSTAH register, the result is stored in the
ADCBUFx register and an individual channel interrupt is generated.
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Figure 4-14:  CVD Connection Diagrams for Sample A and Sample B
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Equation 4-2 shows the relationship between the CVD result and the capacitances of CSENSOR
and CHOLD:

Equation 4-2:  CVD Result Calculation for 12-Bit Resolution
Sample A— Sample B = 4095 x VeD CSENSOR — CHOLD
VR+ —\VR-  CSENSOR + CHOLD
Where:

i+ = Positive Reference Voltage
Wr- = Negative Reference Voltage

To ensure maximum sensitivity, CSENSOR should have a similar value as CHOLD, which can be
done by adding an additional capacitance to CHOLD using the CVDCAP<2:0> bits in the
ADCCONZ2H register.

When CVD is enabled (CVDEN bit is set), the Digital Comparator O (if it is implemented on the device)
is automatically linked to the CVD hardware, and it can be used to generate a comparator event and
interrupt. The Digital Comparator O operates as described in Section 4.11 “Digital Comparator”
with just one difference: in CVD mode, the channel selections in the ADCMPOENL and ADCMPOENH
registers are ignored; the Digital Comparator 0 monitors only the Sample A — Sample B value for the
current CVD channel. The analog input that caused the event is stored in the CHNL<4:0> bits in the
ADCMPOCON register. Also, if an event is detected, then the Sample A — Sample B value is stored
in the ADCVDDAT register in signed format.
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5.0 APPLICATION EXAMPLES
To use the 12-Bit High-Speed, Multiple SARs A/D Converter:

1.

10.

1.

12.

13.

Configure the I/O pins to be used as analog inputs by setting the corresponding bits in the
ANSELx and TRISx registers.

Select the common ADC clock source and configure the prescaler using the
CLKSEL<1:0> and CLKDIV<5:0> bits in the ADCON3H register.

Select the clock period for each ADC core using the ADCS<6:0> bits in the ADCORENH
registers, and the SHRADCS<6:0> bits in the ADCONZ2L register, for the dedicated and
shared cores, respectively.

Configure the ADC reference sources using the REFSEL<2:0> bits in the ADCONB3L register.

Select the result resolution for each ADC core using the RES<1:0> bits in the ADCORENH
registers, and the SHRRES<1:0> bits in the ADCON1H register, for the dedicated and
shared cores, respectively.

Configure the data output format for integer or fractional using the FORM bit in the
ADCON1H register.

Select single or differential input configuration, and output format for each input channel,
using the DIFFx and SIGNx bits in the ADMODnNL or ADMODnNH registers.

If the shared ADC core is used, configure the Shared ADC Core Sample Time Selection
bits, SHRSAMC<8:0>, in the ADCON2H register.

Configure and enable the ADC interrupts.

Set the ADON bit in the ADCON1L register to enable the module and set the
WARMTIME<3:0> bits in the ADCONS5H register to provide at least 10 pS for the initialization.

Turn on the module power:

a) Setthe CxPWR and SHRPWR bits in the ADCONSL register.

b) Poll the CxRDY or SHRRDY bits in the ADCONS5L register until they are set.
c) Setthe CxEN or SHREN bits in the ADCON3H register.

Calibrate all ADC cores using the ADCALNL and ADCALNH registers:

a) Setthe CALXEN and CSHREN bits.

) Clear the CALXxDIFF and CSHRDIFF bits.

) Set the CALXRUN and CSHRRUN bits.
)
)

o O T

Poll the CALXRDY and CSHRRDY bits until they are set.
Set the CALXDIFF and CSHRDIFF bits.

f)  Set the CALXRUN and CSHRRUN bits.

g) Pollthe CALXRDY and CSHRRDY bits until they are set.
h) Clear the CALXEN and CSHREN bits.

Set the trigger source for each analog input in the corresponding ADTRIGnL or
ADTRIGnNH registers.

D

The following sections provide some typical examples for using the various features of the ADC.

© 2014-2017 Microchip Technology Inc. DS70005213F-page 57



dsPIC33/PIC24 Family Reference Manual

5.1 Turning On and Calibrating ADC Cores

Example 5-1 shows the procedure to enable and calibrate 2 dedicated, and 1 shared, ADC cores.
The calibration step may not be required for some devices. Refer to the specific device data sheet
to see if the calibration is required and the Calibration registers, ADCALnL and ADCALNH, are
implemented.

Example 5-1: ADC Turn-On and Calibration Procedure

voi d Enabl eAndCal i brat e()
{

/] Set initialization time to nmaximum
ADCON5Hbi t s. WARMTI ME = 15;

/1 Turn on ADC nodul e
ADCON1Lbi ts. ADON = 1;

/1 Turn on anal og power for dedicated core 0O

ADCON5Lbi ts. COPWR = 1;

/1 Vit when the core 0 is ready for operation

whi | e( ADCON5Lbi ts. CORDY == 0);

/1 Turn on digital power to enable triggers to the core O
ADCON3Hbi ts. COEN = 1;

/1 Turn on anal og power for dedicated core 1

ADCON5Lbi ts. CIPVR = 1;

/1 Vit when the core 1 is ready for operation

whi | e( ADCON5SLbi ts. CLRDY == 0);

// Turn on digital power to enable triggers to the core 1
ADCON3Hbi ts. CLEN = 1;

/1 Turn on anal og power for shared core

ADCON5Lbi ts. SHRPVR = 1;

/1 Vit when the shared core is ready for operation

whi | e( ADCON5Lbi ts. SHRRDY == 0);

// Turn on digital power to enable triggers to the shared core
ADCON3Hbi t s. SHREN = 1;

/1 Enable calibration for the dedicated core 0
ADCALOLbi ts. CALOEN = 1;

/1 Single-ended input calibration
ADCALOLbi ts. CALODI FF = 0;

/] Start calibration

ADCALOLbi ts. CALORUN = 1;

/1 Poll for the calibration end
whi | e( ADCALOLbi ts. CALORDY == 0);
// Differential input calibration
ADCALOLbi ts. CALODI FF = 1;

/] Start calibration

ADCALOLbi ts. CALORUN = 1;

/1 Poll for the calibration end
whi | e( ADCALOLbi ts. CALORDY == 0);
/1 End the core 0 calibration
ADCALOLbi ts. CALOEN = O0;
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Example 5-1: ADC Turn-On and Calibration Procedure (Continued)

/! Enable calibration for the dedicated core 1
ADCALOLbi ts. CAL1EN = 1;

/1 Single-ended input calibration
ADCALOLbi ts. CAL1DI FF = 0;

/] Start calibration

ADCALOLbi ts. CALIRUN = 1;

/1 Poll for the calibration end
whi | e( ADCALOLbi ts. CALIRDY == 0);
/1 Differential input calibration
ADCALOLbi ts. CAL1DI FF = 1;

/] Start calibration

ADCALOLbi ts. CALIRUN = 1;

/1 Poll for the calibration end
whi | e( ADCALOLbi ts. CALIRDY == 0);
/1 End the core 1 calibration
ADCALOLbi ts. CAL1EN = O;

/1 Enable calibration for the shared core
ADCAL1Hbi ts. CSHREN = 1;

/1 Single-ended input calibration
ADCAL1Hbi t s. CSHRDI FF = 0;

/1 Start calibration

ADCAL1Hbi ts. CSHRRUN = 1;

/1 Poll for the calibration end
whi | e( ADCAL1Hbi t s. CSHRRDY == 0);

/1 Differential input calibration
ADCAL1Hbi ts. CSHRDI FF = 1;

/1 Start calibration

ADCAL1Hbi ts. CSHRRUN = 1;

/1 Poll for the calibration end
whi | e( ADCAL1Hbi t s. CSHRRDY == 0);

/1 End the shared core calibration
ADCAL1Hbi t s. CSHREN = O;

}
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5.2 Basic Conversion Sequence

A basic sequence for initialization and conversion is shown in Example 5-2. This example
demonstrates the simultaneous sampling and conversion from two dedicated ADC cores. All
inputs are triggered from a single source (Timer2). The individual input ISRs are used to store
the result of the conversion.

Example 5-2: Simultaneous Sample and Conversion for Dedicated ADC Cores
/'l These variables will keep the conversion result.
vol atil e unsigned short dataANoO;
vol atile unsigned short dataAN1;

int mai n()

{

/1 ADC I NI TI ALI ZATI ON

/1 Configure the I/O pins to be used as anal og inputs.

ANSELAbi ts. ANSAO = 1; TRISAbits. TRISAO = 1; // ANO/RAO connected the dedicated core 0
ANSELAbi ts. ANSA1 = 1; TRISAbits. TRISAL = 1; // AN1/RAl connected the dedicated core 1

/1 Configure the common ADC cl ock.

ADCON3Hbi t s. CLKSEL = 2; /1 clock fromFRC oscillator
ADCON3Hbi ts. CLKDI V = 0; /1 no clock divider (1:1)

/1 Configure the cores’ ADC cl ock.

ADCOREOHbi t s. ADCS = 0; /'l clock divider (1:2)
ADCORE1Hbi ts. ADCS = O0; /1 clock divider (1:2)

/1 Configure the ADC reference sources.

ADCON3Lbi ts. REFSEL = 0; /1 Avdd as vol tage reference
/1 Configure the integer of fractional output format.
ADCON1Hbi ts. FORM = O; /'l integer fornat

/'l Sel ect single-ended input configuration and unsigned output fornat.
ADMODOLbi ts. SIGNO = O; /1 ANO/ RAO

ADMODOLbi ts. DI FFO = O; /1 ANO/ RAO

ADMODOLbi ts. SIGNL = O; /1 AN1/ RAl

ADMODOLbi ts. DI FF1 = O; /1 ANl/ RA1

/1 Enable and calibrate the nodule.

Enabl eAndCal i brate(); /'l See Exanple 5-1

/1 Configure and enable ADC interrupts.

ADI ELbits. | EO = 1; /1 enable interrupt for ANO

ADI ELbits. | E1 = 1; /1 enable interrupt for ANl
_ADCANOI F = 0; /1 clear interrupt flag for ANO
_ADCANOI E = 1, /'l enable interrupt for ANO
_ADCANLI F = 0; // clear interrupt flag for ANl
_ADCANLI E = 1, /'l enable interrupt for ANl
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Example 5-2: Simultaneous Sample and Conversion for Dedicated ADC Cores (Continued)

/] Set sane trigger source for all inputs to sanple signals sinultaneously.
ADTRI GOLbi ts. TRGSRCO = 13; /1 timer 2 for ANO
ADTRI GOLbi ts. TRGSRC1 = 13; /1 timer 2 for AN1

/1 TIMER 2 I NI TIALI ZATION (TIMER |'S USED AS A TRI GCGER SOURCE FOR ALL CHANNELS).

T2CONbi ts. TCS = O; /1 clock from peripheral clock

T2CONbi ts. TCKPS = 0; /1 1:1 prescal e

PR2 = 0x8000; /1 rollover every 0x8000 cl ocks

T2CONbi ts. TON = 1; /] start timer to generate ADC triggers
while(1);

return 1,

}

/1 ADC ANO | SR
void __attribute__((interrupt, no_auto_psv)) _ADCANOI nterrupt(void)

{

dat aAN0O = ADCBUFO; /'l read conversion result
_ADCANOI F = 0O; /1 clear interrupt flag
}

/1 ADC AN1 | SR
void __attribute__((interrupt, no_auto_psv)) _ADCANLI nterrupt(void)

{

dat aAN1 = ADCBUF1,; /'l read conversion result
_ADCANLI F = O; /1 clear interrupt flag
}
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5.3 Digital Comparator

The digital comparator allows monitoring selected analog input conversion results. For the digital
comparator module, the recommended initialization sequence is:

1. Set high and low thresholds in the ADCMPnLO and ADCMPnHI registers in the format
selected for the output data in the ADCBUFXx registers.

2. Select analog inputs for the comparison by setting the corresponding bits in the
ADCMPNENL/H registers.

3. Set the comparator event rules using the BTWN, HIHI, HILO, LOHI and LOLO bits in the
ADCMPNCON register.

4. Configure and enable the ADC digital comparator interrupt.
5. Set the CMPEN bit in the ADCMPNCON register to enable the comparator.

Example 5-3 demonstrates using the digital comparator to detect voltages for two analog inputs
that are outside the thresholds defined in ADCMPNnLO and ADCMPnHI.

Example 5-3: Using the Digital Comparator

/1 This variable will contain the anal og i nput nunber
/1 which has generated an event for the digital conparator.
vol atil e unsi gned short conparat or Channel Nurber ;

/1 These variables will keep the conversion result.
vol atil e unsi gned short dat aANO;
vol atil e unsi gned short dataANi;

i nt mai n()

{

/1 ADC I NI TI ALI ZATI ON

/1 Configure the 1/O pins to be used as anal og i nputs.

ANSELAbi ts. ANSAO = 1; TRISAbits. TRISAO = 1; // ANO/RAO connected the dedicated core 0
ANSELAbi ts. ANSA1 = 1; TRISAbits. TRISAL = 1; // AN1/RAl connected the dedicated core 1

/1 Configure the common ADC cl ock.

ADCON3Hbi t s. CLKSEL = 2; /1 clock from FRC oscillator
ADCON3Hbi t s. CLKDI V = 0; /1 no clock divider (1:1)

/1 Configure the cores’ ADC clock.

ADCOREOHbI t s. ADCS = O; /1 clock divider (1:2)
ADCORE1Hbi ts. ADCS = O; /1 clock divider (1:2)

/1 Configure the ADC reference sources.

ADCON3Lbi ts. REFSEL = O; /1 Avdd as vol tage reference
/1 Configure the integer of fractional output fornmat.

ADCON1Hbi t s. FORM = 0; /1 integer format

/1 Sel ect single-ended input configuration and unsi gned output format.

ADMCODOLbi ts. SIGNO = O; /1 ANO/ RAO
ADMCDOLbi ts. DI FFO = 0; /1 ANO/ RAO
ADMODOLbi ts. SI GNL = 0; /1 ANl/ RA1
ADMCDOLbi ts. DI FF1 = 0; /1 AN1/ RAl

/1 Enable and calibrate the nodul e.

Enabl eAndCal i brate(); /'l See Exanple 5-1

/1 Configure and enable ADC interrupts.

ADI ELbits. | E0O = 1; /1 enable interrupt for ANO
ADI ELbits. | E1 = 1; /1 enable interrupt for ANl

_ADCANOI F = 0; /1 clear interrupt flag for ANO
_ADCANOI E = 1; /'l enable interrupt for ANO
_ADCANLI F = O; /1 clear interrupt flag for ANL
_ADCANLI E = 1; /1 enable interrupt for ANl
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Example 5-3: Using the Digital Comparator (Continued)

/1 Set same trigger source for all inputs to sanple signals sinultaneously.
ADTRI QOLbi ts. TRGSRCO = 13; /Il timer 2 for ANO
ADTRI QLbi ts. TRGSRC1 = 13; /Il timer 2 for ANl

/1 TIMER 2 INITIALI ZATION (TIMER | S USED AS A TRI GGER SOQURCE FOR ALL CHANNELS).

T2CONbi ts. TCS = O; /1 clock from peripheral clock

T2CONbi ts. TCKPS = 0; /1 1:1 prescale

PR2 = 0x8000; /1 rollover every 0x8000 cl ocks

T2CONbi ts. TON = 1; /] start timer to generate ADC triggers

/1 DI G TAL COMPARATOR | NI TI ALI ZATI ON.

/1 Set high and | ow threshol ds.

ADCMPOLO = 1024;

ADCMPOHI = 4096- 1024;

/'l Sel ect analog inputs for the conparison.

ADCMPOENLbi ts. CMPENO = 1; /1 ANO

ADCMPOENLDbi t s. CMPENL 1; /1 ANL

/'l Set the conparator event rule.

ADCMPOCONbi ts. LOLO = 1; /] Generate interrupt if input level is outside w ndow
ADCMPOCONbi ts. HHHI = 1; /'l specified by ADCMPOLO and ADCMPOHI .
/'l Enable the ADC Digital Conparator interrupt.

ADCMPOCONbi ts. | E = 1;

_ADCMPOI F = 0;

_ADCMPOI E = 1;

/'l Enabl e the conparator.

ADCMPOCONbi t s. CMPEN = 1;

while(1);

return 1,

}

/1 ADC COVPARATOR | SR

/1 1f the conversion result for ANO or ANl is | ess than ADCMPOLO or nore than ADCMPOHI,

/1 the interrupt is generated

void __attribute_ ((interrupt, no_auto_psv)) _ADCMPOI nterrupt(void)

{

conpar at or Channel Nunber = ADCMPOCONDI ts. CHN\L; /'l read the channel nunber
/1 that generated interrupt

_ADCMPOI F = 0; /'l clear interrupt flag

}

/1 ADC ANO | SR

void __attribute_ ((interrupt, no_auto_psv)) _ADCANOI nterrupt(void)

{

dat aANO = ADCBUFO; /1 read conversion result

_ADCANOI F = 0; /'l clear interrupt flag

}
/1 ADC ANl | SR
void __attribute_ ((interrupt, no_auto_psv)) _ADCANLI nterrupt(void)

{

dat aAN1 = ADCBUF1; /1 read conversion result
_ADCANLI F = 0; /'l clear interrupt flag
}
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54 Oversampling Filter

The oversampling filter can help to increase the resolution or to filter the noise. The general
initialization procedure for the oversampling filter is:

1. Select the analog input for the filter using the FLCHSEL<4:0> bits in the ADFLNCON register.
2. Set the Filter mode using the MODE<1:0> bits in the ADFLnCON register.

3. Set the desired oversampling factor using the OVRSAM<2:0> bits in the ADFLNCON register.

4

Set the correct sampling time using the SAMC<9:0> bits in the ADCORERNL register for
the dedicated ADC core and the SHRSAMC<9:0> bits in the ADCONZ2H register for the
shared core.

5. Configure and enable the ADC oversampling filter interrupt.
6. Setthe FLEN bit in the ADFLnCON register to enable the filter.

Example 5-4 demonstrates the filtering for the analog input connected to the dedicated ADC core.

Example 5-4: Using the Oversampling Filter

/1 This variable will contain the output data fromthe oversanpling filter.
vol atile unsigned short filterData,;

i nt mai n()
{
/1 ADC I NI TI ALI ZATI ON

/1 Configure the I/O pins to be used as anal og inputs.

ANSELAbi ts. ANSAO = 1; TRISAbits. TRISA0O = 1; // ANO/RAO connected the dedicated core 0O

/1 Configure the common ADC cl ock.

ADCON3Hbi ts. CLKSEL = 2; /1 clock fromFRC oscillator
ADCON3Hbi t s. CLKDI V = 0; /1 no clock divider (1:1)

/1 Configure the cores’ ADC cl ock.

ADCOREOHbi t s. ADCS = O0; /1 clock divider (1:2)

/1 Configure the ADC reference sources.

ADCON3Lbi ts. REFSEL = O0; /1 Avdd as vol tage reference
/1 Configure the integer of fractional output format.
ADCON1Hbi ts. FORM = 0; /1 integer fornat

/1 Sel ect single-ended input configuration and unsigned output fornmat.
ADMODOLbi ts. SIGNO = O; /1 ANO/ RAO
ADMCODOLbi ts. DI FFO = O; /1 ANO/ RA1

/1 Enable and calibrate the nodul e.
Enabl eAndCal i brate(); /'l See Exanple 5-1

/1 Set software conmmon trigger as ANO input trigger source.
ADTRI QLbi ts. TRGSRCO = 1;

/| OVERSAMPLI NG FILTER | NI TI ALI ZATI ON.

ADFLOCONbi ts. FLCHSEL = 0; /1 Select the ANO input for the filter.
ADFLOCONbi ts. MODE = 3; /1 Averaging, 12-bit result.
ADFLOCONbi t s. OVRSAM = 6; /1 128X
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Example 5-4: Using the Oversampling Filter (Continued)
/1 Enabl e del ay between trigger and the conversion start (SAMC bits).
ADCON4Lbi ts. SAMCOEN = 1;
/1 Set sanmpling tinme (10x Tad)
ADCOREOLDbi t s. SAMC = 10;

/1 Enable the filter.
ADFLOCONbi ts. FLEN = 1;

whi | e(1)
{
/] Generate Software Conmmon Trigger
ADCON3Lbi ts. SWCTRG = 1;

/1 Wait for the filter result is ready.
whi | e( ADFLOCONbi t s. RDY == 0);

/1 Read result (it will clear RDY bit)
filterData = ADFLODAT;

}

return 1;

}
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5.5 Early Interrupts

The early interrupt can improve the throughput of a system by overlapping the completion of the ADC
conversion with the processor overhead associated with an interrupt. The code in Example 5-5
shows the early interrupts usage. In this example, interrupts for the Dedicated Core 0 and the shared
core are generated before the conversion completion (1 TAD cycle for the dedicated core and 4 TAD
cycles for the shared core).

Example 5-5: Using Early Interrupts

vol atile unsigned short dataANO;
vol atile unsi gned short dataAN2;

int mai n()
{
/1 ADC | NI TI ALI ZATI ON

ANSELADbi ts. ANSAO = 1; TRI SAbits. TRI SAO
ANSELADbi ts. ANSA2 = 1; TRI SAbits. TRI SA2
/'l Configure the common ADC cl ock.
ADCON3Hbi ts. CLKSEL = 2;

ADCON3Hbi ts. CLKDI V = 0;

/1 Configure the cores’ ADC cl ock.
ADCOREOHbi t s. ADCS = 0;

ADCON2Lbi t s. SHRADCS = 0;

ADCON2Hbi t s. SHRSAMC = 10;

/1 Configure the ADC reference sources.
ADCON3Lbi ts. REFSEL = 0;

/'l Configure the integer of fractional
ADCON1Hbi t s. FORM = 0;

ADMODOLbi ts. SIGNO = O;

ADMODOLbi ts. DI FFO = 0;

ADMODOLbi ts. SIG\N2 = 0;

/'l Enabl e and calibrate the nodul e.
Enabl eAndCal i brate();

ADCOREOHbi ts. EI SEL = O;
ADCORE1Hbi ts. EI SEL = 3;
ADCON2Lbi ts. EI EN

ADEI ELbi t s. EI ENO
ADEIl ELbi ts. EIEN2 = 1;

non
Loy

_ADCANOI F = 0;
_ADCANOI E = 1;
_ADCAN2I F = 0;
_ADCANZI E = 1

/'l These variables will keep the conversion result.

/1 Configure the I/O pins to be used as anal og inputs.

/1 Configure sanple time for shared core.

/'l Sel ect single-ended input configuration and unsigned output fornat.

/1 Configure and enable early ADC interrupts.

/] dedicated core
/'l shared core

= 1; // ANO/RAO connected the dedicated core 0
= 1; // AN2/RA2 connected the shared core

/1 clock from FRC oscillator
/1 no clock divider (1:1)

/] dedicated core clock divider (1:2)
/'l shared core clock divider (1:2)

/1 12 TAD sanple tine

/1 Avdd as voltage reference
out put format.
/1 integer format

/1 ANO/ RAO
/1 ANO/ RAO
/1 AN2/ RA2

/'l See Exanple 5-1

/] early interrupt is generated 1 TADCORE cl ock prior
/1 to when the data is ready

/] early interrupt is generated 4 TADOCRE cl ocks prior
/1 to when the data is ready

/'l enable early interrupts for ALL inputs

/1 enable interrupt for ANO

// enable interrupt for AN2

// clear interrupt flag for ANO

/'l enable interrupt for ANO

Il clear interrupt flag for AN2

/1 enable interrupt for AN2
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Example 5-5: Using Early Interrupts (Continued)

/1 Set sane trigger source for all inputs to sanple signals sinultaneously.
ADTRI QLbi ts. TRGSRCO = 13; /1 timer 2 for ANO

ADTRI QHbi ts. TRGSRC2 = 13; /1 timer 2 for AN2

/1 TIMER 2 I NITIALI ZATION (TIMER | S USED AS A TRI GGER SOURCE FOR ALL CHANNELS) .
T2CONbi ts. TCS = 0; /1 clock from peripheral clock
T2CONbi ts. TCKPS = 0; /1 1:1 prescale

PR2 = 0x8000; /1 rollover every 0x8000 cl ocks
T2CONbi ts. TON = 1; /] start timer to generate ADC triggers
while(1);

return 1;

}

/1 ADC ANO | SR ( DEDI CATED CORE)
void __attribute_ ((interrupt, no_auto_psv)) _ADCANOI nterrupt(void)

{

dat aANO = ADCBUFO; /'l read conversion result
_ADCANOI F = 0; /1 clear interrupt flag
}

/1 ADC AN2 | SR ( SHARED CORE)
void __attribute__ ((interrupt, no_auto_psv)) _ADCAN2I nterrupt(void)

{

dat aAN2 = ADCBUF2; /1 read conversion result
_ADCAN2I F = 0; /1 clear interrupt flag
}
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5.6 Capacitive Voltage Divider (CVD)

The CVD allows measuring a capacitance connected to the ADC input. It can be used to detect
an event of touch in touch sensor applications. The sensor capacitance is bigger when the
sensor is touched. The code in Example 5-6 shows the CVD feature usage. In this example, CVD
scans 2 inputs and Digital Comparator 0 detects when the capacitance is changed on these
inputs (capacitive touch sensor is pressed).

Example 5-6: Using CVD

/1 These variables will keep the CVD result.
vol atil e short dataANSCVDSanpl eA;
vol atil e short dat aANsSCVDSanpl eB;

vol atil e short dat aAN6CVDSanpl eA;
vol atil e short dataAN6CVDSanpl eB;
vol atil e short dataCVDResult;

/Il These variable will contain the CVD input nunber
/'l for the touched sensor.
vol atil e short conpar at or Channel Nunber ;

int main()

{

/1 ADC | NI TI ALI ZATI ON

/1 Configure the I/O pins to be used as anal og inputs.

/1 Only shared core inputs support CVD.

ANSELBbi ts. ANSB10 = 1; TR SBbits. TRISB10 = 1; // AN5/RB10 connected the shared dedicated core 0
ANSELBbi ts. ANSB1 = 1, TR SBbits. TR SB1L = 1; // AN6/RB1 connected the dedicated core 1

/1 Configure the common ADC cl ock.

ADCON3Hbi ts. CLKSEL = 2; /'l clock fromFRC oscillator (7.3728 Miz)
ADCON3Hbi t s. CLKDI V = 0; /1 no clock divider (1:1)

/'l Configure the cores’ ADC cl ock.

ADCOREOHbi t s. ADCS = 0; /1 clock divider (1:2)

ADCORE1Hbi t s. ADCS = O; /1 clock divider (1:2)

ADCON2Lbi ts. SHRADCS = 0; /'l clock divider (1:2) for shared core
/1 Configure the ADC reference sources.

ADCON3Lbi ts. REFSEL = O0; /1 Avdd as voltage reference

/1 Configure the integer of fractional output format.

ADCON1Hbi ts. FORM = 0; /1 integer format

/1 Sel ect single-ended input configuration and unsi gned output format.

ADMODOLbi ts. SIGN5 = O; /1 AN5/ RB10

ADMODOLbi ts. SIGN6 = O; /1 AN6/ RB1

/1 Add AN5 and AN6 to CVD scan i st
ADCSSLbi t s. CSS5 1; /1 AN5
ADCSSLbi t s. CSS6 1; /1 AN6

/1 Disable all triggers for CVD inputs.

/1 Conversions for these channels will be triggered by CVD.
ADTRI GlLbi ts. TRGSRC5 = 0; /1 AN5

ADTRI GlLHbi t s. TRGSRC6 = 0; /1 AN6

/Il Select CVD settle time Tsettle = 128*Tad/2 = 128*(2/FRC)/2 = 17uS
ADCON2Hbi t s. SHRSAMC = 128- 2;

/1 Enable and calibrate the nodul e.
Enabl eAndCal i brate(); /] See Exanple 5-1

/1 Configure and enable ADC interrupts.
ADI ELbits. | E5 = 1; /1 enable interrupt for AN5
ADI ELbits. | E6 = 1; /1 enable interrupt for AN6
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Example 5-6: Using CVD (Continued)

_ADCAN5I F = 0; /1 clear interrupt flag for AN5
_ADCANSI E = 1; /1 enable interrupt for AN5
_ADCANGI F = 0; // clear interrupt flag for AN6
_ADCANGI E = 1; /1 enable interrupt for AN6

/1 DI G TAL COMPARATOR | NI TI ALI ZATI ON.

/1 Set high threshold.

ADCMPOHI = 2048;

/1 Set the conparator event rule.
ADCMPOCONbi ts. HHHI = 1; /] generate event when ADCVDDAT > ADCMPOHI
/1 Enable the ADC Digital Conparator interrupt.
ADCMPOCONbi ts. | E = 1;

_ADCMPOI F = 0;

_ADCMPOI E = 1;

/1 Enable the conparator.

ADCMPOCONbi ts. CMPEN = 1;

/1 Scan CVD inputs.
ADCON1Lbi ts. CVDEN = 1;

whil e(1);
return 1;

}

/1 ADC AN5 | SR
void __attribute_ ((interrupt, no_auto_psv)) _ADCAN5I nterrupt(void)

static short sanpleA = O;

sanpl eA "= 1; /1 toggle SanpleA flag

i f(sanpl eA){

dat aANSCVDSanpl eA = ADCBUFS5; /1 read CVD Sanpl eA result for AN5
}el sef

dat aANSCVDSanpl eB = ADCBUFS5; /1l read CVD SanpleB result for AN5
}

_ADCAN5I F = 0; /1 clear interrupt flag

}

/1 ADC AN6 | SR
void __attribute__((interrupt, no_auto_psv)) _ADCANGI nterrupt(void)

static short sanpleA = 0;

sanpl eA "= 1; /1 toggle SanpleA flag

i f(sanpl eA){

dat aAN6CVDSanpl eA = ADCBUF6; /1l read CVD Sanpl eA result for ANG
}el se{

dat aAN6CVDSanpl eB = ADCBUF6; /1l read CVD SanpleB result for AN6
}

_ADCANGI F = 0; /1 clear interrupt flag

}

/1 ADC COVPARATOR | SR

/1 If the conversion result for AN5S or AN6 is greater than ADCVPOHI ,
/1 the interrupt is generated

void __attribute__((interrupt, no_auto_psv)) _ADCMPOI nterrupt(void)

{

conpar at or Channel Nunber = ADCMPOCONDbI t s. CHNL; /1 read the channel nunber

/1 that generated interrupt

dat aCvDResul t = ADCVDDAT; /'l read SanpleA - SanpleB result
_ADCMPOI F = 0; Il clear interrupt flag

}
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6.0 OPERATION DURING POWER-SAVING MODES

The power-saving modes, Sleep and Idle, are useful for reducing the conversion noise by
minimizing the digital activity of the CPU, buses and other peripherals.

6.1 Sleep Mode

When a device enters Sleep mode, the system oscillator (Fosc) and all components that operate
from it are halted. This includes the ADC when Fosc is selected for the clock source. When Sleep
mode is invoked during a conversion with FOSC as the clock source, the conversion is aborted.
The converter will not resume a partially completed conversion on exiting from Sleep mode. The
ADC register contents are not affected by the device entering or leaving Sleep mode.

The ADC module can operate during Sleep mode if the ADC clock source is active during Sleep
mode. The FRC oscillator is a logical choice for operation in Sleep mode. ADC operation during
Sleep mode reduces the digital switching noise from the rest of the microcontroller during the
conversion process.

If any of the ADC interrupts are enabled, the device will wake from Sleep mode when the ADC
interrupt occurs. The program execution will resume at the ADC ISR if the ADC interrupt is
greater than the current CPU priority. Otherwise, execution will continue from the instruction after
the PWRSAV instruction that placed the device in Sleep mode.

For operation during Sleep mode, the application must use a conversion trigger source that
ensures that the A/D conversion will take place in Sleep mode. For example, the external trigger
pin option (TRGSRCn<4:0>=11111) can be used for performing sampling and conversion while
the device is in Sleep mode.

6.2 Operation During Idle Mode

For the ADC, the Stop in Idle Mode bit, ADSIDL, in the ADCON1L register, specifies whether the
ADC module will stop on Idle or continue on Idle. If ADSIDL = 0, the ADC module will continue
normal operation when the device enters Idle mode. If any of the ADC interrupts are enabled, the
device will wake-up from Idle mode when the ADC interrupt occurs. The program execution will
resume at the ADC ISR if the ADC interrupt is greater than the current CPU priority. Otherwise,
execution will continue from the instruction after the PWRSAV instruction that placed the device in
Idle mode.

If ADSIDL = 1, the ADC module will stop in Idle mode. If the device enters Idle mode during a
conversion, the conversion is aborted. The converter will not resume a partially completed
conversion on exiting from Idle mode.

7.0 EFFECTS OF RESET

Following any Reset event, all the ADC control and status registers are reset to their default val-
ues with the control bits in a non-active state. This disables the ADC module and sets the analog
input pins to Analog Input mode. Any conversion that was in progress will be terminated and the
result will not be written to the result buffer. The values in the ADCBUFX registers are initialized
to 0000h during a device Reset.
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8.0

REGISTER MAP

Table 8-1: 12-Bit High-Speed, Multiple SARs A/D Converter Register Map®

File Name Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit2 Bit1 Bit0 ReAéltlets
ADCON1L ADON — ADSIDL — CVDEN — — — NRE — — — — — — — 0000
ADCON1H r r r r r r r r FORM SHRRES1 | SHRRESO r r r r r 0060
ADCON2L REFCIE | REFERCIE r EIEN r SHREISEL2 | SHREISEL1 | SHREISELO — SHRADCS6 | SHRADCS5 | SHRADCS4 | SHRADCS3 | SHRADCS2 | SHRADCS1 | SHRADCSO | 0000
ADCON2H REFRDY | REFERR r CVDCAP2 | CVDCAP1 | CVDCAPO | SHRSAMCY | SHRSAMC8 | SHRSAMC? | SHRSAMC6 | SHRSAMC5 | SHRSAMC4 | SHRSAMC3 | SHRSAMC2 | SHRSAMC1 | SHRSAMCO | 0000
ADCON3L RFSEL2 RFSEL1 RFSELO SUSPEND | SUSPCIE | SUSPRDY | SHRSAMP [ CNVRTCH | SWLCTRG | SWCTRG |CNVCHSELS5| CNVCHSEL4 | CNVCHSEL3 | CNVCHSEL2 | CNVCHSEL1 | CNVCHSELO | 0000
ADCONS3H CLKSEL1 | CLKSELO | CLKDIV5S CLKDIV4 CLKDIV3 CLKDIV2 CLKDIV1 CLKDIVO SHREN C6EN C5EN C4EN C3EN C2EN C1EN COEN 0000
ADCONAL — r r r r r r r — SAMCGEN | SAMCS5EN | SAMC4EN SAMC3EN SAMC2EN | SAMCI1EN | SAMCOEN | 0000
ADCON4H — — C6CHS1 C6CHSO C5CHS1 C5CHS0 CACHS1 CACHSO C3CHS1 C3CHS0 C2CHS1 C2CHS0 C1CHS1 C1CHS0 COCHS1 COCHSO 0000
ADMODOL DIFF7 SIGN7 DIFF6 SIGN6 DIFF5 SIGN5 DIFF4 SIGN4 DIFF3 SIGN3 DIFF2 SIGN2 DIFF1 SIGN1 DIFFO SIGNO 0000
ADMODOH DIFF15 SIGN15 DIFF14 SIGN14 DIFF13 SIGN13 DIFF12 SIGN12 DIFF11 SIGN11 DIFF10 SIGN10 DIFF9 SIGN9 DIFF8 SIGN8 0000
ADMOD1L DIFF23 SIGN23 DIFF22 SIGN22 DIFF21 SIGN21 DIFF20 SIGN20 DIFF19 SIGN19 DIFF18 SIGN18 DIFF17 SIGN17 DIFF16 SIGN16 0000
ADMOD1H DIFF31 SIGN31 DIFF30 SIGN30 DIFF29 SIGN29 DIFF28 SIGN28 DIFF27 SIGN27 DIFF26 SIGN26 DIFF25 SIGN25 DIFF24 SIGN24 0000
ADIEL |IE<15:0> 0000
ADIEH |IE<31:16> 0000
ADCSSL CSS<15:.0> 0000
ADCSSH CSS<31:16> 0000
ADSTATL AN15RDY | AN14RDY | AN13RDY | AN12RDY | AN11RDY | AN10RDY ANORDY ANSRDY AN7RDY ANBRDY ANSRDY AN4RDY AN3RDY AN2RDY AN1RDY ANORDY 0000
ADSTATH AN31RDY | AN30RDY | AN29RDY | AN28RDY | AN27RDY | AN26RDY | AN25RDY | AN24RDY | AN23RDY | AN22RDY | AN21RDY | AN20RDY AN19RDY AN18RDY AN17RDY AN16RDY | 0000
ADCMPOENL CMPEN<15:0> 0000
ADCMPOENH CMPEN<31:16> 0000
ADCMPOLO ADC CMPLO Register 0000
ADCMPOHI ADC CMPHI Register 0000
ADCMP1ENL CMPEN<15.0> 0000
ADCMP1ENH CMPEN<31:16> 0000
ADCMP1LO ADC CMPLO Register 0000
ADCMP1HI ADC CMPHI Register 0000
ADCMP2ENL CMPEN<15:0> 0000
ADCMP2ENH CMPEN<31:16> 0000
ADCMP2LO ADC CMPLO Register 0000
ADCMP2HI ADC CMPHI Register 0000
ADCMP3ENL CMPEN<15:0> 0000
ADCMP3ENH CMPEN<31:16> 0000
ADCMP3LO ADC CMPLO Register 0000
ADCMP3HI ADC CMPHI Register 0000
Legend: — = unimplemented, read as ‘0’; r = reserved, must be written as ‘0’. Reset values are shown in hexadecimal.

Note 1:  Not all registers are implemented in all devices. Refer to the device data sheet for device-specific register maps and bit implementation.
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Table 8-1: 12-Bit High-Speed, Multiple SARs A/D Converter Register Map(l) (Continued)

FileName | Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit8 Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit2 Bit1 B0 | eéltlets
ADCMP4ENL CMPEN<15:0> 0000
ADCMP4ENH CMPEN<31:16> 0000
ADCMP4LO ADC CMPLO Register 0000
ADCMP4HI ADC CMPHI Register 0000
ADCMPSENL CMPEN<15:0> 0000
ADCMPSENH CMPEN<31:16> 0000
ADCMP5LO ADC CMPLO Register 0000
ADCMPSHI ADC CMPHI Register 0000
ADFLODAT ADC FLDATA Register 0000
ADFLOCON | FLEN | MODEt | MODE0 | OvRsamz | ovrsami | ovrsamo | Ry | — [ — — | FLcHSEL4 | FLCHSEL3 | FLCHSEL2 | FLCHSEL1 | FLCHSELO | 0000
ADFL1DAT ADC FLDATA Register 0000
ADFLICON | FLEN | mopE1 | mopeo | ovrsamz | ovrsami | ovrsamo | v | — ] — — | Fionsew4 | FiohsELs | FLeHsEL2 | FLoHSELT | FLoHSELO | oooo
ADFL2DAT ADC FLDATA Register 0000
ADFL2coN | FLEN | mopE1 | mopeo | ovrsamz | ovrsami | ovrsamo | v | — ] — — | Fionsew4 | FiohsELs | FLeHsEL2 | FLoHSELT | FLoHSELO | oooo
ADFL3DAT ADC FLDATA Register 0000
ADFL3CON | FLEN | MoDE1 | mopeo | ovrsamz | ovksami | ovrsawo | v | — [ — — | FLoHsEL4 | FLOHSELS | FLCHSEL2 | FLCHSEL1 | FLCHSELO | 0000
ADFLADAT ADC FLDATA Register 0000
ADFL4CON | FLEN | MopEt | MoDEo | ovRsamz | ovrsami | ovrsawo | Ry | — [ — — | FicHseL4 | FoHseLs | Fiesel2 | FLeHseLt | FLosELo | oooo
ADFLSDAT ADC FLDATA Register 0000
ADFLSCON | FLEN | MODE1 | MODEO | OVRSAM2 | OVRSAMI | OVRSAMO IE RDY _ _ _ FLCHSEL4 | FLCHSEL3 | FLCHSEL2 | FLCHSEL1 | FLCHSELO | 0000
ADTRIGOL — — — | TResrct4 | TRGsRe13 | TRGsRe12 | TRsRCH | TRGSRC10 — — — TRGSRCO4 | TRGSRCO3 | TRGSRCO2 | TRGSRCO1 | TRGSRCOO | 0000
ADTRIGOH — — — | TResrca4 | TRGSRe33 | TResRe32 | TRGsRe3t | TResrcao | — — — TRGSRC24 | TRGSRC23 | TRGSRC22 | TRGSRC21 | TRGSRC20 | 0000
ADTRIGIL — — — | TResrcs4 | TRGSRes3 | TRGSRes2 | TRGSRest | TRGsRCs0 | — — — TRGSRCA4 | TRGSRCA3 | TRGSRCA2 | TRGSRCA! | TRGSRC40 | 0000
ADTRIGIH — — — | TResrc74 | TRGSRe73 | TResre72 | TResrert | TResrcro | — — — TRGSRC64 | TRGSRC63 | TRGSRC62 | TRGSRC61 | TRGSRCHO | 0000
ADTRIG2L — — — | TResrce4 | TRGSRco3 | TResRee2 | TRGsReot | TResrcon | — — — TRGSRC84 | TRGSRC83 | TRGSRCE2 | TRGSRC81 | TRGSRCEO | 0000
ADTRIG2H — — — | TResret4| TResRC13 | TRGSRC112 | TRGSRe1 | TRGsReto|  — — — | TResRC104 | TRGSRC103 | TRGSRC102 | TRGSRC101 | TRGSRC100 | 0000
ADTRIG3L _ _ — | Tresrc134| TReSRC133 | TRGSRC132 | TRGSRC131 | TRGSRC130 | — _ — | TReSRC124 | TRGSRC123 | TRGSRC122 | TRGSRC121 | TRGSRC120 | 0000
ADTRIG3H _ _ — | TrResre154| TRaSRC153 | TRGSRC152 | TRGSRC151 | TRGSRC150 | — _ — | TRGSRC144 | TRGSRC143 | TRGSRC142 | TRGSRC141 | TRGSRC140 | 0000
ADTRIGAL _ _ — | TrResrc174| TResRC173 | TRaSRC172 | TRGSRC171 | TRGSRE170 | — _ — | TReSRC164 | TRGSRC163 | TRGSRC162 | TRGSRC161 | TRGSRC160 | 0000
ADTRIG4H _ _ — | Tresrc194| TRaSRC193 | TRGSRC192 | TRGSRC191 | TRGSRC190 | — _ — | TReSRc184 | TRGSRC183 | TRGSRC182 | TRGSRC181 | TRGSRC180 | 0000
ADTRIGSL _ _ — | Tresrc214| TReSRC213 | TRGSRC212 | TRGSRC211 | TRGSRC210 | — _ — | TReSRc204 | TRGSRC203 | TRESRC202 | TRGSRC201 | TRGSRC200 | 0000
ADTRIGSH _ _ — | TrResRc234| TReSRC233 | TRGSRC232 | TRGSRC231 | TRGSRC230 | — _ — | TReSRC224 | TRGSRC223 | TRESRC222 | TRGSRC221 | TRGSRC220 | 0000
ADTRIGEL — — — | TrResRc254| TRGSRC253 | TRGSRC252 | TRGSRC251 | TRGSRC250 | — — — | TRGSRC244 | TRGSRC243 | TRGSRC242 | TRGSRC241 | TRGSRC240 | 0000
ADTRIGEH — — — | TrResRc274| TReSRC273 | TRGSRC272 | TRGSRC271 [ TRGSRC270 | — — — | TRGSRC264 | TRGSRC263 | TRGSRC262 | TRGSRC261 | TRGSRC260 | 0000
Legend: — = unimplemented, read as ‘0’; r = reserved, must be written as ‘0’. Reset values are shown in hexadecimal.

Note 1:  Not all registers are implemented in all devices. Refer to the device data sheet for device-specific register maps and bit implementation.
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Table 8-1: 12-Bit High-Speed, Multiple SARs A/D Converter Register Map(l) (Continued)

File Name Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit2 Bit1 Bit0 Reélclets
ADTRIG7L — — — TRGSRC294 | TRGSRC293 | TRGSRC292 | TRGSRC291 | TRGSRC290 — — — TRGSRC284 | TRGSRC283 | TRGSRC282 | TRGSRC281 | TRGSRC280 | 0000
ADTRIG7H — — — TRGSRC314 | TRGSRC313 | TRGSRC312 | TRGSRC311 | TRGSRC310 — — — TRGSRC304 | TRGSRC303 | TRGSRC302 | TRGSRC301 | TRGSRC300 | 0000
ADCMPOCON — — — CHNL4 CHNL3 CHNL2 CHNL1 CHNLO CMPEN IE STAT BTWN HIHI HILO LOHI LOLO 0000
ADCVDDAT ADCVDDAT<15:0> 0000
ADCMP1CON — — — CHNL4 CHNL3 CHNL2 CHNL1 CHNLO CMPEN IE STAT BTWN HIHI HILO LOHI LOLO 0000
ADCMP2CON — — — CHNL4 CHNL3 CHNL2 CHNL1 CHNLO CMPEN IE STAT BTWN HIHI HILO LOHI LOLO 0000
ADCMP3CON — — — CHNL4 CHNL3 CHNL2 CHNL1 CHNLO CMPEN IE STAT BTWN HIHI HILO LOHI LOLO 0000
ADCMP4CON — — — CHNL4 CHNL3 CHNL2 CHNL1 CHNLO CMPEN IE STAT BTWN HIHI HILO LOHI LOLO 0000
ADCMP5CON — — — CHNL4 CHNL3 CHNL2 CHNL1 CHNLO CMPEN IE STAT BTWN HIHI HILO LOHI LOLO 0000
ADLVLTRGL LVLEN<15:0> 0000
ADLVLTRGH LVLEN<31:16> 0000
ADCOREOL — — — — — — — SAMC<9:0> 0000
ADCOREOH — — — — — — RES1 RESO | — ADCS6 ADCS5 ADCS4 | ADCS3 ADCS2 ADCS1 ADCS0 0300
ADCORE1L — — — — — — — SAMC<9:0> 0000
ADCORE1TH — — — EISEL2 EISEL1 EISELO RES1 RESO | — ADCS6 ADCS5 ADCS4 | ADCS3 ADCS2 ADCS1 ADCS0 0300
ADCORE2L — — — — — — — SAMC<9:0> 0000
ADCORE2H — — — EISEL2 EISEL1 EISELO RES1 RESO | — ADCS6 ADCS5 ADCS4 | ADCS3 ADCS2 ADCS1 ADCS0 0300
ADCORESL — — — — — — — SAMC<9:0> 0000
ADCORE3H — — — EISEL2 EISEL1 EISELO RES1 RESO | — ADCS6 ADCS5 ADCS4 | ADCS3 ADCS2 ADCS1 ADCS0 0300
ADCOREAL — — — — — — — SAMC<9:0> 0000
ADCORE4H — — — EISEL2 EISEL1 EISELO RES1 RESO | — ADCS6 ADCS5 ADCS4 | ADCS3 ADCS2 ADCS1 ADCS0 0300
ADCORE5L — — — — — — — SAMC<9:0> 0000
ADCORE5H — — — EISEL2 EISEL1 EISELO RES1 RESO | — ADCS6 ADCS5 ADCS4 | ADCS3 ADCS2 ADCS1 ADCS0 0300
ADCORESBL — — — — — — — SAMC<9:0> 0000
ADCORE6H — — — EISEL2 EISEL1 EISELO RES1 RESO | — ADCS6 ADCS5 ADCS4 | ADCS3 ADCS2 ADCS1 ADCS0 0300
ADEIEL EIE<15:0> 0000
ADEIEH EIE<31:16> 0000
ADEISTATL EISTAT<15:0> 0000
ADEISTATH EISTAT<31:16> 0000
ADCONSL SHRRDY C6RDY C5RDY C4RDY C3RDY C2RDY C1RDY CORDY SHRPWR C6PWR C5PWR C4PWR C3PWR C2PWR C1PWR COPWR 0000
ADCONSH — — — — WARMTIME3 | WARMTIME2 | WARMTIME1 | WARMTIMEO|  SHRCIE C6CIE C5CIE CACIE C3CIE C2CIE CICIE COCIE 0000
ADCALOL CAL1RDY — — — r CAL1DIFF CAL1EN CAL1RUN | CALORDY — — — r CALODIFF CALOEN CALORUN | 0000
ADCALOH CAL3RDY — — — r CAL3DIFF CAL3EN CAL3RUN | CAL2RDY — — — r CAL2DIFF CAL2EN CAL2RUN | 0000
ADCAL1L CAL5RDY — — — r CALS5DIFF CAL5EN CALSRUN | CAL4RDY — — — r CAL4DIFF CAL4EN CAL4RUN | 0000
ADCAL1H CSHRRDY — — — r CSHRDIFF | CSHREN | CSHRRUN | CAL6RDY — — — r CAL6DIFF CALGEN CAL6RUN | 0000
Legend: — = unimplemented, read as ‘0’; r = reserved, must be written as ‘0’. Reset values are shown in hexadecimal.

Note 1:  Not all registers are implemented in all devices. Refer to the device data sheet for device-specific register maps and bit implementation.
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Table 8-1: 12-Bit High-Speed, Multiple SARs A/D Converter Register Map(l) (Continued)

File Name Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit2 Bit1 Bit0 Reglclets
ADCBUFO DATA0<15:0> 0000
ADCBUF1 DATA1<15:0> 0000
ADCBUF2 DATA2<15:0> 0000
ADCBUF3 DATA3<15:0> 0000
ADCBUF4 DATA4<15:0> 0000
ADCBUF5 DATA5<15:0> 0000
ADCBUF6 DATA6<15:0> 0000
ADCBUF7 DATA7<15:0> 0000
ADCBUF8 DATA8<15:0> 0000
ADCBUF9 DATA9<15:0> 0000
ADCBUF10 DATA10<15:0> 0000
ADCBUF11 DATA11<15:0> 0000
ADCBUF12 DATA12<15:0> 0000
ADCBUF13 DATA13<15:0> 0000
ADCBUF14 DATA14<15:0> 0000
ADCBUF15 DATA15<15:0> 0000
ADCBUF16 DATA16<15:0> 0000
ADCBUF17 DATA17<15:0> 0000
ADCBUF18 DATA18<15:0> 0000
ADCBUF19 DATA19<15:0> 0000
ADCBUF20 DATA20<15:0> 0000
ADCBUF21 DATA21<15:0> 0000
ADCBUF22 DATA22<15:.0> 0000
ADCBUF23 DATA23<15:0> 0000
ADCBUF24 DATA24<15:.0> 0000
ADCBUF25 DATA25<15:0> 0000
ADCBUF26 DATA26<15:0> 0000
ADCBUF27 DATA27<15:0> 0000
ADCBUF28 DATA28<15:0> 0000
ADCBUF29 DATA29<15:0> 0000
ADCBUF30 DATA30<15:0> 0000
ADCBUF31 DATA31<15:0> 0000
Legend: — = unimplemented, read as ‘0’; r = reserved, must be written as ‘0’. Reset values are shown in hexadecimal.

Note 1:  Not all registers are implemented in all devices. Refer to the device data sheet for device-specific register maps and bit implementation.
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12-Bit High-Speed, Multiple SARs A/D Converter (ADC)

9.0 RELATED APPLICATION NOTES

This section lists application notes that are related to this section of the manual. These application
notes may not be written specifically for the dsPIC33/PIC24 device families, but the concepts are
pertinent and could be used with modification and possible limitations. The current application
notes related to the 12-Bit High-Speed, Multiple SARs A/D Converter (ADC) module are:

Title Application Note #

No related application notes at this time.

notes and code examples for the dsPIC33/PIC24 families of devices.

Note: Please visit the Microchip web site (www.microchip.com) for additional application I
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